
BEST

AVAILABLE

COPY



.... ... 

^ - . ' " ' •' ■ •. ' ■ ' : 

— 

AD/ A - 002 415 

,;ij;ü.fi ;:i¡! 

AUGMENTED RADAR BEACON TRACKING LEVEL 
SYSTEM DESIGN SPECIFICATION 

l(l 1 : 

L. Huff, et al 

Sperry Univac 

1 
ii;; 

;¡!í 

ft' 

lili 

Prepared for: 

Federal Aviation Administration 

May 1974 

DISTRIBUTED BY: 

National Technical Information Service 
U. S. DEPARTMENT OF COMMERCE 

.: ■ .- f .* 



"This report has been prepared by UNIVAC for the Systems Research 
and Development Service, Federal Aviation Administration, under 
Contract No. DOT FA70WA-2289. The contents of this report reflect 
the views of the contractor, who is responsible for the facts and 
the accuracy of the data presented herein, and do not necessarily 
reflect the official view or policy of thé FAA. This report does 
not constitute a standard, specification or regulation." 



Augmented Radar Beacon Tracking Level 

System Design Specification 

?■ Author's) 

L. Huff, M. Wold 

March 1973 

6. Performing Orgonnotion Code 

8. Performing Orgonizotion Report No. 

FX-7981 

9, Performing Organ!talion Noma and Addrcti 

Sperry UNIVAC 

Defense Systems Division 

St. Raul, Minnesota 551^5 

10. Work Un,I No. (TRAIS) 

19l80_2$279 
11. Controct or Grant No. 

DOT-FA70WA-2289 

12. Sponsoring Agency Name end Address 

Federal Aviation Administration 

System Research and Development Service 

Washington, D.C. 20590 

13. Type of Report ond Period Covered 

Design Specification 

14. Sponsoring Agency Code 

ï5. Supplomontory Notts 

16. Abstract 

This document is a system specification for the Augmented Radar Beacon Tracking 

Level (RETD) system. The Augmented RBTL expands the Beacon Tracking Level (BTL) 

ARTS III system by providing the capability of automatically tracking and dis¬ 

playing information on both non-beacon and beacon-equipped aircraft. In addition, 

this system provides improved tracking techniques together with new techniques for 

improving the controller-computer interface. 

The Augmented RBTL system expands the ARTS III system, but retains the ARTS III 

features. Primary radar processing is accomplished through the addition of an 

Radar Data Acquisition Subsystem (RDAS) together with radar processing software. 

The RDAS accepts basic timing and radar video information from a search radar. It 

provides quancized video hits to the ARTS computer (lOP) in the form of 30 bit 

words. The computer uses these hits to perform radar target aetection and positioi; 

estimation. 

Included as an appendix to this document is a stand alone specification for an 

RDAS. Another appendix provides an approach to dual Augmented RBTL Implementa-, 
tion. 

17. K#y 'fjtit 

Augmented Radar Beacon Tracking Level 
ARTS III 

Controller-Computer Interface 

Radar Data Acquisition Subsystem 

Air traffic Control 

IS. Oiitribution Stofomant 

Document is available to the public 

through the National Technical Information 

Service, Springfield, Virginia 22151. 

19. Security Clotiif. (of tHii report) 

Unclassified 

20. Security Clettif. (of this page) 

Unclassified 

21* No. of Paget 22. Price 

Farm DOT F 1700.7 (8-72) Reproduction »? completad page authorized 
? 

Reproduced by 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

U 5 Department of Commerce 
Springfield, VA. 22151 

.. a*:--'-» 



Bllili 
'if! i':'!''.. 

ill 

Paragraph 

1. 

2. 
2.1 
2.1.1 
2.2 
2.3 
2.3.1 
2.3.2 
2.3.3 

3. 
3.1 
3.1.1 

3.1.2 

3.1.3 , 

3.2 
3.3 
3.3.1 
3.3.1.1 
3.3.1.2 
3.3.1.3 
3.3.2 
3.3.2.1 
3.3.2.2 
3.3.2.3 
3.3.2.4 
3.3.3 
3.3.4 
3.3.4.1 

' 

TABLE OF CONTENTS 

Title 

SECTION 1 
SCOPE 

Scope 

SECTION 2 
APPLICABLE DOCUMENTS 

Applicable Documents 
FAA Documents 

FAA Specifications 
Military Publication 
Other Publications 

Sperry Univac Documents 
Texas Instrument Documents 
Burroughs Documents 

SECTION 3 
REQUIREMF-NTS 

Requirements 
Extent of Work 

Equipment and Services to be Furnished 
by the Contractor 

Summary of Contractor-Furnished Equipment and 
Services 

Government-Furnished Equipment (GFE) and 
Services 

Definitions 
Equipment Makeup and Functional Requirements 

General System Description 
ARTS III System Description 
Additions to the ARTS III System 
Modifications to the ARTS III Software 

System Organization 
Data Processing Subsystem 
Beacon Data Acquisition Subsystem 
Data Entry and Display Subsystem 
Radar Data Acquisition Subsystem 

Equipment Interfaces 
Subsystem Descriptions 

Hardware 

Paae 

1-1 

3-1 

3-1 

I 

! 

.... • ..... 

iii 



; 

: 

T': ¡ 

f] 

! 

3.3. i.1.1 
3.3.1.1.2 
3.3.4.2 
3.3.4.2.1 
3.3.4.2.2 
3.3.4.2.3 
3.3.4.2.3.1 
3.3.4.2.3.2 
3.3.4.2.3.2.1 
3.3.4.2.3.2.2 
3.3.4.2.3.2.3 
3.3.4.2.3.2.4 
3.3.4.2.3.2.5 
3.3.4.2.3.2.6 
3.3.4.2.3.3 
3.3.4.2.4 
3.3.4.2.4.1 
3.3.4.2.4.2 
3.3.4.2.4.2.1 
3.3.4.2.4.2.2 
3.3.4.2.4.2.2.1 
3.3.4.2.4.2.2.1.1 
3.3.4.2.4.2.2.2 
3.3.4.2.4.2.3 
3.3.4.2.4.2.3.1 
3.3.4.2.4.2.3.2 
3.3.4.2.4.2.4 
3.3.4.2.4.2.5 
3.3.4.2.4.2.5.1 
3.3.4.2.4.2.5.2 
3.3.4.2.4.3 
3.3.4.2.5 
3.3.4.2.5.1 
3.3.4.2.5.2 
3.3.4.2.5.3 
3.3.4.2.6 
3.3.4.2.6.1 
3.3.4.2.6.2 
3.3.4.2.6.3 

TABLE OF CONTENTS (continued) 

Title 

SECTION 3 (continued) 

Existing ARTS III Hardware 
Radar Data Acquisition Subsystem 

Software 
Introduction 
General Approach 
Executive Control 

General Requirements 
Executive Design 

Popup Query 
Planned Query 
Preset 
Power Failure Recovery 
Thread Update Task 
Task Scheduling 

Executive Data Base 
Radar Input Processing 

General Requirements 
Design 

Input/Output 
Radar Target Detection 

Report Generation 
Final Detection 

Report Finalization 
Quantizer Control 

Clutter Processing 
Weather Hit Regulation 

Performance Monitoring 
RTQC Test Target Control 

RTQC Generation 
Quantizer Sequencing 

Radar Input Processing Data Base 
Beacon Input Processing 

General Requirements 
Design 
Beacon Input Processing Data Base 

Beacon Radar Correlation 
General Requirements 
Design 
Beacon Radar Correlation Data Base 



' 

TABLE OF CONTENTS (continued) 

: 

Paragraph 

3.3.4.2.7 
3.3.4.2.7.1 
3.3.4.2.7.1.1. 
3.3.4.2.7.1.2 
3.3.4.2.7.1.2.1 
3.3.4.2.7.1.2.2 
3.3.4.2.7.1.2.3 
3.3.4.2.7.1.2.4 
3.3.4.2.7.1.2.5 
3.3.4.2.7.1.2.6 
3.3.4.2.7.1.2.7 
3.3.4.2.7.1.2.8 

3.3.4.2.7.1.2.9 
3.3.4.2.7.1.3 
3.3.4.2.7.2 
3.3.4.2.7.2.1 
3.3.4.2.7.2.1.1 
3.3.4.2.7.2.1.2 
3.3.4.2.7.2.1.3 
3.3.4.1.7.2.1.4 
3.3.4.2.7.2.2 

3.3.4.2.7.2.3 
3.3.4.2.7.2.4 
3.3.4.2.7.2.5 
3.3.4.2.7.2.6 
3.3.4.2.7.2.7 

3.3.4.2.7.2.8 

3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 

7.2.9 
7.2.10 
7.2.10.1 
7.2.10.2 
7.2.10.3 
7.2.10.4 
7.2.10.5 
7.2.10.6 
7.2.11 
7.2.11.1 
7.2.11.2 
7.2.12 
7.2.13 
7.2.14 
7.2.15 

Title Page 

SECTION 3 (continued) 

Keyboard Input Processing 3-108 
General Requirements 3-108 

Type I Input Data Words 3-108 
Type II Input Data Words 3-112 

Control Function Characters 3-112 
Clear Function Character 3-112 
Backspace Function Character 3-113 
Enter Function Character 3-113 
Trackball Enter Function Character 3-113 
Idle Function Character 3-113 
Disconnect Function Character 3-113 
Operational Üata/Function 3-114 

Characters 
Illegal Characters 3-114 

Keyboard Input Word Parity Error 3-125 
Keyboard Input Processing Design 3-125 

Keyboard Interrupt Processing (KIP) 3-125 
Input Chain Monitor Interrupt 3-128 
Input Line Parity Error Interrupt 3-129 
External Interrupt 3-129 
Illegal Interrupts 3-129 

Keyboard Operational Functions 3-129 
Processing (KOF) 

Track Start Operational Function 3-131 
Track Reposition Operational Function 3-134 
Suspend Operational Function 3-134 
Track Drop Operational Function 3-135 
Handoff Initiate/Recall/Accept 3-136 

Operational Function 
Flight Data Entry Operational 3-138 

Function 
BCN Operational Multifunction 3-139 
CFG Operational Multifunction 3-140 

CFG Consolidation 3-140 
CFG Deconsolidation 3-141 
CFG Keyboard Status Change 3-141 
CFG Resectorization 3-143 
CFG Printout Request 3-143 
CFG Interfacility Select/Inhibit 3-144 

DIS Operational Multifunction 3-144 
DIS FDB 3-144 
DIS Track File 3-145 

EMG Operational Multifunction 3-145 
FIL Operational Multifunction 3-146 
Operational Multifunction 3-147 
IFD Operational Multifunction 3-147 



H; ' 

3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 

7.2.18 
7.2.19 
7.2.20 
7.2.21 
7.2.22 
7.2.23 
7.2.24 
7.2.25 
7.2.2b 
7.2.27 

3.3.4.2.7.3 
3.3.4.2.7.3.1 
3.3.4.2.7.3.2 
3.3.4.2.7.3.3 
3.3.4.2.7.3.4 
3.3.4.2.0 
3.3.4.2.8.1 
3.3.4.2.8.1.1 
3.3.4.2.8.1.2 
3.3.4.2.8.1.3 
3.3.4.2.8.1.4 
3.3.4.2.8.1.5 
3.3.4.2.8.1.6 
3.3.4.2.8.1.7 
3.3.4.2.8.1.8 
3.3.4.2.8.1.9 
3.3.1.2.8.1.10 

3.3.4.2.8.1.11 
3.3.4.2.8.1.12 

3.3.4.2.8.1.13 
3.3.4.2.8.2 

Title 

SECTION 3 (continued) 

KEN Operational Multifunction 
LOR Operational Multifunction 
MOO Operational Multifunction 
OFF Operational Multifunction 
PRE Operational Multifunction 
RUM Operational Multifunction 
SYS Operational Multifunction 
TAB Operational Multifunction 
YSP Operational Multifunction 
ZAB Operational Multifunction 
Area Mapping Operational Function 
Synthetic Video Select Operational 

Function 
Keyboard Input Processing Data Base 

Process Preview Flag: (Bit PP) 
Unrecoverable Error Flag: (Bit UE) 
Error Flag: (Bit E) 
Keyboard System Parameters 

Interfacility Input./Output Processing 
Interfac.ility-General Requirements 

Interfacility Message Formats 
Flight Plan Message (FP) 
Amendment Message (AM) 
Cancellation Message (X) 
Ini tiate Transfer Message (T.T) 
Track Update Message (TU) 
Accept Transfer Message (TA) 
Departure Message (DM) 
Acknowledge Message (DA, UR, DX) 
Test Data Message (TR) C Data Test 

Message (UT) 
Terminate Beacon Message (TB) 
Flight Identification Field in 

Messages 
Interfacility Inhibit 

Interfacility Design 
ENRIN Design 
ENROUT Design 
ENCH1N Design 

Inter4' : ; i v se 
¿r.tei i at i it i y System Parameters 

Tracking 
General Raqui rement s 
Beacon Radar Tracking Design 

Primary/Secundary Correlation 

3-147 
3-148 
3-148 
3-150 
3-150 
3-150 
3-151 
3-153 
3-153 
3-154 
3-154 
3-1:00 

3-161 
3-161 
3-161 
3-161 
3-161 
3-164 
3-164 
3-164 
3-164 
3-169 
3-169 
3-169 
3-170 
3-170 
3-170 
3-171 
3-17 J 

3*171 
3-171 

3-172 
3-172 
3-172 
3-173 
3-174 
9-175 
3-176 
3-176 
3-176 
3-178 
3-180 



Paraurauh 

3.3.4.2.9.2.2 
3.3.4.2.9.2.3 
3.3.4.2.9.2.4 
3.3.4.2.9.2.5 
3.3.4.2.9.2.6 

3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 
3.3.4 

.2.9.2.6.1 

.2.9.2.6.2 

.2.0.2.6.3 

.2.9.3 

.2.9.3.1 

.2.9.3.2 

.2.9.3.3 

.2.9.3.4 

.2.9.3.3 

.2.9.3.6 

.2.9.3.7 

.2.9.3.0 

.2.10 

.2.10.1 

.2.10.1.1 

.2.10.1.2 

.2.10.1.3 

.2.10.1.4 

.2.10.1.5 

.2.10.1.6 

.2.10.2 

.2.10.2.1 

.2.10.2.2 

3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 

10.3 
10.3.1 
10.3.2 
10.3.3 
11 
11.1 
11.2 
11.3 
11.4 
12 
12.1 
12.2 
12.3 
12.4 
13 

TABLE OF COMENTS (continued) 

Title 

SECHON 3 (continued) 

Initial Correlation 
Turning Correlation 
Process Unused Reports 
Prediction 
Beacon Radar Tracking Support 

Routines 
Correction 
Target Selection 
Report Scoring 

Tracking Data Base 
Firmness Table 
Smoothing Parameter Table 
Primary Error Parameter Table 
Qualifying Score Parameter Table 
Report Address Table (RAT) 
Beacon Only Track Table (BOT) 
Radar Only Track Table (ROT) 
Tracking System Parameters 

Display Output Processing 
General Requirements 

Active Controlled Aircraft 
Inactive Controlled Aircraft 
Uncontrolled Aircraft 
System Data 
Keyboard (Preview) Data 
Trackball Data 

Display Output Processing Design 
Display Output Buffer Preparation 
Display Output Chain Preparation 

(CPS) 
Display Output Data Base 

Tracked Command Chain List (TCL) 
TABular Index Table (TABIT) 
Display Output System Parameters 

Automatic Offset 
General Requirements 
Automatic Offset Design 
Automatic Offset Data Base 
Automatic Offset Parameters 

Console Typewriter Output 
General Requirements 
Console Typewriter Output Design 
Console Typewriter Output Data Base 
Console Typewriter Output Parameters 

System Timeout Processing 

Page 

3-107 
3-108 
3-189 
3-192 
3-194 

3-194 
3-200 
3-200 
3-202 
3-202 
3-202 
3-203 
3-203 
3-203 
3-206 
3-20(, 
3-200 
3-200 
3-208 
3-200 
3-212 
3-213 
3-215 
3-216 
3-216 
3-217 
3-217 
3-210 

3-222 
3-222 
3-223 
3-223 
3-223 
3-223 
3-226 
3-220 
3-220 
3-228 
3-228 
3-232 
3-233 
3-233 
3.233 



TABLE Of' CONTENTS (continued) 

Ti tlu 

SECTION 3 (continued) 

General Requirements 
System Timeout Processing Oesign 

DEUS Timeout 
BDAS Timeout 
Update Clock 
Terminate Tracks Set Up for Delayed 
Terminate 

Blinking Handoffs Timeout 
Monitor Flight Plans 
RDAS Interface 
Monitor Identified Beacons 
Monitor EM, RF, HJ, SA Display 
Monitor Tabular Ctíast Tracks 
CTS Capacity Test 
Automatic Track Drop/Handoff 
Timeout Radar Input Processing 
Check RDAS Alignment 
Re-enable Video Processing 

System Tiueout Processing Data Base 
System Timeout Parameters 

System Data Base 
Radar/Beacon Target Store 

Target Report Store 
Sector Access Store 
Sector Time Store 

Central Track Store 
Word 1 
Word 2 
Word 3 
Word d 
Word 5 
Word 6 
Word 7 
Word 0 
Word 9 
Word 10 
Word 11 
Word 12 
Word 13 
Wor ’ 

Console Typewriter Print Request Tables 
Display Parameter Tables 
Type 1 Tables 

CSBT Word 
COUNT Word 
QUIET Word 
PREVI W'srT 

Page 

3-234 
3-234 
3-234 
3-235 
3-235 
3-235 

3-235 
3-236 
3-236 
3-236 
3-236 
3-236 
3-236 
3-237 
3-238 
3-230 
3-230 
3-230 
3-238 
3-240 
3-240 
3-240 
3-240 
3-240 
3-240 

3-1 
3-246 
3-240 
3-240 
3-249 
3-2¾ 
3-250 
3-252 
3-252 
3-252 
3-253 
3-253 
~-¿54 
3-254 
3-257 
3-257 
3-257 
3-257 
3-259 
3-259 

viii 



^Sf^j^rrer^f?*^1 ’ • -- 1T-S T* 

t'aracraoh 

3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 
3.3.4.2. 

14.4.1.5 
14.4.1.6 
14.4.1.7 
14.4.1.0 
14.4.1.9 
14.4.2 
14.4.3 
14.4.4 
14.4.5 
14.4.Ò 
14.4.7 
14.4.8 
14.4.6.1 
14.4.0.2 
14.4.8.3 
14.4.8.4 
14.5 
14.6 
14.7 
14.8 
14.9 
14.10 
14.11 
14.12 

3.3.4.2.14.13 

3.3.4.2 
3.3.4.2 
3.3.4.2 
3.3.4.2 
3.3.4.2 
3.3.4.2 
3.3.4.2 
3.3.4.2 
3.3.4.2 
3.3.4.2 

.14.14 

.14.15 

.14.16 

.14.17 

.14.18 

.15 

.15.1 

.15.2 

.15.2.1 

.15.2.2 

3.3.4.2.15.3 

3.3.4.2.15.4 

3.3.4.2.16 
3.3.4.2.17 
3.3.4.2.17.1 
3.3.4.2.17.2 
3.4 

TABLE OF CONTENTS (continued) 

Title 

SECTION 3 (continued) 

PULST Word 
SYWT Word 
TABBT Word 
TBAL1T Word 
TBAL2T Word 

Type 2 Table 
Type 3 Table 
Type 4 Tables 
Type 5 Tables 
Type 6 Table 
Type 7 Table 
Type 8 Tables 

CRTYXr Word 
DINDT Word 
FLAGZT Word 

INCINZT Word 
Configuration Tables (COhFIG) 
Common Active Track Buffer (CATB) 
Selected Code Table (SCT) 
Tabular Track Index (TTI) 
Track Number Pointer Table (TNP) 
Temporary Flight Plan Store (TS) 
VFR/IFR Code Table (VICODT) 
Time, Altimeter Setting and ATIS/GSI 

(TAST) 
Emergency/Radio Failure (EMRFT), Hijack 

(HJT) and Suspect Aircraft (SAT) 
Memory Readout (ERMAT) 
Beacon Report Store (REPRiT) 
Track Present Map (TPIffT) 
Radar Report Store (RRSIT) 
Radar Detection Map (RDMT) 

Magnetic Tape Flight Plan Input 
General Requirements 
Magnetic Tepe Flight Plan Input Design 

Magnetic Tape Input Interrupt Routine 
Magnetic Tape Input Executive Sub¬ 

program 
Magnetic Tape Flight Plan Input Data 

Base 
Magnetic Tape Flight Plan Input Para¬ 

meters 
Data Base Utilization Summary 
Program Storage and Timing Estimates 

Memory Requirements 
Program Timing Estimates 

Reliability 

Page 

3-260 
3-260 
3-260 
3-261 
3-261 
3-262 
3-262 
3-266 
3-266 
3-270 
3-270 
3-272 
3-272 
3-272 
3-272 
3-272 
3-274 
3-276 
3-276 
3-276 
3-280 
3-282 
3-282 
3-282 

3-282 

3-282 
3-282 
3-287 
3-287 
3-287 
3-207 
3-287 
3-292 
3-292 
3-292 

3-293 

3-293 

3-293 
3-293 
3-293 
3-293 
3-300 

ix ■ 



"7' • 

Paragraph 

3.4.1 
3.4.1.1 
3.4.1.2 
3.4.1.3 
3.4.1.4 
3.4.1.5 
3.4.1.6 
3.4.1.7 
3.4.2 
3.4.2.1 
3.4.2.2 
3.4.2.3 
3.4.2.4 
3.4.3 
3.4.4 
3.4.5 
3.5 
3.6 
3.6.1 
3.6.2 
3.6.3 
3.6.4 
3.6.5 
3.6.6 
3.6.7 
3.6.8 
3.6.9 
3.6.1U 
3.6.11 
3.6.12 
3.6.13 
3.7 
3.8 
3.9 

3.9.1 
3.9.2 
3.9.3 

3.9.4 
5.9.4.1 
1,9.4.2 

TABLE OP CONTENTS (continued) 

Title 

SECTION 3 (continued) 

3.10 

Reliability Definitions 
Mean Time Between Failure (MTBF) 
Unit Failure Rate (A) 
Mean Time To Repair (MTTR) 
Mean Up Time (MUT) 
Mean Down Time (MÜT) 
Availability (A) 
Classes of Failures 

Subsystem Reliability 
Beacon Data Acquisition Subsystem (BDAS) 
Radar Data Acquisition Subsystem (RDAS) 
Data Processing Subsystem (DPS) 
Data Entry and Display Subsystem 

Component Reliability 
System Reliability 
Reliability Design Features 

Maintainability 
System Acceptance Testing 

Factory Tests 
Off-Site Tests 
On-Site Tests 
Test Plan 
Test Reports 
Test and Inspection 
Field Test 
Failure During Testing 
Test Record Forms 
Additional Tests 
Problem Areas 
Equipment Modification 
Documentation 

General Requirements 
Test Equipment 
Pre-Installation Planning 

Procedure 
Installation Planning Hep -t 

Government Prepared Pré’ ry Install¬ 
ation Plan 

System Simulation 
«enïra • 

Basic Model Description 
System Design Data 

3-300 
3-300 
3-300 
3-300 
3- 100 
3-: 00 
3 3()0 
3-300 
3-300 
:,1-30 j 
3-301 

-30 1 
3-301 
3-301 
3-301 
3-302 
3-:«) 2 
3-302 
3-302 
3-302 
3-302 
3-302 
3-303 

-303 
3-303 
3-305 
3-303 
3-303 

O-.X1.) 

3-30., 
(> O' •. 

' ; ' i.j 
j O—Ou* * 

8-300 
3-:10 \ 
3-30', 
3-300 

3-304 

3-30- 

3-:105 
3-305 

■ 

' 



TABLE OF CONTENTS (continued) 

Title Paragraph 

4. 
4.1 
4.1.1 
4.1.2 
4.1.3 
4.1.3.1 
4.1.4 
4.1.5 
4.1.6 
4.1.6.1 
4.2 
4.2.1 
4.2.1.1 
4.2.1.2 
4.2.1.3 
4.2.2 
4.3 
4.3.1 
4.3.2 
4.3.3 
4.3.4 
4.3.4.1 
4.3.4.2 
4.3.4.3 
4.3.4.4 

4.4.1 

SECTION 4 
QUALITY ASSURANCE PROVISIONS 

Quality Assurance Provisions 
Design Qualification Tests 

Unit Tests 
Subsystem Tests 
System Tests 

Confidence/Stability Test 
Reliability Tests 
Maintainability Tests 
Environmental Tests 

Type Tests 
Production Tests 

Factory Tests 
Factory Inspection 
Incoming Inspection 
Unit Inspection 

Site Tests 
Test Conduct 

General 
Test Procedures 
Test Reports 
Failure Accountability 

Failure Recording and Reporting 
Additional Tests 
Problem Areas 
Equipment Module or Subsystem 

Modification 
Test Plan(s) Content 

5. 
SECTION 5 

PREPARATION FOR DELIVERY 

Preparation for Delivery 

SECTION 6 
LIST OF ABBREVIATIONS AND ACRONYMS 

6. List of Abbreviations and Acronyms 



TABLE OF CONTENTS (continued) 

Title 

APPEMJTX A 
RADAR DATA ACQUISITION SUBSYSTEM 

DESIGN SPECIFICATIONS 

APPENDIX B 
AN APPROACH TO 

DUAL AUGMENTED RBTL DESIGN 

Page 

B-l 



Figure 

3-1 

3-2 

3-3 

3-4 

3-5 
3-6 
3-7 
3-8 
3-9 
3-10 
3-11 
3-12 
3-13 
3-14 
3-15 

3-16 

3-17 
3-18 
3-19 
3-20 
3-21 
3-22 
3-23 
3-24 
3-25 

3-26 
3-27 
3-28 
3-29 
3-30 
3-31 
3-32 

3-33 
3-34 
3-35 
3-36 

. ... . 

LIST OF FIGURES 

Title 

Simplified Block Diagram of Aubmented 
RBTL System 

Basic ARBTL Data Processing System 
Configuration 

Beacon Data Acquisition Subsystem 
Configuration 

Data Entry and Display Subsystem 
Configuration 

Combined Beacon/Radar Processing Flow 
Augmented RBTL General Configuration 
Operational Progrm Data Flow and Control 
Popup Query List Table 
Lattice Description Table (IDT) 
Post Task Pointer Table (PTP) 
Cycle Table (CT) 
Format of Data in Single Sweep 
Radar Input Store Design 
Command Word Formats 
Format for Zone Control Data in One 32 

ACP Sector 3 
Clutter Map Store (2 MAPS - one for QS2 

and one for QS3) 
RTQC Range and Azimuth Words 
Radar In Process Mask Table 
Radar Record Store 
Radar Report Store 
Beacon Input Store, IBA1X 
Beacon Input Process Flow 
Track Present Map, TPMT 
Beacon Record Store, RECA1X and RECB1X 
Beacon Record Word Formats (In-Process 

Storage) 
Beacon Report Store 
Beacon Replay Word Formats (Input from BOAS) 
Radar Report Store 
Beacon Report Stores 
Target Report Store 
Target Sector Data 
Keyboard Input Processing Design Block 

Diagram 
Area Mapping Function Design 
Video Select History Table, HVST 
Clutter Mapping History Display (Example) 
Display/Keyboard Input Data Words 

xiii 

3-61 

3-70 
3-80 
3-84 
3-85 
3-87 
3-92 
3-93 
3-96 
3-98 

3-99 
3-100 
3-103 
3-106 
3-109 
3-110 
3-111 

3-126 
3-155 
3-157 
3-159 
3-162 

.üJütautaia áiaáàtbfc..■. - 



LIST OF FIGURES (continued) 

Figure 

3-37 
3-38 

3-39 
3-40 
3-41 
3-42 
3-43 
3-44 
3-45 
3-46 
3-47 
3-38 
3-49 
3-50 
3-51 

3-52 
3-53 
3-54 
3-55 
3-56 
3-57 
3-58 

3-59 
3-60 
3-61 
3-62 
3-63 
3-64 
3-65 
3-66 
3-67 
3-68 

Title Page 

Report Address Table and Index 3-205 
Beacon Only Table (BOT) and Radar Only 

Table (ROT) 3-207 
Tracked Command Chain List (TCL) 3-219 
Tabular Index Table (TABIT) 3-224 
Leader Orientation 3-227 
Target Report Store 3-241 
Sector Access Store 3-242 
Sector Time Store 3-243 
Central Track Store 3-244 
Console Typewriter Print Request Tables 3-255 
Type 1: Keyboard Parameters and Flags 3-258 
Type 2: Keyboard Identified Targets 3-263 
Type 3: Display Console Parameters and Flags 3-264 
|ype 4: Preview Data (One per Controller) 3-267 
Type 5: Fixed Command Chain List (One 

per Display) 3-268 
Type 6: System Data A and B Words 3-271 
Type 7: Selected Code Buffer (one per display) 3-271 
Type 8: Display Information Table 3-273 
Common Active Track Buffer (CATB) 3-277 
Selected Code Table 3-278 
Tabular Track index Table 3-279 
Track Number Pointer Table and Sector Summary 

Store 3-281 
Temporary Flight Plan Store (TS) 3-283 
VFR/IFR Code Table 3-284 
Time, Altimeter Setting, and ATIS/GSI (TAST) 3-285 
EM/RF (EMRFT), HJ(HJT), SA(SAT) 3-285 
Memory Readout (ERMAT) 3-285 
Beacon Report Store (REPRiT) 3-286 
Track Present Map (TPMT) 3-288 
Radar Report Store (RRS1T) 3-289 
Radar Detection Map (RDMT) 3-290 
Flight Plan Format on Magnetic Tape 3-294 

* 



LIST OF TABLES 

Table 

3-1 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 
3-8 
3-9 
3-10 
3-11 
3-12 
3-13 
3-14 
3-15 
3-16 
3-17 
3-18 
3-19 
3-20 
3-21 
3-22 
3-23 
3-24 

3-25 
3-26 
3-27 
3-28 

Title 

Summary List of Interface Data 
I0P Input/Output Channel Assignment 
RDAS Malfunction Alarms 
Radar Input Processing Parameters 
Beacon Detection Parameters 
Beacon Counter, Flags, and Storage 
Beacon Radar Correlation Pa* meters 
Keyboard Input Messages 
Keyboard (Operating Position) Status 
Keyboard Input System Parameters 
Summary of ARTCC/ART III Communication 
Interfacility Message Fields 
Interfacility System Parameters 
Firmness Limit Table 
Smoothing Parameter Table 
Firmness Table 
Primary Error Parameter Table 
Qualifying Score Parameter Table 
Tracking System Parameters 
Display Output Buffers 
Display Output System Parameters 
Alarm Printouts 
System Timeout Parameters 
Magnetic Tape Flight Plan input Parameter 

Table 
Data Base Utilization Summary 
Program Storage 
Data Base 
Program Time Estimates 

Page 

3-15 
3-35 
3-73 
3-82 
3-95 
3-102 
3-108 
3-115 
3-142 
3-163 
3-165 
3-166 
3-177 
3-179 
3-195 
3-199 
3-201 
3-204 
3-209 
3-220 
3-225 
3-229 
3-239 

3-295 
3-296 
3-297 
3-298 
3-299 



■«{■Il II MH II. U . .. I HI. 1111 ......-T— - 

J, SCOPE 

This specification sets forth the requirements for the expansion of the ARTS 
III Beacon Tracking Level ÍBTL) system to a fully integrated radar and beacon 
tracking level system. The expanded system is designated the Augmented Radar 
Beacon Tracking Level (RBTL) system. The system retains the modularity and 
expandability features of the ARTS III system. All other ARTS III features, 
such as the processing and display of beacon-derived data, are also retained, 
in addition, the following features are provided : 

a) Automatic reporting and tracking of all beacon and non-beacon 
equipped aircraft 

b) Improved techniques for radar and beacon tracking 
cl Improved controller-computer interface. 

Contained within this specification are the system requirements for the addi¬ 
tion of the above features to the ARTS III single beacon system. These require¬ 
ments include hardware, software, installation, testing, reliability, and main¬ 
tainability. An approach to the expansion of the dual beacon ARTS III to a 
dual Augmented RBTL is provided as an appendix. 

The additional hardware items required for the Augmented RBTL system are the 
following; one Input Output Processor (IOP), lt>K core memory, and a Radar 
Data Acquisition Subsystem (RUAS), The IOP and core memory are additions to 
the Data Processing Subsystem (OPS) of the ARTS III. 

The ROAS produces quantized target video in serial binary form, accumulates 
it into 30-bit, words, and parallel transfers these words to the OPS memory 
via IOP control. In addition, the ROAS transfers clutter information to the 
OPS in 30-bit words and receives command and zone control words from the OPS. 

Software requirements for the expanded system include modifications and add¬ 
itions to the ARTS 111 operational program, utility programs, maintenance and 
diagnostic programs, and system test program. Modifications to the operational 
program are required in the tracking and display areas. The principal addi¬ 
tion to the operational program is a radar processing module. 

The modifications in the tracking area of the operational program are required 
to incorporate several improved radar and beacon tracking techniques. Among 
these are the following: automatic initiation, tracking and termination of 
all aircraft; enhanced cross-referencing; and track-oriented smoothing. 

Modifications in the display area bring about a more efficient and convenient 
controller-computer interface. Two specific modifications in this area are 
the incorporation of "prime" functions which eliminate redundant keyboard 
entries and the incorporation of automatic handoff capability. 

The add-on radar processing module performs radar target detection, combines 
radar and beacon reports received from the same aircraft, and dynamically con¬ 
trols the RUAS to enhance its performance. 



.. 

1. (continued) 

The radar processing, beacon processing and radar/beacon correlation functions 
are performed in one IOP, whereas the tracking and display functions are per¬ 
formed in a second IOP. 

A detailed hardware specification for the RDAS is included as an appendix to 
this document . 

This specification is submitted to fulfill the requirements of 3.3.2.1.5 of 
the ARTS Enhancement Statement of Work, dated 1 April 1971, Modification 19. 
FAA-TD/S-12U-0O1 is applicable to the extent that compliance with this docu¬ 
ment accomplishes the purpose of the ARTS enhancement contract. Where FAA-TD/S- 
120-001 is not applicable, the designers of equipment are guided by the con¬ 
tract for ARTS III Equipment (DOT FA-69WA-2071). 

-. •- , . -.s.. . . ....... .:,.7- , . 
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2. APPLICABLE UOCHJMEfflS 

2.1 FAA Documents.- The following FAA specifications and standards of the 
issues specified in the invitation for bids or request for proposals form a 
part of this specification, and are applicable to the extent specified herein. 

2.1.1 FAA Specifications.- 

FAA-D-630 

FAA-C-210U/1 

FAA-G-2100/3 

F AA-G-2100/4 

Instruction Books, Electronic Equipment 

Electronic Equipment, General Require¬ 
ments; Part 1, General Requirements for 
All Equipments 

Part 3, Requirements for Equipments 
Employing Semiconductor Devices 

Part 4, Requirements for Equipments 
Employing Printed Wiring Techniques 

FAA~TI)/S-120-801A System Technical Description and Specifi¬ 
cation for a Modularly Expandable ARTS III 
(Tracon'T”) Beacon Tracking Level Syston 

2.2 Military Publication.- The following Military publication of the issue in 
effect on the date of the invitation for bids or request for proposals forms 
a part of this specification and is applicable to the extent specified herein. 

MIL-E-17555 Electronic and Electrical Equipment 
and Associated Repair Parts, Prepara¬ 
tion for Delivery of 

2.3 Other Publications.- The following publications, of the issue in effect 
on the date of the invitation for bids or request for proposal, form a part of 
this specification and are applicable to the extent specified herein. 

2.3.1 Sperry Uni vac Documents.- 

PX 0213 

PX 3895 

PX 5096 

General System Manual for ARTS III Beacon 
Tracking Level System 

Technical iiianual for ARTS III Data Processing 
Subsystem 

Technical Manual for ARTS III Data Processing 
Subsystem Input/Output Processor 
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2.3.1 (continued) 

PX 5097 

PX 5898 

PX 5899 

PX 60*17 

PX 6105 

PX 6196 

Technical Manual for ARTS 111 Data Processing 
Subsystem Memory 

Technical Manual for ARTS 111 Data Processing 
Subsystem, Power Supply 

Technical Manual for ARTS III Data Processing 
Subsystem, Peripheral Adapter Module 

ARTS III Coding Specifications for the Modular 
Automated Terminal Air Traffic Control System 

ARTS III IOP Diagnostic Manual 

User's Manual for ARTS Ill Support Software 

2.3.2 Texas Instrument Documents.- 

Instruction Book for ARTS III Data Entry Display Subsystem 
(Volumes 1, 2, 3) 

!.3.3 Burroughs Documents.- 

Technical Manual for 
(Volumes 1, 2, 3 and 

ARTS 
4) 

III Data Acquisition Subsystem 

(Copies of this specification and other applicable FAA specifications, stan¬ 
dards, and drawings may be obtained from the Contracting Officer in the Federal 
Aviation Administration Office issuing the invitation for bids or request for 
proposals. Requests should fully identify material desired, i.e., specifica¬ 
tion, standard, amendment, and drawing numbers and dates. Requests should 
cite the invitation for bids, request for proposals, or the contract involved, 
or other use to be made of the requested material). 

(Single copies of Military specifications and standards may be obtained from 
Federal Aviation Administration, Washington, D.C., 20590, attention: Contract¬ 
ing Officer. Requests should cite the invitation for bids, request for pro¬ 
posals, or contract for which the material is needed. Mail requests, if found 
acceptable, will be forwarded to a military supply depot for filling; hence, 
ample time should be allowed.) 

(Industrial publications listed are available at Federal Aviation Administra¬ 
tion headquarters.) 
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3. RggUIRJEMENTS 

3.1 Extent of Work. 

3.1,1 Equipment and Services to be Furnished by the Contractor.- The contract¬ 
or shall provide all necessary services and materials to design, fabricate, 
test, deliver, install, and integrate the add-on hardware and software required 
by this specification to expand the ARTS III system to the Augmented RBTL 
system. The equipment and services shall be provided in the quantities and at 
the time required by the contract. Also included shall be equipment unit and 
subsystem interconnections, testing, and demonstration of the ability of the 
expanded system to meet specified system performance requirements. In addi¬ 
tion, the contractor shall provide all necessary services and material to 
prepare, reproduce, and provide reports, computer programs, and documentation 
as specified herein. 

The expanded system shall retain all features of the ARTS III system. In ad¬ 
dition, it shall provide for the tracking and display of primary radar targets, 
the enhancement of beacon tracking through the use of the radar data, improved 
tracking techniques, and improved controller-computer interface. 

3.1.2 Summary of Contractor-Furnished Equipment and Services.- All equipment 
shall be delivered and installed by the contractor at the locations specified 
by the Government, All necessary facilities, parts, and hardware, including 
system/subsystem grounding plates, receptacles, connectors, cabling, wiring 
adapters, and outlets, except the GFE (Government Furnished Equipment) items 
identified in 3,1.3, shall be incorporated to enable the components of the 
add-on subsystem to be properly assembled, interconnected, and installed as 
required herein. The following is a summary of equipment and services to be 
provided by the contractor: 

a) 
b) 
c) 
d) 

e. 
f) 
g> 

Expansion of DPS by one IOP and 16K core memory (3.3.2.1) 
UPAS hardware (3.3.4.1.12 and Appendix A) 
Hadar processing software (3.3.4.2.4 and 3.3.4.2.6) 
Modifications to operational software (3.3.4.2.3, 3.3.4.2.5, 
3,3,4.2,7, 3.3.4.2.9, 3.3.4.2.10, 3.3.4.2.13, 3.3.4.2.14) 

em Acceptance Testing (3.6) 
Duality Assurance Testing (4,) 
Interconnecting cables and wiring (see paragraph below). 

All cables and bridging equipment connecting radar video, radar trigger, 
Azimuth Change Pulse (AGP) and Azimuth Reference Pulse (ARP) signals from 
the GFE common equipment to the Radar Video Digitizer (RVD) will be furnished 
and installed by the contractor. All wiring shall meet the requirements of 
Specification FAA-E-1217C. 
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ikiiü Governmonl-Furnished tduipmenl (GFK) and Services.- The Government will 
provide or install, or both, where applicable: 

a) GIE ARIS 111 system including data processing, data entry, and 
display and beacon data acquisition subsystems, together with 
interconnecting cables 

b) GFE common equipment 
c) All modifications required to Government buildings 
d) Any additional air conditioning capability that may be 

required to maintain the environment conditions specified 
in FAA-TD/S-120-001A 

e) Space for the RDAS in the ARTS III equipment cabinet room 
f) AC power outlet in the equipment cabinet room with size of 

circuit breaker to be specified by the contractor 
g) Any additional cable support or ducting required between 

GFE common equipment and RDAS 
h) All modifications to Government-furnished radar equipment 

required to provide non-integrated normal and MTI video 
signals for the RDAS. This includes conduit and cabling 
between radar site and GFE demarcation junction box, 
and between junction box and common equipment 

i) Any additional AC power duct, conduit, or other appropriate 
cable support and power cable between CEE power panel and RDAS 

jt furnish and install all grounding wires from signal reference 
plates to RDAS. The contractor will be responsible for any 
changes required to the ARTS III grounding system necessitated 
by the addition of the RDAS to the ARTS system 

k) All necessary AC power connectors and receptacles necessary 
to interface the contractor-furnished RDAS and the GFE AC 
power cable. The contractor shall furnish mating connectors 
and receptacles necessary to connect power cable to RDAS. 

Within 60 days after contract award, contractor shall advise the recommended 
size of circuit breaker, primary power requirements, and additional duct work 
io be i urn i shell an 1 installed by the Government. 

jhe proposal shall contain estimates of space, power, and additional air con¬ 
ditioning requirements for the addition of the RDAS to the ARTS 111 system. 

T.2 Definitions.- 

Iralfic Control Center (ARTCC).- An air traffic control facility 
which provides air traffic control services to all aircraft operating under 
Instrument flight Rules (1FR) within controlled airspace, principally during 
the enroule phase of flight 

--at‘‘iL-Rjidar ierminal System (ARTS).- A computerized air traffic control 
system which provides terminal area controllers with PPI (Planned Position 
Indicator) displayed alphanumeric data for use in controlling transponder- 
equipped aircraft 
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Hadar Data Acquisition Subsystem (RDAS).- The hardware subsystem which receives 
broadband radar video, digitizes it, and transfers the hits to the DPS. The 
HDAS receives control information from the DPS. 

1.1 ARTS f 11 System Description.- The ARTS III single beacon system con¬ 
sists of the three hardware modules: the BDAS, the DPS, and the DEDS. The 
ARTS III system contains the following software modules: Beacon Processing, 
Tracking, and Display Processing. 

< 

3.2 (continued) 

Airport Surveillance Radar (ASR).- A short range (60nm) radar system used to 
maintain control of air traffic within a 30 mile radius of an airport 

Augmented Radar Beacon Tracking Level System (RBTL)■- An automated air traffic 
control system which retains the ARTS features but in addition provides improv¬ 
ed tracking and display of alphanumeric data on non-beacon equipped aircraft 

Beacon Data Acquisition Subsystem (BDAS).- The subsystem of the Augmented Radar 
Beacon Tracking Level system which receives broadband beacon video and trans¬ 
mits target replies, range, azimuth, and mode data to the data processing sub¬ 
system in the form of digital messages 

Data Acquisition Subsystem (DAS).- The term used in the ARTS system for what 
is called the Bins in the Augmented RBTL system 

Data Ernry and Display Subsystem (PEPS).- The subsystem in the Augmented RBTL 
system which provides the capability of manually entering data inputs to the 
system and of receiving display information from the data processing subsystem 

Data Processing Subsystem (DPS).• 
of the Augmented RBTL system 

The computer, memory, and peripheral modules 

3.3 Lijuipmerit Makeup and Functional Requirements.- 

3.3,1 General System Description.- The Augmented RBTL system expands the ARTS 
111 system to provide the capability of reporting and tracking non-beacon 
equipped aircraft. To accomplish this, radar processing hardware aid software 
are added and the ARTS III tracking program is upgraded to make appropriate 
use of the radar data available. In addition, the keyboard and display pro¬ 
grams are modified to improve and simplify controller-computer interface. A 
block diagram of the Augmented RBTL system is contained in figure 3-1. A 
broken line encloses those hardware and software modules which are add-ons 
to the ARTS III system, A dotted line encloses the ARTS III software modules 
which undergo modification. A general description of the way in which the 
ARTS HI system is upgraded to the Augmented RBTL system is contained in the 
follow!ng paragraphs. 
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3.3.1.1 (cuntinuod) 

The BUAS (usually called the DAS in the ARTS ill documentation) receives 
beacon video and triggers from the Air Traffic Control Beacon Interrogator 
(ATCBI) and azimuth information from the Azimuth Pulse Generator (APG). The 
beacon signals are digitized and decoded and beacon replies are sent to the 
UPS together with the range, azimuth, and reply code. 

In the ARTS 111 system, the UPS consists of one computer called an IOP, 
lb-24K memory, and several input/output devices and controllers. 

The DEUS provides for the display of analog beacon and radar video together 
with computer derived alphanumeric information. In addition, the DEUS provides 
a means for manual input of information to the UPS via keyboard or trackball 
entry. 

The beacon processing software within the ARTS III system performs sweep-to- 
sweep correlation of beacon replies in order to declare beacon targets. The 
beacon processing software also performs reliability checks on beacon code 
information. 

Beacon reports declared by the ARTS beacon processing software become input for 
tracking. The function of tracking is to create and maintain files containing 
report information on controlled aircraft. The tracking software uses the 
report data to compute velocity and to associate aircraft identity tags with 
the appropriate aircraft. 

The display software interfaces with the UEDS, making available for display 
the aircraft, information being generated by the tracking software. The dis¬ 
play software also interprets and processes the keyboard and trackball informa¬ 
tion which is entered from the UEDS. 

3.3.1.2 Additions to the ARTS III System.- The hardware additions to the ARTS 
III system which are required to upgrade it to the Augmented RBTL system are an 
RUAS, one additional IOP, and 16K additional core memory. The software add-ons 
are a radar processing module and a beacon radar correlation module. 

The RUAS receives broadband radar video and triggers from the ASR and azimuth 
;nformation from the APG. The RUAS converts the analog signal to digital and 
iransmiis the hit data to the UPS together with azimuth information. 

The additional IOP and memory is added to the ARTS III UPS in order to perform 
the radar processing and beacon/radar correlation function. The beacon pro¬ 
cessing function is also assigned to the add-on IOP in order to make more 
efficient use of processing capability. 

The radar processing software detects radar targets by performing sweep-to- 
sweep integration of the binary bit dala received from the RUAS. This module 
also contains the software which dynamically controls the performance of the 
RUAS by feeding back command and control words. 



3.3.1.2 (continued) 

lhe radar targets declared by radar processing are correlated with beacon 
targets by the beacon/radar correlation software. The beacon radar correla¬ 
tion routine is designed to insure that only beacon and radar returns from 
the same aircraft are correlated. 

Modifications to the ARTS III Software.- Software modifications 
are required to the tracking and display modules to upgrade the ARTS III sys¬ 
tem to the Augmented RBTL system. 

lhe AR1S III tracking logic is modified to introduce improved tracking techni- 
ques. The augmented RBTL system has available both radar and beacon reports. 
Much o1 the redesign of the ARTS tracker is based on the desire to use radar 
and beacon data in an appropriate fashion. To the existing cross-referencing 
scheme is added a qualifying scoring to reflect the relationship of all tracks 
to their associated radar/beacon reports. Automatic initiation and tracking 
ol all targets is performed. The resolution of ambiguous situations by the 
correlation algorithm is enhanced through the use of the qualifying score 
which exists for all track-target combinations. When an ambiguous situation 
cannot be resolved by qualifying score alone, deviation scoring is attempted 
in some cases to determine which target or targets (radar/beacõn combination) 
is the correct one for correlation. After a target has been selected by 
correlation, track-oriented smoothing is performed on the track's velocity 
and position. Track-oriented smoothing basically involves smoothing in a‘ 
rotated system, along the track's estimated direction, while preserving the use 
o or<Itnary X. 1 coordinates for its implementation. After correlation and 
smoothing have been performed, the track is predicted to its next scan posi- 
tion. If this position is in a predesignated handoff area and is eligible fur 
handoll, it is automatically handed off to a specific controller. All targets 
no! os'* ! by tracking are eligible for automatic initiation. When an unused 
target, has passed the required criteria, an unused track slo* is created; and 
positiona] tracking of the target commences. 

i:ie ke/.ioard^input area of display processing is changed to incorporate the 
uüJ.'U'-n oí "prime” functions. These prime functions allow the controller to 
mala certain keyboard entries without having to first depress the specific 
t une t i or: key on his keyboard. The elimination of this requirement, together 

Ll:e lact that identity data-primarily trackball coordinates-would be the 
. / 'l-ited controller entry, reduces the data entry load on the controller 
one ajlows him to better perform his primary task of monitoring traffic. 

■ hedísplay output portion of display processing is changed to incorporate the 
aspia) 1 botli controlled targets (those tracks that have specific flight 
pl.e. oi on i roller-entered identity data! and uncontrolled targets (those 
uno ,ed targets that were automatically initiated by tracking). The controlled 
tracks are displayed in the usual format, i.e., ACID*, altitude, and speed. 
;'u ' ' , l1 tracks are filtered for each display bast'd on the particular 
niter selection for that display. 

(Aircraft Identification) 
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ü.3,2 Syst em Omani ¿at ion.- The Augmented KB'Ji. system is designed as a 
singl e b e a c o n / s i ng 1 e radar configuration. It is comprised of t ht' following 
four hardware subsystems: 

aJ DPS 
b) BOAS 
c) RIJAS 
d) DEBS 

The design lakes into account the future possibility of upgrading to a Level 
1 Redundant system. This particularly applies with respect to the RDAS compu¬ 
te? r interface. 

The following paragraphs describe the Augmented RBTL hardware subsystems. 

3.3.2.1 Data Processing Subsystem.- The DPS consists of the following major 
modules (see figure 3-2): 

a ) I DPs 
b1 Memory modules 
c) Peripheral adapter module 
d) Magnetic tape handler 
e) Two console typewriters. 

The BPS configuration for the Augmented RBTL system includes at least two 
IOPs, two 16,304 word memory modules, and one D,192 word memory module. 

The IOP combines the functions of an I/O multiplexer and a data processing unit. 
The number of I/O channels varies from 8 to 16, depending on the site complement 
of display consoles. One group of four channels is configured for intra-cab¬ 
inet application to accommodate the magnetic tape, console typewriter, inter¬ 
facility adapter, and BDAS, with word lengths to match the requirements of each 
d||Ílif: The remainder of the channels have a 30-bit word length and are 
capable of operation with external cables. These are used for the display 
consoles, IDAS, and, other external equipment. The characteristics of the 
IOP are described in "Technical Manual for the ARTS III Bata Processing Sub¬ 
system, Input/Output Processor." 

A memory module has either 8,192 words or 16,384 words. Word length is 30 
data bits plus two parity bits. Memory cycle time (with one access port) 
is 750 nanoseconds (nsec). A memory module can be equipped with 1, 2, or 4 
access ports and the associated access priority circuitry. Systems requiring 
further access port expansion utilize a centralized memory access module. The 
characteristics of the memory module are described in detail in "Technical 
Manual for ARTS HI Bata Processing System, Memory." 

I he BPS peripheral equipment consists of a magnetic tape handler, a console 
typewriter, ami a Peripheral Adapter Module (PAM) which contains: 1) a magne¬ 
tic tape control unit; 2) a console typewriter adapter; and 3) an interfacility 
communication adapter (if required) for communication with an ARTCC. This 
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3.3.2,1 (coniin ned ) 

equipment is described in detail in "Technical Manual for ARTS Hi Data 
Processing Subsystem, Peripheral Adapter Module." 

For the Augmented RBTL system, the data processing and input/output require¬ 
ments are satisfied by configuring the DPS with two lOPs and two 16,384 and 

8,192 word memory banks. Figure 3-2 illustrates this DPS configuration, one 

The standard functional modules (Central Processor Unit (CPU), IOP, memory) are 
designed with a common physical size and form factor for system packaging con¬ 
venience. For the Augmented ARTS III, the DPS is packaged in two cabinet 
sections. One section, (processor cabinet) is capable of housing four stan¬ 
dard modules; two of these can be IOP modules. The second section (peripheral 
equipment cabinet) houses the PAM, the magnetic tape handler, and BDAS card 
assembly. 

if additional data processing capabilities are required, the DPS described 
above is supplemented with UNISERVO VIC magnetic tape units and a UNIVAC 9300 
card processor. 

3.3.2 Beacon Data Acquisition Subsystem.- The BDAS accepts broadband beacon 
replies and converts them into digital form suitable for further processing by 
the DPS. Refer lo figures 3-2 and 3-3. It should be noted that the BDAS does 
not provide a target detection function (sweep-to-sweep correlation of replies) 
but that this function is performed by software within the DPS. 

An electronics unit (BDAS card rack assembly) comprising the Beacon Reply 
Group (BRG) and the Azimuth, Range, and Timing Group (ARTG) is located in the 
ARTS III equipment room, where it is mounted in the DPS peripheral equipment 
cabinet. A separate beacon control unit (control box) is located in the ARTS 
HI operations area. An APG is located at the radar site where it is mounted 
o n the r ada r ant e n n a pedestai. 

The ARTG receives antenna rotation signals from the APG and beacon pretriggers 
and mode triggers from the Air Traffic Control Radar Beacon System (ATCRBS) 
equipment. These signals are used to control range and azimuth counters with¬ 
in the ARTG which then provide range, azimuth, and mode information to the BRG 

The BRG receives the beacon video signal, quantizes it, and feeds it into a 
high-speed shift register which detects bracket pulses and samples the data 
pulses in a serial manner. Each reply is tested for the presence of garble 
conditions. Overlapped, interleaved, and closely-spaced replies are resolved 
by the BRG logic. 

The BDAS includes a line compensator and trigger separator which permits the 
BDAS to interface directly with the beacon interrogator site equipment; an 
analog channel, which provides partially-decoded video outputs to the DEDS; 
and a control box for remote control of the beacon interrogator. These fea¬ 
tures permit ARTS HI to operate independently of the existing beacon inter¬ 
rogator site equipment. 
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3.3,2,2 (continued) 

'nie BOAS requires one 30-bit UPS input channel. It transmits three types of 
messages to the UPS. At pretrigger time, the BUAS transmits an interrupt 
message to the UPS containing a sector pulse bit and a staggered pulse repeti¬ 
tion frequency (PRF) sequence bit. At mode trigger time, prior to each sweep, 
the BUAS transmits a message containing the azimuth count and interrogation 
mode. Then, for each reply detected during the sweep, the BUAS transmits a 
message containing the beacon code as well as a count which indicates the 
range at which the reply was detected. Azimuth is reported with a quantiza¬ 
tion of 0.086 degrees; range is reported with a quantization of 1/16 nautical 
mile (nm). 

.. Oat a Kntry and Uisplay Subsystem.- The OPUS provides the man/machine 
interface between the air traffic controllers and the ARTS III automation 
equipment. Refer to figure 3-4. The UEUS includes manual input devices to 
permit the controller to enter flight data into the OPS as well as to request 
and control the display of alphanumeric data. The UEUS also includes Cathode 
Ray Tube (CRT) display devices which present the controller with conventional 
radar and beacon sensor video supplemented with UPS controlled alphanumeric 
data. 

Alphanumeric data is displayed at the aircraft position for tracked aircraft 
and untracked aircraft. Data pertaining to pending arrivals, proposed depart¬ 
ures, and coasting (or suspended) tracks appear in a tabular list. Special 
blinking displays are used to indicate emergency and radio failure conditions. 
A display area associated with each data entry set displays time-of-day, cur-* 
rent altimeter setting, and a preview of keyboard-entered information. 

Two different types of displays are provided in ARTS III: Type I, a vertical 
display; and Type II, a horizontal display. The Type I and II displays are 
functionally identical; they differ only in mechanical configuration. The 
displays provide a 22-inch diameter composite presentation of broadband radar/ 
beacon PPJ video and computer-generated alphanumeric data with a maximum range 
oí 55 nm. I his is accomplished by a CRT time-sharing technique in which the 
alphanumeric display data is generated during radar dead time. Each display 
requires one :JO-bit UPS input/output (I/O) channel. 

The speed of the character generation and deflection circuitry permits it to 
display the required amount of alphanumeric data utilizing the dead time peri¬ 
ods. lite output data rate of the UPS is adequate to permit six displays to be 
refreshed at the required rate with maximum required amount of alphanumeric 
d a t a. 

Where a system is equipped with more than six displays, the additional displays 
are limited to a range of 12 nm. The dead time between 42 and 55 nm. is used 
as a second time period for alphanumeric generation on these displays. 

Each data entry device consists of an alphanumeric keyboard, a quick-look se¬ 
lector switch, and position entry control. Each display console can accomo¬ 
date three data entry devices. The UPS periodically receives, via an input 
channel , responses from the data entry setts) associated with that console. 

3-11 
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1 he keyboard is used by the controller to enter function commands and alpha¬ 
numeric flight data into the DPS. Feedback from the UPS to the CRT display 
will present the entered data in a preview area so that a data entry message 
can be composed and inspected for validity by the controller before it is 
acted upon by the UPS. The quick-look selector push buttons enable the con¬ 
troller to select and display the alphanumeric data pertaining to aircraft 
that are under the cognizance of a controller at another operating position. 
The display of quick-look data is performed under control of the UPS The 
position entry control is used to enter PP1 position coordinate information 
into the UPS. Ihis positional data is entered in conjunction with a keyboard 
message. It can specify the position of a track, of sensor video, or of an 
alphanumeric data item. Additional information is available in the "Technical 
Manual for the ARTS III Data Entry and Uisplay Subsystem," 

iyiaikL Ra(lar Uala Acguistion Subsystem.- The RUAS accepts basic timing in¬ 
formation and analog video from the Search Radar (ASRJ, From this information 
the RUAS extracts video hit, target predetection, weather correlation, and 
clutter data. The RUAS accepts control and command words from the IOP and 
employs the parameters contained in these words to perform its functions. 

Each r 
weathe 
Video 
of the 
radar 
corro1 
dut te 
video 
clut.it 

adar sweep the RUAS transfers the video hit, target predetect ion, azimuth 
r correlation, and clutter data to the I0P in 30-bit computer words, 
hit words represent the result of binary analog to digital conversion 
radar video. The target predetection word provides a pointer to the 

detection software indicating possible areas of targets. The weather 
alion words measure the degree of azimuth correlation in the weather 
r areas. The clutter words contain information derived from normal radar 
indicating the areas within the surveillance where light or heavy weather 
r is present. 

Ihe RUAS contains 3 quantizers. One uses a long time constant integration of 
video hits to derive a threshold which is used to quantize (linear or logt 
normal video clear areas. The second quantizer employs a rank order adaptive 
threshold technique to quantize normal video in light’weather clutter areas 
A third quantizer similar to the second is used for Moving Target Indicator* 
(ÏÏIT) video in heavy clutter areas. The RUAS contains internal circuitry 
which senses MIT limiting and automatically switches to the second quantizer 
in these regions. The internal switching to the second quantizer is inhibited 
m ground clutter regions. The selection of quantizers (equivalently the 
selection of videos) is under IOP control. 

Ihe predetection of targets and the measurement of weather correlation is per¬ 
formed in the RUAS by a 4-bit sequential counter. The counter updates a sum 
tor every range cell. The sum is a measure of hit density in azimuth. 

Additional information on the RUAS is available in "Appendix A, Uesign Spec¬ 
ification: Radar Uata Acquistion Subsystem." 
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3.3>3 EtiuipiiHMil inlerl'aces»- Certain signals depend on the corap 1 eme ni oí a 
particular site. Interface data for a typical single radar/beacon system arc 
given below. For a dual radar/beacon system, the interface data is dupl iente<i 
for each radar/beacon system. Additional site variations include: 

a) Microwave relay link instead of land line remoting at some sit< s 
b) Lack of interfacility communication line and modern at some sit- 

Table 3-1 contains a summary of the interface signals including signal nam- 
source, destination, cable information, signal electrical characteristics 
and impedance data. 

Table 3-2 contains the DPS input/output channel assignment. 
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TABLK 3-2. IUP INPIJT/OfJTPM CUANNKl, ASSIGNMEOT 

JOP-1 

IOP Channel 
Number Peripheral Equipment of Subsystem 

He lative 
Priori ! y 

0 
1 

0 
7 

8 
9 

10 
11 

12 
18 
14 

Interfacility Comm. Adapter 
Magnetic Tape Unit 
Console Typewriter Adapter 

Intracabinet 
Channels 

DEOS Console (or UNISERVO VI C, if appl.l 
DEOS Console (or 9300 Proce'-sor, if appl.) 

DEDS Consoles (as required by site) 

Highest 

Lowes I 

IOP-2 

0 
1 

6 
7 

8 
9 

10 
11 

12 
13 
14 
15 

Beacon DAS (input only) 

Intracabinet 
Channels 

RUAS 
DEDS Consoles (as required by site) 

Highest 

Lowest 
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3.3.4 Subsystem Uescriptions ,- 

3.3.4.1 Hardware.- 

3.3,4.1.1 Existing ARTS Ill Hardware.- The data processing, beacon data 
acquistion, and data entry and display subsystems are described briefly in 
this document in sections 3.3.2.1, 3.3.2.2, and 3.3.2.3, respectively. For 
a more detailed treatment of these subsystems the reader is referred to the 
appropriate ARTS III technical manuals. 

3.3.4.1.2 Radar Data Acquisition Subsystem.- The RDAS is an add-on hardware 
subsystem to the ARTS III system. A brief functional description of this 
piece of equipment is contained in section 3.3.2.4 of this document. For more 
detail, the reader is referred to "Appendix A, Design Specification: Radar 
Data Acquistion Subsystem." 

3.3.4.2 Software 

3-3-4.3,1 id iroiiuc11on.- This section contains the operational computer pro¬ 
gram specification for the Augmented Radar/Beacon Tracking Level (RBTL) system. 
The functional requirements, programming requirements, and operational restric¬ 
tions are described. Where a specific method of implementing a functional 
requirement is given, or where a specific data base structure is shown, it has 
been provided as an illustration of a feasible approach; this does not, however, 
preclude the employment of a more desirable one. 

I he augmented RBTL operational program shall provide alphanumeric data to tin 
display subsystem. A tabular list containing line identification, aircraft 
identification, and symbolic representation of code assignment and status shall 
be associated with each controller position. Alphanumeric tags shall be pre¬ 
sented near the positions associated with the controlled aircraft. The tag 
includes aircraft identification, corrected reported altitude, and ground 

cd. Association shall be maintained through correlation with target data 3pe< 

received iront the BIJAS and the RDAS. The display presentation on the PPI 
shall also include symbology for controlled and uncontrolled tracks. Further 
mure, a relocatable keyboard input message "preview" area and a separate 
relocatable list for miscellaneous data shall be provided. The latter shall 
include current time, altimeter setting, emergency indicators, selected mode 
3/A codes for special untracked target symbology, and (by controller request) 
a readout of selected computer memory locations. 

itu- BUAS shall supply the computer with the digital beacon replies and sweep 
inlormation. The beacon target detection function of the operational program 
siuj] accept and process these replies. The processing shall consist of main¬ 
taining target records (that is, strings of replies within narrow range limits) 
Hi* o beacon records shall be kept until sufficient information is received to 
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:1.3.-1.LM Icont iiuk'iI) 

general.«' a beacon report or until the record can be eliminated due to lack of 
information. The beacon report shall consist of tanjet center azimuth, ramie, 
beacon code (if present), and altitude (if present). The report shall also 
contain amplifying information including a beacon quality indicator code, 
identity validity, altitude validity, and the Special Position Indicator (SPI) 
or a garble indicator. The report shall be inserted into the beacon report 
store for correlation with radar reports. 

The KDAS shall provide to the radar processing software the following infor¬ 
mation: video hit data, predetected target data, weather correlation data, and 
clutter data. The radar processing software shall use the predetected target 
data as a pointer into the video hit data and shall perform target detection. 
The radar target report shall consist of range, center azimuth, and report 
quai it y. 

The radar processing software will exercise control over the KDAS by monitoring 
its performance and sending back control information. The clutter data shall 
be used by the radar processing software to build up clutter maps enclosing 
both ground and weather clutter areas. The software will maintain two auto¬ 
matic maps and one manual map. One automatic map will enclose light clutter 
and the other will enclose heavy clutter. The manual map will enclose ground 
clutter. The radar processing software will call for the use by the ROAS of a 
rank quantizer operating on normal video in light clutter and a rank quantizer 
operating on Mil video in heavy clutter. The manual ground clutter map wi11 be 
used to call for the use of a rank quantizer operating on Mil video in the 
mapped area. The radar processing software shall use the weather correlation 
data received from the digitizer to regulate the performance of the KDAS in 
clutter areas. 

The beacon and radar reports belonging to the same target shall be merged 
into one report. The criteria for correlating a radar report with a beacon 
report shall be based upon the amount of separation between the two reports, 
in terms of range and azimuth. Figure 3-5 illustrates the flow of data 
through the beacon and radar processing functions. 

Airrraft identification shall be entered into the computer complex through 
keyboard entry devices, through the ARTCC communication link, and through 
the local magnetic tape unit. Keyboard messages represent the controller/ 
system interface. Keyboard messages directly related to air traffic control 
shall provide the capability to manually initiate and terminate tracks ot 
aircraft, to modify track data, to assign a track to a controller, and to 
initiate and accept aircraft handoffs. Other miscellaneous messages shall 
permit the controller to request and delete the presentation of untracked 
target information, to repostion alphanumeric information on the display, to 
enter information such as time and altitude setting, and to request special 
printouts at the console typewriter. The ARTCC communication link shall pro¬ 
vide the capability to automatically receive limited flight plan data and to 
initiate and accept aircraft handoffs between the ARTCC and ARTS III. 

'Hie operational program also provides for the automatic initiation of the 
tracking function, the automatic offset of alphanumeric tags to minimize for¬ 
mat overlap, and the automatic printout at the console typewriter of any alarm 
or error messages. 
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( con t i nui'd > 

may be ompjoyod providirn.i that all functional requirements are satisfied. 
F mure d-7 illustrates the operational program data flow and control. 

d.d.d.L!.,1. Fxt‘ci,a i vi,,- Funt ru,i.- The following paragraphs describe the require¬ 
ments, design, and data base of Executive Control. 

11,:). 1 Genera l Requi mnents .- The scheduler routine shall provide for 
the dispatch of program control to tasks within the operating system. Two 
types of queries shall exist within the scheduler: the popup query and the 
planned query. The popup query shall provide high priority entrance to tasks 
whir It are after iodic or for which excessive overhead would exist if they were 
placed 111 the planned query. The planned query shall provide a number of lat¬ 
tice frameworks in which tasks may be placed so that task entrance is dependent 
upon the prior completion of other tasks or the lapse of a given amount of 
time. Tasks may be scheduled as both a popup and a planned task. This fea¬ 
ture will permit a task to be scheduled periodically and yet still provide a 
fast réponse for critical functions. 

The executive shall also include an initialization (preset) routine a« well as 
the decision logic of task assignment. All interrupt routines (both internal 
and external) may be considered a part of the executive program. The execu- 
1 i ve .hall include a set of interrupt routines providing an automatic recovery 
capability in the event of a prime power failure; see figure ¡1-8. All other 
interrupt routines, because they may be associated with a single subprogram, 
have been described with the associated subprogram rather than with the exe¬ 
cutive. Consideration has been given in the design to the future upgrading 
to i fa il soft system. 

:.i.T.T.T.:t,2_l:ix( cut ive Design,- The following paragraphs describe the major 
sect ions of the ixecutive design. 

T.tl.J.t.popup Query.- The popup query algori thm shall allow for the 
execution of a task on the basis of a realtime clock value. The lime value 
must ii ■ provided to the popup scheduler in conjunct ion with the request for 
¡ask execution. The preamble for a task may contain both popup entrance and 
a planned entrance. Thus, the capability shall exist for any task to request 
Ibr execution of any other task (including itself) as long as the requested 
task has a valid popup entrance. The popup query algorithm shall be executed 
before the planned query algorithm. Thus, there will be two functional ele¬ 
ments in performing the popup query: 1) popup task request with associated 
time value, and 2) a scan of the popup task list. 

Kvery time the popup scan is performed, a check will be made to determine if 
Ute active popup request time value is greater than the realtime clock. If 
this is the case, no popup task will be performed. Otherwise, there will be 

1 ‘-c '■ •••••. it toady to bo executed by some processor. The task execution 
tirm- sub!able will then be searched, starting at the top of the list, for 
i t« ms (i.e.. Unie of execution) less than or equal to the realtime clock. The 
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.Subtablf 1 

■p* 

1 a s k n 

Sub table 2 Subtable 3 

Symbolic Name Task Execution Time Task link 

Task A 1ime for Task A 
1 r- 

t j p j pointer to Task A 
1 i preamble 

Task B iime for Task B t 1 p j pointer to Task B 
• preamble 

_1_l__ 

time for Task n [i j pointer to Task n 
j preamble 

wItere: i test and set field, and 
p eligible processor(si. 



3.3,4,2.3.2.i (continued) 

capability shall be provided for a task to request a popup task to be executed. 
Associated with this request must be a time value telling when the task shall 
be executed and the task's symbolic name. 

3.3,4.2.3.2.2 Planned Query.~ The planned task scheduling algorithm shall be 
a structure called a lattice, in which the completion of certain tasks shall 
enable subsequent tasks to be executed. All tasks shall have a field which 
shall designate processors eligible to execute the task. 

The following definitions are provided to aid the reader in the understanding 
of the subsequent discussion: 

• bat ti ce - A framework, consisting of tasks, that defines the 
interrelationship between planned tasks. Each lattice will start 
with one or more tasks which have no predecessors. These tasks 
will generally have successor tasks which can be performed when 
the predecessor tasks are completed. 

• Lattice Description Table (LUT) - A table that defines the lattices 
in terms of predecessor and successor tasks. An LOT record consists 
of the pointer to the task preamble store, the predecessor tasks, 
and the successor tasks for one task. 

• Lost Task Pointer (FTP) - A table that will contain the planned 
tasks which are currently eligible for execution. 

• byelf 7 A unique set of tasks that must be executed. Tasks exe¬ 
cuted in a cycle will be described by a unique lattice, 

• Cycle Table - A table that will consist of pointers to particular 
lattices in the IDT. In addition, this table will contain an 
index which will point to one of the items of the cycle table. 
I he number of items in this table will equal the number of cycles. 
Generally, there will be a one-to-one correspondence between cycle 
table items and lattices; however, it is the cycle table that 
orders the lattices, and therefore it is possible that two entries 
in the cycle table will point to the same lattice. 

The FTP table will be constructed in order to minimize searches and references 
to a lattice. Special manipulation of this table will be required, since an 
objective ol the planned scheduler will be to have no processor unique vari¬ 
ables. this feature will allow one processor to advance to a new lattice and 
later another processor to do a planned query in the new lattice without 
knowing that a cycle had been advanced. 

lask execution can begin when cycle initialization has been completed. The 
first available item in the FTP table shall be checked to determine if the 
processor performing the scheduler instructions is eligible to execute the 
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(continued) 

task. This shall be accomplished by determining whether the processor number 
corresponds to a set bit in the correct position of the processor field for 
he record in the LOT. if the processor is not eligible to execute the task, 

the search through the table shall be continued until a task is found or until 
the last item is reached. When an eligible task is found, the "in-progress" 
bits shall be set using a test and set instruction. The test and set will 
ensure that two processors do not attempt to execute the task when it is only 
scheduled once. The LOT item shall have a pointer to the task entrance add¬ 
ress table, 

When the planned task is completed, the task shall return control to the sche¬ 
duler. The scheduler shall remove the task from FTP table. The task record 
in the LOT shall be set "complete", and each of the post tasks shall be checked 
to determine if any tasks are eligible for execution (i.e., it shall be 
determined if all their pre tasks are complete). 

When a post task is found that is eligible for execution, the record shall be 
set "eligible" via a test and set type instruction, and it shall be moved to 
the PTP table. The test and set procedure shall ensure that one task is not 
put into the PTP table more than once. When all the post tasks have been 
checked for eligibility, a pass through planned task scheduler shall have been 
accomplished. If the PTP table is ever emptied, no subsequent planned tasks 
can be performed. 

After a task has been executed, the associated item in the PTP table shall 
point back to the LOT which must be updated to allow for further tasks to be 
performed. First, the LOT record shall be set "complete"; that is, the upper 
bit of the second word of the record shall be set. Next, it shall be deter¬ 
mined if the task just finished has satisfied the precedence condition for 
subsequent tasks. This shall be accomplished as follows: pointers to the 
LOT record for a task's post tasks shall be included in the task's LUT record. 
Thus, each of the post tasks shall be checked to determine if they are eligible 
for execution. This shall be accomplished by determining if the contents of 
the addresses in pre task items have their sign bits set. If they are all set, 
then the post task shall be eligible to be placed into the PTP table. The LOT 
item shall be set with a test and set instruction to ensure that a task will 
not be put into the PTP table twice. 

3.3.4,2.3,2.3 Preset.- The executive preset routine shall be referenced upon 
program start-up. Once executed, the preset routine may be destroyed, using 
this memory for data tables. The preset routine may be considered as a group 
of tasks required only for program start-up. The preset routine shall initia¬ 
lize all communication flags, tables, and buffer areas, and shall initiate the 
display input and output and the DAS inputs. Control shall then be transferred 
to the executive. The preset need not check the status of the peripheral 
equipment since the operational program provides these checks; for example, 
should a display channel be out, the operational program would immediately 
detect the failure and effect an alarm printout. 
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3.3.4.2.3.2.4 Power Failure Recovery.- Automatic recovery from a prime power 
failure shall be implemented in the following manner: a power tolerance in¬ 
terrupt shall be received when pote r drops below a tolerance level. An 
interrupt routine shall be provided to store all registers and to provide for 
orderly termination of all I/O activity. A minimum of 250 microseconds (usee) 
is available to perform this task. The interrupt routine shall then execute 
a jump instruction (f=61, j=0). This instruction cannot be executed below 
power tolerance (therefore can only be used as the last instruction in the pow¬ 
er tolerance interrupt routine) and the program shall hang until power rises 
above the first tolerance level. If power does return, the jump shall be 
executed. The I/O shall then be reinitiated and control will be returned to 
the interrupted task. During this time (an indefinite duration), the internal 
clock will continue to increment. 

If the power drops below a second tolerance level, the program shall not re¬ 
cover from the jump instruction; instead, a power restart interrupt shall be 
received when power is returned if the ALTO RESTART switch is selected. When 
the interrupt is received, reinitiate I/O and return control to the inter¬ 
rupted task. In this case, the internal clock shall not increment during the 
time the power is below the second tolerance level. Therefore, upon restart, 
the operator may be required to update system time. Also, because an excess¬ 
ive delay will result in the failure of positional correlation in tracking, 
active tracks shall be automatically placed in the tabular list (coast status) 
after restart. Manual positioning shall be required unless the target is 
reporting a discrete code. 

3.3.4.2.3.2.5 Thread Lúdate Task.- Since the operational program does the 
majority of its track file (controlled, uncontrolled and unused) processing 
through the use of various threads in Central Track Stores (CISland Track 
Number Pointer (TNP)(see section 3.3.4.2.14), it is mandatory that the simul¬ 
taneous execution of tasks that use these threads does not result in the alter¬ 
ing of a thread by one task while another task is using that thread. For 
example, if tracking automatically initiates a new track file (uncontrolled 
track) and display output processing is using the uncontrolled track thread 
at. the same time, an immediate modification to the uncontrolled track thread 
by the tracking could result in erroneous display output processing. 

A most desirable solution to this problem is to put the thread modifications 
under executive control. Through the executive lattice structure a task that 
updates the various threads is executed periodically. Therefore all thread 
user tasks simply request a change to one of the threads through the setting 
of various request fields in CTS. 

The thread update task shall then provide for the update of the CTS controll¬ 
ed, uncontrolled, and unused threads, and also the update of the TNP thread. 
This task shall provide for both additions to and deletions from the above 
mentioned threads. 

i 

This task shall take the form of a planned task to be executed periodically 
by the executive. Upon execution, this routine shall check to see if any 
thread changes have been requested. When a thread change request is detected, 
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this routine shall then determine which of the threads to update and then 
update that thread. When all the thread change requests have been honored, 
control will be returned to the executive. 

3.3.-1.2.3.2,0 Task Scheduling .- The division of tasks between popup and 
planned query and the definition of the lattice structures will be done in a 
way that minimizes executive overhead and lattice inactive time while insuring 
that no data is lost. 

3.3.-1.2,:1.3 Executive Data Base.- The popup query algorithm will require 
one table consisting of three subtables as shown in figure 3-8. The symbolic 
name subtable will consist of the symbolic names of all tasks with popup 
entrances. The names will be limited to five characters. Associated with 
each name will be the lime at which each popup task is to be executed and the 
address of the task preamble at which the task entrance conditions will be 
found. 

Active Popup Request Time (APRT) - One variable will contain a time which 
specifies the smallest time value for which a popup task is to be executed. 

When the popup scheduler receives a request to schedule a popup task, it will 
compare the requested time with the APRT. If the APRT has a smaller value, 
the requested task will be placed into the popup list for later processing. 
Otherwise, the time will be placed in both the APRT variable and the popup 
query list table. It will be placed in the correct position in the task 
execution time subtable if it is a smaller value than the current, value of the 
item. This will be accomplished by using the symbolic name that accompanies 
the request to search the symbolic name subtable to locate the implicit pos¬ 
ition of the symbolic name as the position in the task execution time sub¬ 
table. 

The planned query algorithm will require the LOT, the FTP, the cycle table, 
and the task entrance address table. 

The IDT is shown in figure 3-9. The description of the figure is as follows: 

where T = the number of lattices 
R ~ the number of records per lattice 
A¡ the number of pre tasks for record i, Aj ¿ 0 
P-i the number of post tasks for record i, ¿ 0 
iJj tin; number of records in lattice j with no pre tasks. 

Word X 
R-I 

3(R--11 + 'L (Ai + Bi) for lattice j and record R > 1. 
i -1 
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Word ü 

1 

2 

2+1 

FI First Record Address 

Ç .. Task Address 

A1 I B1 

1 Fretask 1 

2+A, 

(2+Ajl+l 

: ^ 
(2+AjJ+l^ 

X 

X+l 

X+ 2 

(X+2)+l 

(X+21+Ajj 

(X-2iAr1+1 

(X+2+ArHBr 

YfU 

Y+l 

Y+2 

(Y+21+1 

(Y+2)+tJ. 
J 

Fretask Ai 

Post task 1 

Fostlask B L 

Firs I 
Record 

p I 9 Rth Record Address 
C Task Address 

__vr br 

_□ Fretask 1 

Fretask AR 

Post task 1 

Last 

Post task bR 

fwa 

Iwa 

L 

fra ! 

Record 

fra, 

Dummy 
Record 

NOlh. Record descriptions for lattice j where 1 £ j sj, 

1 igurti 3-9. Lattice Description Table f|.[)T) 
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Word. Y 
R 

5R - 2 
i 

(■> ! A. t B.) fur lattice j. 

Y r lj • 3 the number of memory cells used for lattice J. 

The table size will be: 

j|T 

R 
E 

1--1 
(A.. + B..) 

ij ij 
I . + 3i.Rt 1 ) 

J 

Ttie table items are dr-fined below 

l* : - fftl 1’ 0 will indicate that a record for a task has 
not been moved to the FTP table; 
P - 3 will indicate that it has been moved to the 
FTP table. 

Primary eligible pro :ssor field 

Record Address Pointer to address this word is stored, i.e., 
to itself 

C - 0 will indicate that the task is not complete; 
(. ~ 1 will indicate that the task is complete 

Task Address 

A., 

Address of entrance address for this task 

Pr<M ask i 

PoltT;ask i i 

Number of pre tasks for this task (i.e., first 
record of lattice j) 

Number of post tasks for this task (i.e., first 
record of lattice j) 

Pointer to record (i.e., address +1) to pre task 
i in lattice j where i = 1, 2,..., A., i=0 
implies no pre task 1 

Pointer to record (i.e., address) of post task i 
in lattice j where i = 1, 2. B.. i = Ü 
implies no post, tasks 1 

liiere will be as many similar records as defined above as there are tasks in 
a lattice, following these records there will be a dummy record (defined 
below) : 

fwn 
j w a 

f r¡M 

First address of lattice j 
First address of dummy record 
Number of tasks with no pre tasks 
Pointers to records that have no pre tasks in 
lattice j where i = i, 2, 

•"j 

The FTP table shall have the first word of the record of the IDT for the task 
-rformed, except for the test, and set field. The FTP table shall be 

as shown in figure 3-10. 
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Where: ! 

:1 

• !■■•• i mi ; .;<!(' tlî.'iî I hf task has been selected for 
stM. u.t > on . 

I !f ,1 

I l 
i Ui KKUüb 

f1 Î i gi I) li> proofs stir f i eld 

DURii^S i ] ink t.o record in Hie UJT i able 

The cycle ! alii 
lie as s oc i a t c i . .. n 
and are 'i'ses'ul 0¾ i 
nurnbor of :i af| fees 
cyi" le t alii f , SflfilCs! 
performed of t rff|i ;■ 

hai ms ¡is shuori in injure 3-1J. Ihese 1.1/1' addresses shall 

on.:!..Mite .fnlisiCi.fi, one of which exists for each cycle, 
1 rder which they appear in the cycle table. The 

a ■ponds to the number of unique LUT addresses in the 
sdiall consist of one or more tasks which shall be 

if ml nr cycle. 

The Q index >1)1 
se! to 1. 

dynamic element of the CT. Its value will be initially 

The l.aSK c'tlf nite 
lite : i ¡asks irr Üe 

' able contains the task entrance addresses for all 
no system. 

i IK] 
i S .1 ; 

tía 

!l:f 

;.! î b 
Tümlll 

k! : ;■ i éifji Ui 

i cd to ensure proper operalintj conditions when the 
: rfw cycle. 

The.' fe 
lattice. The ! 
loaded i f rom 'III 
ifirst ia|gi:m! 'e; 
This would maSst 

s h a 
iht'gt'ia h 

■ : :V 
I 

fhall be cleared fot each record in a completed 
ff .incremented and lite LUI address shall be 

\ !• table item. This LUI address shall be the 
md * he record must not have any pretasks since 

:t reeiivs i s t erjt,.. 

3.3.1.: h am a 1nq .- I he followi mj paragraphs describe the 
reqiuTorne .11.1 01 a bn," of radar input process inij: 

rat ive (, 
! . li ' i 

•,3, :.,i. 

control the i- 

f o r t he :■ i a1 i 1 ; a ' 
I it! sh :1:.111 d»! h'h ! 1. s : ¡f :} 
t i on , weal lu i let > ■ 

rni ters. .1 1 nit try of 

i 

. <:■ tSi'.’tfl s ,.i- ¡{Tie radar i nput. ¡.rrocessing program shall 

3 s I a with the RUAS. It shall process this data 
in and position reporting of radar target echoes. 
■ s the control for the RUAS video channel selec- 
n, and other computer selectable operating para- 

• .'fiar input processing task is given below: 

;a) : Lgnt: 
This 
tor i 

if; St.'f 

'ijè St ¡a.i;: 
s.l'.fdsf.iSf 
c) Uete 
li ) ■ Sv:lii|l 

T-fCTiMtl 
i;l ■ Äsd, i 

and 

11, 

'Lili: Î j 
nus 

PI inc. 
Í. 

t I ( J is ii I 

f> ¡.'TO 
Í’ín'iai 

s ft if 
iííi T 

fdeef 
é¡ ilíip 

If! :lf¡.Í| 
dra:! tli 
ii to rl¡ 

n i» u t 
||dff: 
irírgi 

.jijjOnSjj 
fde L 

arej ¡, 
r any 

ai: re 
e t a r 

q u a .1 
t. ed 

of HUAS data into assigned storage areas, 
quantized target video hits, clutter moni- 

t prede 1 re t i on 1 nd. i cat. ors , weather data, radar 
and RUAS status codes. 
ft ton data and perform stat istical detection 
irget reports. 

and center azimuth of detected targets, 
lorts in cluiter areas when the total hit 

get falls below an accept able level, 
ity, merge reports from adjacent range cells, 
reports to the beacon radar correlation program, 
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CT i NIDEX 

I.D’I ADDRESS 1 

LUT ADDRESS 2 

U)T ADDRESS n 

f igure 3-11. Cycle Table (CD 
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3.3.4.2.4.1 (conti n ued ) 

H Corrclati' wcaiher hit data un a sweep-to-sweep and scan-to-scan 
tiasis for the two rank quantizers contained in the RDAS. Generate 
two 32-level gain maps for feedback control of hit percentages 
in the two rank quantizers. Provide control on a 2-mile by 32 
AGP zone basis. 

y) Correlate light and heavy clutter monitor data on a sweep-to- 
sweep and scan-to-scan basis. Generate 2 quantizer select maps 
used to switch among three quantizers. Provide for quantizer 
selection on a 2-mile by 32 AGI1 zone basis. 

ht Output the zone control map which regulates the hit percentage 
and quantizer selection in the RDAS. 

i) Transfer command words to the RDAS for selection of operating 
parame sers. 

jt Monitor the RDAS and radar input processing program performance. 
Generate error alarms for abnormal conditions. 

!•:) Control the generation and positioning of the Realtime Quality 
Control (RTQC) test target. 

3.:). 1.2.4. 2 Lies ign .- Radar input processing routine consists of t hree major 
program functions: RDAS input/output, target detection, and quantizer control. 
1 lie RUAS I/O routine handles all communication between the computer and the 
RDAS. The input data includes video hits and clutter sensing data. The out¬ 
put data consists of zone control data used to regulate the RUAS on a 2-mile 
by 32 ACT’ zone basis and commands for specifying non-dynamic operating para¬ 
meters. Target detection processes the video hit data to statistically de¬ 
clare and locate targets. Quantizer control utilizes two types of clutter 
sensing data determined by the RDAS. The data is used for selecting quantizers 
and for controlling video hits in weather clutter. 

The scheduling of radar input processing functions shall be based on a timing 
cycle related to the triggers of the radar. Une cycle, called the radar 
processing cycle, shall consist of a fixed number of radar sweeps, e.g., 24. 
The target detection function shall be referenced every cycle; however, the 
clutter processing shall be referenced only once every two cycles. When both 
target detection and clutter processing are to be called on a given cycle, 
clutter processing shall precede target detection. 

3.3. 1.2.4.2.1 inpul/Out put .- The I/O functions provide the link between 
the operational program and the ROAS- These functions include the establish¬ 
ment and maintenance of synchronized operation of the RDAS and the processing 
by the computer. The establishment of synchronization shall be performed by 
an initiation routine which shall be entered once from the preset on start up, 
and subsequent to the detection of any of certain malfunctions which might 
occur during the normal operating sequence for the purpose of re-initiation. 
Maintenance of communication continuity and synchronization during the normal 
operating sequence shall be accomplished in the RDAS channel interrupt 
processor. This shall include the selection of proper zone control and com¬ 
mand words for the present radar azimuth. 



3.3.4.2.4.2.1 (continued) 

1) RUAS Initiation 

Initiation of the RUAS shall be performed in a radar I/O preset 
routine via the following sequence: 

a) Critical radar processing parameters (flags, pointers, indices 
and so forth) will be set to initial values for the purpose of 
re-synchronization during the automatic recovery sequence, as 
well as for the initial startup. 

b) All I/O on the ROAS channel shall be terminated. 
c) The RUAS shall |je sent Command Word Zero with the Master Clear 

(MC) bit (bit 2¿‘) set to one. Upon receipt of this external 
function word, the RUAS shall inhibit all data transfer 
between itself and the computer, 

d) The RUAS shall be sent Command Words One and Two containing a 
number ol parametric values required for its operation. The 
remaining operating parameters shall be sent immediately there¬ 
after as part of Command Word Zero, which for this transmission 
will have the MC bit cleared (MC=0). Upon receipt of the latter 
word, the RUAS will raise its Output Data Request (OUR) line 
to receive 15 words of nominal zone data (two quantizer select 
words, one system diagnostic word, and 12 gain words). 

e) lhe computer shall initiate an output buffer containing the 
15 zone data words for an arbitrary zone. Data for all zones 
shall be contained in the Zone Control Map Table (ZCMT) which 
shall be preset to nominal data. The RDAS shall begin process¬ 
ing with the next range zero trigger. The first data placed on 
the RDAS channel input lines shall be the video hit word for 
the O-l 7/8 nm interval of the following sweep. 

f) Ihe computer shall initiate a continuously running input buffer 
chain to receive the video hit, predetector, weather regulation, 
clutter monitor, and azimuth sweep words. The input buffer 
scheme is described further in paragraphs which follow. 

Computer processing of data received after a reinitiation 
sequence lias begun shall be suspended. It shall recommence 
with the first data word received after the sequence has been 
completed and synchronization re-established. 

2) Normal Input Scheme 

Ihe data input to the computer during one radar sweep is shown in 
ligure 3-12. I his data includes 32 video hit words in which each 
bit represents quantized video in a 1/16 run range interval along 
the sweep. Also included in the input data are a predetector word, 
two weather regulation words, two clutter monitor words, and an 
azimuth-sweep word. In the predetector word a hit in bit position j 
corresponds to a predetection in the jth video hit word. In the 
weather regulation and clutter monitor words, bit position j 
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Increasing 
Kanye 

1st Video Hit Wort! 

32nd Video Hit Word 

Predetector Word 

Normal Weather Hit Word 

MT 1 Weather Hit Word 

Clutter Monitor 1 Word 

Clutter Monitor 2 Word 

Azimuth Sweep Word 

I» It tr I« 13 

1 0 1 1 0 

Expanded View of Video Hit Words 

^ Inc reasi no Ranue 

t«[i»}»|tl|zo|{»|l«|l7|l>|(8[l4|n[li|il|lo| >| «|t I 

J • • Ü 0 0 J 1 Ü 

4 
n 

Expanded View of Predetector, Weather and Clutter Monitor Words 

'»l'«l'»P»P'l>«>l»l«IM*hl«l i» I» 

1 0 u 1 1 

Azimuth Sweep Word 

1 Ü 

2t|tijtr|2f|29]t«[2l|2z|2i|Z0[l«|i(p7 lt|is|l«|u|'2 »1*11 io 

Sync Code Status Azimuth 

2 mi.-Weather 
and Clutter Mon, 
1 7/8 mi.- 
Predet ector 

figure 3-12. format of Data in Single Sweep 
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3.3.4.2.1.2.1 (continued) 

corresponds to a hit (that is, a weather or clutter indication, 
respectively) in U■> range interval from 2j to 2(j + l) nm (j=U,...29) 
The azimuth-sweep word supplies a synchronization code, RUAS status 
indicators, and radar sweep azimuth measured in ACPs. 

The data for successive sweeps shall be similarly input to the 
computer through the use of a free-running input chain. This chain 
shall provide the basic timing control for the radar processing 
cycle. Once initiated, the chain shall run continuously without 
further processor control unless an out-of-synchronization condition 
occurs. The chain shall input the ROAS sweep data into a buffer 
of sufficient size to hold RSPCP (SP) sweeps of radar information 
(38 words per sweep). 

lor synchronizing the data processing with the inputting of data, 
the input buffer shall be divided into RBSPT (SP) segments, each 
containing (RSPCP/RBSTP) sweeps of data. A radar processing cycle 
commences with the receipt of the last data word in a buffer segment, 
Each time a buffer segment is filled, a buffer-filled flag corres¬ 
ponding to that segment shall be set. An input monitor interrupt 
shall be generated and the chain advanced to continue input with the 
next buffer segment. The layout of the segment input, buffer scheme 
is shown in figure 3-13. 

In response to the interrupt, a new radar processing cycle shall be 
inaugurated, this is accomplished by requesting the executive to 
schedule radar input processing as soon as possible on a priority 
basis. This will subsequently cause a new cycle to begin according 
to the sequence of radar processing tasks described in an earlier 
paragraph. 

Also, as part of interrrupt processing, a check for proper data 
synchronization and operating status shall be undertaken. If any 
buffer segment word presumed to contain azimuth sweep dita does not 
have a sync code in the most significant bit position, an out-of- 
synchronization condition shall be declared. I” this case, an alarm 
flag shall be set and the automatic recovery sequence begun by 
requesting the executive to schedule the I/O preset routine prior 
to any other radar processing task. An out-of-sync flag shall also 
be set to suspend processing of radar data until synchronization is 
re-established. The ROAS operating status shall be tested by 
examining the indicators in each of the azimuth sweep words of the 
buffer segment. Response to the presence of each status indicator 
is described in the paragraphs on performance monitoring. 

Ihe buffer-filled flags shall be monitored by the radar processing 
subprograms to insure that processing is keeping up with the inputting 
of data. As the processing of the data in a segment is completed, 
its bulfer-fiIxed llag shall be cleared. If at any time the radar 
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4 

RSPCP Sweeps 
(38 X RSFCP 

words) 

Buffer 
Segment 1 
(RSPCP/N Sweeps) 

Buffer 
Segment 2 
(RSPCP/N Sweeps) 

i 

\ 
\ 
\ 
\ 
\ 
\ 

( 

i 

Buffer 
Segment N 
(RSPCP/N Sweeps) 

% 
C- 

/ 
/ 

/ 

/ 
/ 

Radar Input Store, HINT 

Initiale Input Segment 1; 
Set Buffer Filled Flag 1; 
Jump to Segment 2 Commands 

and Generate Interrupt 

•s 

Initiate Input Segment 2; 
Set Buffer Filled Flag 2; 
Jump to Segment 3 Commands 

and Generate Interrupt 

4 
Initiate Input Segment INI; 
Set Buffer Filled Flag N; 
Jump to Segment .1 Commands 

and Generate Interrupt 

Radar Input Chain 

(N - RBSTP Segments) 

ligure 3-13. Radar Input Store Design 
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3.3.4.2.4.2.1 (continued) 

interrupt processor determines that a buffer segment has been over¬ 
written before the data for that segment has been processed, overload 
condition is declared. In response to this declaration, an alarm 
printout will be requested as described in the paragraphs on perfor¬ 
mance monitoring. 

3) Normal Output Scheme 

The computer shall be required to output to the RIJAS two general 
categories of data: 1) command words and 2) zone control words. 
The format for these words are given in figures 3-14 and 3-15 
respectively. Command words shall provide system operating para¬ 
meters and configuration directives to the RUAS. They shall be 
used to initiate the RUAS during the start-up sequence and to 
change parameters and configuration once the system is operating. 
They shall be transferred to the RUAS during radar dead time. The 
RUAS will have its external Function Request (EFR) line raised 
to accept command words from the beginning of dead time to -1/2 
nautical miles before zero range. 

Zone control words shall provide the data which determines the 
operating conditions of the quantizer within 2 nm by 32 ACP (2.8°) 
zones. Ihe data for the 30 zones in a 32 ACP sector shall be packed 
into a block of 15 words (see figure 3-15). The table containing 
the data for all zones in the radar surveillance area is called the 
Zone Control Map lable (ZCMT). The table shall be considered as 
five subtables each consisting of one type of zone data. Each 
subtable will consist of 128 items (sectors). A general description 
of each follows, with more detail to be found in the System Data 
Base subsection. 

in addition to providing which determines the operating conditions 
of the quantizers, the zone control (feta contains a word which 
determines the length and postion of the RTQC test targets. 

The first subtable consists of the Quantizer 2 (Q2) select words, 
and shall be referred toas the Q2 select map (table). The bit 
settings in each word indicate the selection of the output of the 
Q2 quantizer in each 2 nm zone of the corresponding 32 ACP sector. 

The second subtable consists of the Quantizer 3 (Q3) select words 
and shall be referred to as the Q3 select map (table). The bit 
settings in each word indicate the selection of the output of the 
Q3 quantizer in each 2 nm zone of the corresponding 32 ACP sector. 

Ihe third subtable consists of the system diagnostic words and shall 
be referred to as the system diagnostic map (table). The inter¬ 
pretation of the system diagnostic words depends upon the setting 
of bit 17 in the display video select field of command word 0. If 
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COMMAND WORD 0 

29 28 J27 26 25 24 23 22 21 20 19 18 17 16 15 14 13112 11 10 9 W 5|4|3|2|1|0 

M 
C 

0 0 UVS AC 
PWNM PWNN PNN 

1 1 1 
11, 32 (id 

_L J_ JL 
16 32 

8 4 2 1 1 1 
2 4 

MC :: Master Clear 
UVS Display Video Select 
AC Alarm Clear 

BIT 

19-10 

20 
22-21 

2(.,-20 

PWNM Min. Pulse Width MTI 
PWNN -- Min. Pulse Width Normal 
PNN Percent Noise Normal 

DISPLAi V1DKG 

System Diagnostic 
00 Off 

Amplitude Output Q1 
Amplitude Output 02 
Amplitude Output 0>1 
Li mi t 

01 
10 
11 
Mil 
00 
01 
10 
11 
00 
01 
10 
11 
00 
01 
10 
11 

Off 
OS 3 
OS 3 

^ 0, 0S2 - 1 
= 1, OS2 = 0 
= 1, 0S2 = 1 

Off 
Clutter Density 1 
Clutter Density 2 
Selected Hit Proc. Output 
Off 
Weather Hit Output Normal 
Weather Hit Output Mil 
enhanced Display Output 

COMMAND WORD 1 

23 28 27 26 (25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 71 6 1 5 4 3 2 10 
0 0 1 DMRN c 

u 
N 

CT1 c 
i 
N 

ST DT WIN PT 

4 2 1 16 0 4 2 3 16 8 4 2 1 8 4 2 1 8 4 2 1 8 4 2 1 

UMRN 
CUN 
C'i I 
CIN 
ST 
m 
WIN 
PT 

Diff, from Max. rank normal quantizer 
Counter Decrement Normal 
C,lutter Monitor Threshold 1 
Counter Increment Normal 
SI robe Threshold 
Display Threshold 
Weather Threshold Normal 
Predo!ection Threshold 

Figure 3-14, Command Word Formats (Sheet 1 of 2) 
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COMMAND WORD 2 

29)28 |27 26 )25 )24 23 22)21 20|l9|l8 n 16 15 14 13)12 11 10 S 8 717 5 4 3 2 10 

0 1 0 DIMM C 
D 
M 

CT2 c 
i 
M 

C 
D 
S 

t 
1 
S 

NB Dll 000 0 
WTM 

0 0 0 0 
4 2 1 16 8 4 2 1 8 4 2 1 

DMRM = Difference From Max Rank MTI Quantizer 

COM = Counter Decrement MTI (U = Decrement of 1, 
1 = Decrement of 2) 

CT2 = Clutter Monitor Threshold 2 

CIM -- Counter Increment MTI (0 = Increment of 2, 
1 = Increment of 2) 

CDS = Counter Decrement Selected 

CIS = Counter Increment Selected 

WIM = Weather Threshold Mil 

NB = Normal Bias ( 0 ~ Multiplicative bias for Q2, 

1 = Subtractive bias for Q2). 

Dll Double Hit (.00 = No double pulse generation 
01 = Additional l/64nm pulse adjacent to l/b4nm pulse 

output of TQl, 2, 3. 
10 = Additional 1/öT nm pulse 2/ò4nm farther in range 

than i/b4 nm output of Tyl, 2, 3. 
11 = Additional 1/64 nm pulse 4/(»4 nm farther in rang< 

than 1/64 nm output of TQl, 2, 31. 

Figure 3-14. Command Word Formats (Sheet 2 of 2) 



Quantizer Select 2 Word (yS2) 

Quantizer Select, 3 Word (yS3) 

System Diagnostic Word (SU) 

6 Normal Gain Words 

6 MTI Gain Words 

15 Zone 
Control 
Words (One 
32 ACF 
Sector) 

Figure 3-15. Format for Zone Control Data in One 32 ACP Sector 
(Sheet 1 of 2) 
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(/S2 find gs;$ 
ïateiîBgiLi^ 

(Bit j corresponds to 2j - 2(j+l) nm zone) 

yUAM IZEK SELECT WORDS 2 AND ,'i 
(Subtables yS ZI and ySTT) 

When Bit 17 in CWÜ = ü: 

SD 
m n »|l«|lS|»|2l Œ •I*!7I*I*!*UI*I • |o P Ë u EA a SA TTR 

When Bit 17 in CWO 

ME = Mask Enable 
EE - End Enable 
EA - End Azimuth 
1 : 

SE = Start Enable 
SA = Start Azimuth 
TTR = Test Tgt Range (LSB=l/l6 nm) 

SD 
i»¡n|ir|n|i»|i«|n|tt|aipo|itli«|iT|it|ia|i4|n|n|n|io|»I«JTJ'i'l sj«! »irpTô 

(Bit j corresponds to 2j = 2(j+l) nm zone) 

SYSTEM DIAGNOSTIC WORDS (Subtable SDMI’) 

G1 

G 2 

GT 

G4 

G 5 

G6 

0 G14 0 G 13 0 G12 0 G J1 0 G10 

0 G 24 0 G 23 0 G22 0 G21 0 G 20 
0 G 34 0 G33 0 G32 0 G31 0 G 30 

0 G44 0 G43 0 G42 0 641 0 G 40 

0 G 54 0 G 53 0 G 52 0 G 51 0 GoO 

0 Gol 0 G63 0 GO 2 0 Gol 0 G60 

Field Gjk corresponds to (10 (j-l) + 2k) - (10(j-l)+2(k+l)) nm zone 

NORMAL AND MTI GAIN WORDS (Subtables GNT and GMT) 

(G corresponds to ON for GNT and GM for GMT) 

Figure :$-ir». Format for Zone Control Data in One 32 ACT’ Sector 
(Sheet 2 of 2) 
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3.3,4.2.4,2,1 ( c o n t inued )• 

Bit 17 in command word 0 is set to one, the bit settings in the system diagnos¬ 
tic words correspond to the zones in the same manner as those in the quantizer 
select maps. The system diagnostic word is used to provide a visual display of 
conditions useful for the analysis of system errors. Depending upon the setting 
of software parameters the system diagnostic word can be made to represent any 
zone oriented data internal to the computer (e.g. tracking feedback map, gain 
w o r d s , a z i m u t. li w o r d s ). 

If bit 17 in command word U is set to zero, the system diagnostic words shall 
determine the position and width of the RTQC test target. 

The fourth subi able consists of the gain words for percent noise regulation of 
the y‘2 quantizer, and shall be referred to as the (J2 gain word map (table). 
There shall he six words per item (sector), each divided into 6-bit fields 
corresponding to a particular zone. The gain value (0-31) for a zone shall be 
right-justified in the appropriate field. 

The fifth subt able consists of the gain words for percent noise regulation of 
the 03 quantizer and shall be referred to as the Q3 gain word map (table). The 
format is the same as for the Q2 gain words. 

The zone data word output scheme after initiation shall be described in the 
following sentences. The ROAS will sense zone sector (32 AGP) boundaries, and 
when a crossing is detected it will raise the Output Data Request (ODR) line 
to accept zone data for the next sector. The output chain shall already have 
been initiated by the processor; consequently, transfer of the 15-word zone 
data block shall begin immediately. The computer shall generate an output 
monitor interrupt when the transfer is complete, in response to which it will 
determine the location of the next block of zone data and shall reinitiate the 
output chain. The ROAS will not raise its ODR until the next sector boundary 
crossing, at which time the foregoing procedure will be repeated. 

If command word changes had been pending during the preceding zone sector, they 
shall be transmitted as external functions on a 32 AGP basis immediately 
following the output of zone data. 

3..3.4.2,4,2,2_Radar Target Detection.- The radar target detection routine shall 
process the video hit data for target patterns and declare target reports when 
certain statistical criteria are satisfied. The routine shall be segmented in¬ 
to two functions: report generation and report finalization. Report genera¬ 
tion shall be accomplished by means of a two-step decision process called pre¬ 
detection/final detection. The function of predetection is to identify hit 
patterns which could potentially be from targets. In response to each prede- 
t ection, t he f inal detect or ei ther declares a target report or rejects the 
preielection. The details of this two-step process are defined in the following 
paragraphs. Report, finalization consists of azimuth beam splitting, hit count 
discrimination, and report firmness assignment. The sequence for processing 
in the radar target, detection routine shall be report finalization and then 
report generation; however, these functions are described in the reverse order 
t o s i mp i. i f y 1. h e exp 1 a nations. 

The radar i argot detection routine shall process approximately one segment, of 
radar inpul data on each entry. The actual limits for processing shall be 
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difieren! lor the report finalization and generation functions. The processing 
for report finalization shall begin one sweep after the stopping point of the 
last entry called (Kl). The stopping limit (K21 shall be at the last sweep in¬ 
put from the digitizer. The limit for report generation shall start at Kl - 
Wl/2 and end at K2 - Wp/S, where W| is the length for the target detection win¬ 
dow. These limits are picked to ensure that the necessary video hit data is 
currently available for the radar processing functions. 

.41¿..4.2.2.1 Report Generat ion.- The report generation routine shall cycle 
through the predetection data and engage the predetector/final detector to test 
tor targets. Although the digitizer initially predetects targets on an indiv¬ 
idual range cell basis, the range granularity of reporting the predetec lions to 
the computer is limited to 1 7/8 miles. The function of the predetection in 
the computer (called software predetection) is to reestablish the range cells 
wherein the digitizer predetection occurred. Software predetection is accom¬ 
plished through use of the predetection word supplied by the digitizer and by 
the application oí a Boolean test which has similar characteristics to the se¬ 
quential predetector test in the digitizer. One predetection word is sent to 
the computer ('ach sweep. Each of the 30-bits in this word is identified with 
on»* oí the iirst .¾) video hit words. A given bit (n) set in the predetection 
word implies that there exists a predetection in the i 7/8 nm range interval 
covered by the video word in). Software predetection shall be performed util¬ 
izing the video hit words corresponding to the bits set in the predetection 
word. It should be noted that the predetection word covers only the first 30 
ol the A¿ video hit words input to the computer. Therefore, only the first 
0<ij nautical miles shall be processed for targets. 

for each case where a predetection bit is set, the software predelector shall 
examine the appropriate video hit words for target-like hit. patterns. The 
software predetector shall be simultaneously performed on all 30 range cells 
covered by the video hit word. The predetection tests shall consist of the 
foilowing Boolean e x p ression: 

Y Z*X.«(X. 
J J- 

(+) w 
Vk’* 

where : 

V is a logical variable representing the outcome for a given range 
cell (Y = t implies the predetection test is satisfied) 

Z is an indicator defining whether a target is already in process at 
the given range cell (Z ~ 0 for a target in process, Z = 1 implies 
no target, in process) 

X. represents the hit. data for a given range cell at sweep j (X. = 1 
for a hit, X. 

J 
t 

(+) 

0 for a miss) 

represen t s a logical AND operation 

represents a logical inclusive OR operation 
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k is a parameter defining the number of sweeps to be included in the 
logical sum Ik is generally set equal to the increment used in the 
digitizer sequential counter, i.e. k - 2,31. 

The final detector shall be called once for each range cell wherein a software 
predetection occurred. The final detector is described in the next, paragraph. 
The software predetector shall advance one sweep at a time and process all 
predetection words falling within the sweep limits defined in an earlier para¬ 
graph . 

.3.4.2.4. :.1,1 Final Detection. The decision to declare a predetection 
as a target or to reject the prdetection as noise shall be made by the final 
detector. The basic idea of the final detector is to statistically determine 
the presence of a target on the basis of the video hits at the range of the 
predetect ion and over a number of sweeps on either side. The final detector 
routine shall be referenced each time a predetection is determined. The final 
detector shall then examine the video hits in a window (sampling region) refer¬ 
enced about the detection range and azimuth. The window shall cover the video 
hits one range cell in width and Wp in length. The window shall be centered 
about the predetect ion azimuth. If the hit count equals or exceeds a detection 
I hr ( ■ s hoi d argel is declared. 

Normally, 
t lires ho Id 
targe; en 
where the 

mal radar 
ed in the 
miles by 
enhance* me 
oned is c 
i ¡ien i. i f y 
in both tn 
map a re p 
eriLeri a 
or ile r i no 

the detection threshold (TD shall be applied; however, an alternate 
tT2) shall be selected if the predetection lies in an area where 

hancement is to be accomplished. This feature shall be employed only 
tracking routine indicates there exists a weak target and where nor- 
virieo, is utilized. The information from tracking shall be contain- 

radar target detection map which is constructed on the basis of two- 
32 ACT zone. A one (.1) in this map shall indicate that, the target 
nt is desired. A complete description of this map and how it is devel- 
ontained in the paragraphs on tracking. The Q2 and <J3 select map shall 
î lie ¡wo-m.il h by 32 AGP zones where no clutter is present. A zero (0) 

aps shall indicate a clear region. The details of maintaining this 
rovided in the paragraph on clutter pro* • sing. When both of the above 
arc satisfied, the detection threshold T2 shall be selected. The 
of the values for the two thresholds shall be such that Ti 2 T2. 

When a t argel report is declared, a radar record shall be established to hold 
I he pertineni report data until the target center azimuth can be established 
t hrough beam splitting. Otherwise, the final detection process shall be ter¬ 
minated and control shall be returned to the predelection process. The radar 

curd shall be saved in a range ordered table. The data in this table shall 
from target detection and also a variable called the sweef 

is utilized for the beam splitting algorithm and is 
defined in the next paragraph. Finally, the beamsplitting and other functions 
within the report finalization routine shall be exercised for this one new 
report. The descript ion of these functions is contained in the next paragraph. 

n 
i. ne 1 udi 
s urn,. 

tiie hit count 
mis latter variable 
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3.3.4, Finalization The repor t finaliza tion ro utino shall 
complete the processing functions related to each target report declared by 
the final detector. The report finalization shall consist of beam splitting 
to determine target center azimuth, hit count discrimination, and assignment of 
report quality. The routine shall be entered in two ways. 
Type 1 entry, shall be made directly upon entrance to radar target detection 
from the executive. At this time, all radar records active from the last entry 
shall be processed from the sweep limits K1 to K2. These limits are defined 
in an earlier paragraph. In this manner, all previously detected target report .- 
are processed prior to searching for new predetections. Additional entries in¬ 
to the report finalization shall be made for each new radar -eport. 
via the predetector/final detector. On these entries, the processing shall 
commence with the sweep following the end of the final detector window, 
processing shall continue until the sweep limit K2. 

established 
11 
The 

The beamsplitting shall be performed via an algorithm called center of density. 
This algorithm shall estimate target center azimuth by calculating the centroid 
or balance point of the video hits in the vicinity of the target. The principle 

and hit count) 
detected re¬ 

ef the algorithm is to calculate the ratio of two sums (sweep sum 
both of which are functions of the video hits at the range of the 
port. The sweep sum ISÔ) is actually a moment calculation. The lever arm 
shall be defined as the number of sweeps from the beginning of the target de¬ 
tection window. The weighting function shall be the video hits. Each hit 
(binary 1) shall have a weight of unity. The hit count (SX) is the number of 
ones over l lie window of summation. 

The form of the calculation shall be as follows: 
£ kX, 

_ se _ _k 
h ~ SX 

k 

£ Xk 

where 

K 

k 

X 

The target center estimate in terms of sweep numbers 

A sweep indexing number within the window 

The value of the video hit data for sweep k at the range cell 
of interest. (X, 1 for a "hit" and X k 0 otherwise) 

1 he target center shall be computed in terms of ACPs in the following manner. 
( irst, K, the center of density of the final detection window, shall be com¬ 
puted using the formula shown above. If the difference between K and K(;, the 
center of the final detection window, is less than sweep, K shall be declared 
as the target center. If this difference is greater than or equal to one-half, 
the target window shall be expanded in the direction of positive azimuth by 
twice the difference between K andJKc. Note that K^', the center of this new 
window, shall be equal to K. Now K, the center of density of the new expanded 
window, shall be calculated and compared to Kç'. If this difference is less 
than !'2 sweep, K shall be 
dow shall again be expanded by twice the. 

declared the target center azimuth. If not, the win- 
difference and a new center of density 

aukl 
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shall be computed. The process continues until eit her a maximum expansion limit 
MKX has been reached or the computed center of density of an expanded window is 
within 'j sweep of the center of the expanded window. When either condition 
occurs, the center of density is declared as the target center. The azimuth in 
ACPs shall be determined from F. By using F as an index into the input buffer, 
the azimuth of the corresponding sweep shall be taken as the center azimuth. 

The radar records established by the final detector routine shall be utilized 
to maintain t he information regarding the ranges where beam splitting cannot 
be complet ed due to t he sweep processing limit K2. The radar record store shall 
hold the intermediate sweep sum, hit count, and other indices required for the 
beam splitting process. Upon a Type I entry, the beam splitting routine shall 
sequence through the radar record store and process each report using the video 
hits up through the sweep K2, If the beam splitting cannot be completed on a 
given report , the sweep sum, hit count, and other required indices shall again 
be saved in the radar record store. 

The Hit Count Discriminât or (I IC!) I routine shall be called for each report where¬ 
in beam split!ing is complit ted. The hit count of the report shall be defined 
as the number of nits (SX) included in the final beam splitting window. If the 
report has been obtained from a clutter area, the hit count shall be compared 
against a threshold parameter called the HU). That is, a report shall be dis¬ 
carded if its hit count is less than the value of BCD; otherwise, it is accept¬ 
ed as a valid target report. The value for BCD shall be equal to the target 
detection threshold Ti plus a parametric increment û HC; i.e., BCD = T1 + A HC. 
The determination that a report is generated from a clutter region shall be 
accomplished through checking the quantizer selection maps at the range in 
azimuth of the report. Keport, quality for radar reports shall also be assigned 
on the basis of hit count. An eight level quality value (Q) shall be assigned 
as follows: 

ft - - S X - '1 J .i 1 S X — II £» 7 , 

V ■■ 7 i í S X - '1 1 > 7 » 

After having he report quality assigned, the report shall be deleted from the 
radar recor’ store and placed in the radar report store. This store shall be 
a pair of alternating, range ordered subtables. The reports held in one of the 
radar report subtables shall be merged, in range order, with newly completed 
ru air reports. fuit hennure, if two reports are found with a range separation 
of less than or equal to l/lti mile and an azimuth separation of less than 1°, 
’ hey shall be merged together. The report, having the lower quality shall be 
discarded. In the event of identical quality, the report having the greater 
range shall be discarded, but the azimuth -f the preserved report shall be the 
average of the azimuths from the two reports. Furthermore, the quality shall 
be incremented one level. In addition, each report transferred to the record 
itore shall be checked to determine if it is the report for the RTQC test 
target. If jt is, the R'lfH,’. report found flag shall be cleared. Finally, the 
radar-in-process flag shall be reset to one for each completed report. This 
permits new predeieetions to be sensed at t he report range. 
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3.3.4.2.4.2.2.2 (coniinued) 

Radar reports emerging from finalization will have their range and azimuth 
modified by lixed constant range and azimuth bias parameters. 

3.3.4.-.4.2.3—(¿uantizcr Control.- The quantizer control routine shall process 
clutter and weather hit data for the purpose of selecting quantizers and regu¬ 
lating the quantization of clutter video. The clutter data received from the 
RÜAS is in the form of two clutter monitor words. One clutter monitor word 
provides an indication of the presence of light clutter, and one provides an 
indication of heavy clutter. The clutter processing software uses these words 
to construct a light clutter map (02 select map) and a heavy clutter map 
select map). r 

lhe weather hit data received from the RIJAS is in the form of two weather hi I 
words. One weather hit word is processed by the weather hit regulation soft¬ 
ware to control the percentage hits in the 02 quantizer; the other is processed 
to control 03. Although the clutter processing and weather hit regulation 
functions are described separately in the following sections, they shall be 
performed in parallel to minimize overhead. The entry of these functions shall 
be once per two radar processing cycles. 

1.2.1.2.3,1 Clutter Processing.- The purpose of this function is the 
derivation and maintenance of two clutter maps, one enclosing areas of light 
clutter and one enclosing areas of heavy clutter. The light clutter map is 
maintained by processing clutter monitor word one. The light clutter map will 
be called the Q2 select map. The heavy clutter map shall be maintained by 
processing clutter monitor word two. It will be called the Q3 select map. 
bmoothing shall be performed on the clutter monitor data to compensate for ran¬ 
dom clutter declarations by the RIJAS. For both maps the smoothing shall be done 
both on a sweep-to-sweep and a scan-to-scan basis in the manner described here¬ 
in. lhe Q2 select map shall be used to effect the selection of the Q2 quanti¬ 
zer while the Q3 select map shall be used to effect the selection of the g3 
quantizer by the RUAS. The process described below applies to both the U2 and 
the Q3 select map. 

Iwo clutter monitor words (clutter monitor I and 2) shall be received by the 
computer each sweep (figure 3-12). A bit set to one shall indicate a clutter 
hit for the corresponding two nautical mile interval. (Bit j corresponds to 
the interval between 2j and 2(j+l) nautical miles, j=0,...,29). Clutter hits 
are first integrated (summed) over the first MSZP (SP) sweeps in a 32 ACP 
sector to produce a clutter sum for each zone. 

Sweep-to-sweep smoothing shall be accomplished by correlating the hit data with- 
in a zone that is, by declaring a clutter hit or no-hit indication for the zone 
accoidingly as its clutter sum exceeds or fails to exceed a threshold, CDPi 
(SP), i=<-,3, the clutter density parameters for the Q2 and Q3 select maps re¬ 
spectively. f 

Scan-to-scan correlation (or smoothing) shall be achieved through use of an 
up-down 3-bit sequential counter which shall be provided for each zone. These 
counters constitute the clutter map store, which is illustrated in figure 3-16, 
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h ff jf-r< .i ni . ;¡n ¡ n ; fijr.v t’d zuñe clutter hit con nt tur simpl> , a zono 
fiuti i 1 . ¡ j" /.ont- cíjuni r sha i 1 be incremented by CIPi uSlM , 1=2,15, m response 
to ;t r. 1 tj t i - r h i i dtrinr;. ion, or decri'mentcd by one i n response to a clutter 
no-hit declaration. '1 he clutter increment parameter, CIPi, shall have a value 
of 1, 2, or --, '/one counts shall always bo between U and 7; consequently, 
incrementation will be i m i ted at 7 and décrémentâtion limited at 0. 

finally, a r lut ter-/resent .indication is made for each zone in which its zone 
count ex¡eeds or equals the clutter threshold parameter, CTPi (SP), i=2,3, and 
i he corresponding bit will be set to I in the clutter-present parameter, CPPi, 
1=2,3, heft- defined, Tlie bit will be set to 0 in CPPi if its zone count falls 
below the Cil’i. 

'1 he value of three duller-present parameters generated for successive sectors 
- CPPi In i , CPPi *' tri f, CPP i ( n • 2 » - shall be used for quantizer selection during 
the next scan ior each zone of sector (n+l! in the following manner: if the 
azimuth soaking parameter, ASPi (SP), here defined, has a non-zero value, the 
c1 uläer-presenI image will be extended to the zones adjacent in azimuth and an 
intermediate value of the quantizer select parameter, QSPi, here defined, shall 
be obtained: 

USP i (n■ii CPPi U) M CPpi (n+l) W CPPi i ir 2' , 

where - denotes the "ini 
izer select, word for sei 
if ASI1! : 0, 

lusive or" function and QSPi(n+l) represents the quani¬ 
tor nJ 1 in quantizer select map i(i=2.3). Otherwise, 

QSi’i (n- 1 ) ^ CPPi (in 1 j U „e. the clutter present word for sector n+l 
becomes the quantizer select word). 

If tilt* ranee soaking para met er, K.SPi -'SP), here defined, has a non-zero value, 
the dut t t-r-prese nt image will be exit tided to t he KSPi zones adjacent in range, 
and furl her intermediate values of t he quantizer select parameter shall be ob¬ 
tained by i lera ling the following RSPi times: 

1 j. ( rr J > HfjbPi I rw J Ç) QSPi { n • I ) © (jSPi ( n • 1)/2 

't h i s simply says ha t futir,Sizer select word is shifted left and "or" ed with 
itself, then shiÍ ted right and "or" ed with itself to extend the range of the 
map. 'Mus shift ing is performed as many times as necessary to extend the map 
RSPi bj .s, 

! !t .1... I 

trig wuni ir 
tr‘ tie- ZCiTI 

(,/-,]1, ( rr I i , i 2,:5, will be logically "or" ed with the correspond- 
I!' manual 1 y enten-d video select map and will then be inserted in- 
igure :5-13) as quantizer select words two and three (QS2 and QS3). 

The lilt sen Uigs of (jS2 and QS3 will select the following quantizers (in the 
absence of 3. nr, i 1 or strobe eundi lions) : 

P,it Sellings 

i 
0 

OSS 

0 
0 

QuanIizer 
Selected 

Ql 
n 
y p, 

y.'5 (based on manual video select 

;\~w 



Zone Sector 

Figure 3-16. Clutter Map Store (2 MAI’S - one for yS2 and one for 
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The dut ler processing is performed on an aper i odie basis. The routine may be 
entered any time there is at least one input buffer segment available for pro¬ 
cessing and sufficiently early that it can process to the end of the last input 
buffer Stigment filled at the time of entry without the danger of data overrun. 
Clutter processing shall be performed in tandem with weather hit regulation 
once per two radar processing cycles. An alarm shall be set in the case that 
i-sufficient data is available to measure the clutter density for a particular 
zone sector. In such cases, modification of the corresponding zone counters 
and quantizer select words will be inhibited. (See also 3.3.4.2.4.2.4., 
Performance Moni Luring.) . 

3.3.4.2.4.2.3.2 Weather Hit Hetiulation.- The purpose of weather hit regula¬ 
tion is to control the hit output of the normal (Q2) and MT1 (Q3) rank quant¬ 
izers contained in t he RUAS. For each of the two rank quantizers, control will 
be exercised independently over zones of dimension 2 nm by 32 ACP by adjusting 
the gain on the center taps of the respective quantizers. The gain adjustment 
is made by the weather hit regulation software which processes two weather hit 
words (normal and MT1) each sweep. Fach bit within a weather hit word repre¬ 
sents a weather leading edge hit/no hit indication for a 2 nm interval. For 
each of the two weather hit regulation loops, the weather hits shall be summed 
sweep-to-sweep over a 32 ACP sector to produce two zone weather sums, WHN 
(normal quatnizer) and WHM (MT1 quantizer). These sums will be compared to an 
upper and a lower threshold, WHIN and WHON (Normal) and WHIM and WHOM (MTI) . 
if the sum exceeds the upper threshold, a 5 bit gain value (GN for normal, GM 
for MTU shall be decremented by 1 for that zone. If the sum is less than the 
lower threshold, the gain (GN or GM) will be incremented by one. If the sum 
lies between the upper and lower thresholds, the gain will be left unchanged, 
l'heroiore, if UN(n) and GM(n) represent the normal and MTI gain on scan n, the 
f'o 11 owi nq re i at i on ship holds : 

For normal gain -- 

< A ( rr+ i ) GN Í n j _ 1 
‘■Ai o• I 1 -- GN(n) 

GN(n+.U --- GNUiUT 

WHN > WHIN 
WHON s. WHN s WHIN 
WHN < WHON 

i 

i f 
i J' 

For Mi ! gam - 

GM(nU) :: GM(n) 
GM( ir .1 ) = GM' n; 

if WHN > WHIN 
i f WHOM s WHM £ WHIM 

GMCrrt I) :• GM(nU1 j f WHM < WHOM 

If tin new yam falls outside the range of values 0 to 31, the old gain value 
will not be modified. The normal and MTI gain words shall be held in the zone 
eon!rol map. The processing shall be accomplished on a periodic basis using 
the weather hit words contained in the video store. 

3.:1.-1.2.4.2.4_Performance Moni tor* mi.- Monitoring of RUAS performance shall 
not be accomplished by a single subprogram or routine. Instead, each perfor¬ 
mance monitoring task shall be assumed by that major subprogram to which it is 
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3.3.4.2,4,2.4 (continued) 

most logically related. For example, analysis of the digitizer alarms shall be 
performed in the radar target detection subprogram, counting I he number of 
beacon-radar correlations that shall be performed in the correlation subprogram 
and so forth. asks which have relatively low frequency and response criteria, 
such as the declaration of RUAS malfunction "all-clear", shall be performed 
during system timeout processing. 

The radar performance monitor functions include periodic checks for abnormal 
processing conditions. Both the monitoring of RUAS status, RUAS interface, 
and computer processing shall be provided. System alarms shall be generated 
at the console typewriter when alarm conditions are first detected. In many 
cases, printout of the alarms will continue on a periodic basis as long as the 
abnormal condition persists, followed by an "ALL CLEAR" printout after a 
parametric number of consecutive error-free scans. Control of RUAS alarm lights 
shall also be a performance monitoring function. In the event of a detected 
error, and where possible, the RUAS shall continue processing by exercising 
automatic recovery procedures, but radar reports resulting from data of 
questionable quality shall not be made available to the tracking subprogram or 
for possible correlation with beacon reports. The RUAS malfunctions which 
shall be detectable and their consequential alarms are described in the follow¬ 
ing paragraphs and summarized in table 3-3. 

I) Radar Timing.- A radar timing alarm shall be generated whenever a 
range or azimuth alarm is indicated in an azimuth sweep word 
received from the digitizer. The corresponding alarm light on the 
digitizer shall be illuminated during intervals of persistent 
failures (more than 45 (SP) errors detected in one (SP) scan). 
An alarm light shall remain lit for a minimum of 7 (SP) scans. 
Radar processing shall continue in the event of an alarm con¬ 
dition however, radar reports shall be withheld from the track¬ 
ing and correlation subprograms. 

An alarm message shall be generated every minute (SP) until the 
problem disappears. A radar timing "all-clear” message shall be 
typed out after one (SP) full scan of proper (error-free) timing. 
Normal reporting of radar reports shall also resume at this time. 

2) RUAS Interface.- An alarm indicating a malfunction regarding the 
computer RUAS interface shall be generated whenever one of two 
conditions occurs: Either the IOP did not respond to the RUAS 
request (OUR) for output of zone data in timely fashion or it 
did not honor its request (IOR) to have input data transferred, 
these two types shall be know as a zone service alarm and RUAS 
service alarm, respectively. The RUAS shall indicate that either 
type of alarm had been detected by setting the appropriate status 
bit in an azimuth-sweep word. The computer will determine whether 
an alarm condition is persistent and will illuminate the proper 
KOAS alarm light for such periods or for a minimum number of scans. 
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3.3.4.2.4.2.4 (continued) 

Ra.idr processing shall be continued despite a RUAS interface 
alarm, but radar reports shall be withheld from correlation 
and tracking. An alarm message will be printed the console 
typewriter every minute (SP) as long as the malfunction exists. 
An "all-clear" message shall be typed after one (SP) full scan 
of error-free operation, at which time normal radar target 
reporting will resume. 

3) Parity.- Parity errors shall be detected if they should occur on 
either of two types of data transfer: by the RUAS, if output data 
(a command word or a zone data word) was received with bad parity, 
or by the IUP, if input data was received from the RDAS with bad 
parity. In the latter case, if the processor has stored the bad 
parity word and terminated I/O, the program shall initiate a re- 
synchronization procedure. Buffer indices will be set to over¬ 
write the bad data, and consequently a l-ief interruption of 
radar processing will result. On the other hand, if the processor 
corrects the parity before storage (and jumps to the parity 
interrupt processor) the program shall continue to process using 
the specious data. However, it shall monitor the number of such 
occurrences and, if the frequency of parity errors becomes too 
great, shall suspend radar processing. 

The program shall respond to parity errors detected by the RUAS 
by sending the current command words once again - regardless of 
whether the error was detected in a command word or zone data word. 
The RDAS will operate on erroneous zone data for at most 32 ACPs. 
The parity alarm light on the RDAS shall be turned on immediately 
and will remain lit for a minimum of a parametric number of seconds, 
fcrror messages, in all cases, will be printed at the console type¬ 
writer. 

4) Input/Output.- The instruction chains which govern input and out¬ 
put progression shall contain flag set and clear (IOSET, 1ÜCLEAR) 
instructions which shall give indication of normal and timely data 
transfer. These flags shall be periodically checked by the system 
timeout subprogram to determine whether an alarm condition exists. 
If one is noted, an attempt to restart the program shall be made 
(with concommitant alarm printouts), during which time radar pro¬ 
cessing shall be temporarily suspended. 

5) Video Processing.- System timeout shall also monitor performance 
indicators set by radar input processing. These indicators will 
reflect either that radar input processing has been suspended or 
is not receiving timely entry from the executive. Unless re¬ 
synchronization is already in progress, the program will attempt 
a re-initialization, and during the interim operate in a beacon¬ 
tracking mode. 
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3.3.4.2.4.2.4 (continuuü) 

6) Radar Processing Overload.- The radar processing overload alarm 
shall be generated whenever input processing falls too far behind 
or a report table overflow occurs. Radar processing shall con¬ 
tinue although data losses will be experienced. The alarm shall 
be regenerated every minute (SP) if the conditions continue. 

The condition that the radar processing has fallen behind shall 
be sensed via the buffer filled flags set by the radar input 
chain. The condition shall be checked every time a routine 
of the radar input processing program is referenced by the 
executive. The automatic recovery procedure shall be to set all 
processing indices executive. The automatic recovery procedure 
shall be to set all processing indices and variables ahead one 
buffer segment. One flag shall be maintained for target process¬ 
ing. An additional flag shall be maintained for quantizer control. 
Sensing of table overflow shall be performed on tables defined 
for holding intermediate or final radar reports. In particular, 
the radar record store and radar report store shall be monitored. 
Recovery shall be through the discarding of the report producing 
the overflow. 

7) Synchronization.- The radar input interrupt processor shall invest¬ 
igate every azimuth-sweep word for the presence of the correct 
synchronization code (bits 17-29). A re-initiation shall be 
attempted in the event of an improper or missing sync code. 

An out-of-sync condition may be suspected if the zone update 
procedures in the quantizer control (and clutter processing) 
subprogram discover an insufficience of data for any zone. If 
the insufficience is merely transient, no action other than an 
alarm printout shall occur. Otherwise, the reinitiation proce¬ 
dure shall be begun. 

8) Alignment.- Failure to detect the RTQC test target in each of the 
three quantizers at least M (SP) times based on a specific lime 
interval shall result in an alarm declaration via the console 
typewriter. The alarm shall be continued every minute (SP) until 
the condition disappears. A detection failure shall be noted 
at north crossing time if the RTQC found flag is not set. 

Failure to achieve a minimum (SP) of radar-beacon correlations 
relative to the number of beacon reports in the system shall be 
considered as a possible misalignment between the BDAS and RDAS. 
Corrective response to the error message shall require operator 
intervention either to re-align the hardware or compensate for 
the misalignment by adjusting bias parameters in the program. 

3.3.4.2.4.2.5 RTQC Test Target Control.- 
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3.3.4.4..4f2t5t 1—RT(jC Generdtion.- The radar processing software shall contain 
routine which will be responsible for the control of the RT^C test target. 
This routine will be called on initiation (or reinitiation) of the RDAS, when¬ 
ever bit 17 in command word 0 is changed from one to zero, and whenever the 
position or width of the RTyc test target is ir.nlified. The characteristics 
of the RTQC test target will be contained in two stored words, the RTOC Ranoe 
Word (RPWÜ) and the RTQC Azimuth Word (RPW1) (figure 3-17). W 

When the RTQC control routine is called, it will first clear to zero all system 
diagnostic words in the zone control map and then reference the RTQC azimuth 
word to obtain the test target azimuth. The routine will then subtract 16 
ACPs from the test target azimuth. The resulting azimuth will be used as a 
pointer into the zone control map. When the 32 ACP sector in which this re¬ 
sulting azimuth falls has been determined, the system diagnostic word for 
that sector will be modified as follows (see figure 3-15 for system diaonostic 
word format): w 

1) The range in the TGTR field of the RTQC range word (RPWO) will 
be inserted in the TTR field of the System Diagnostic (SD) word. 

2) the lowest order 5 bits in (TTA-20q) will be inserted in the SA 
field of the SD word and the SE field will be set to one. 

3) The RM field in RPWO will be inserted into the ME field of the 
SD word. 

4) The TTW field in the RTQC azimuth word (RPW1) will be checked to 
determine the zone sector in which the end azimuth of the test 
target lies. If it lies within the same sector wherein the 
(TTA-20g) lies, the EA field within the SD word will be filled 
with the lowest order 5 bits of the TTW field and the EE field 
in the SD word will be set to one. If the end azimuth does not 
lie in the same sector as TTA-20o ACP, the EE field will be set 
to zero. 

^ en3 azimuth of the test target does not fall into the same sector as 
mA-20fl), the TTW field in RPW1 will be used to determine the sector in which 
the end azimuth lies. The system diagnostic word for this zone will then be 
modified as follows: 

1) The range in the TGTR field of RPWO will be inserted into the 
TTR field of the SP word. 

2) The lowest order 5 bits of (TTW + TTA) will be inserted into 
the EA field of the SD word and the EE field will be set to 
one. 

3) The RM field in RPWO will be inserted into the ME field of the 
SD word. 
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RTQC RANGE WORD (RPW0) 

TGTR = Test Target Range 
RM = Range Mask (0 = No Range Mask) 

1 = Range Mask) 
QST = Quantizer Select Test (00 = Ql. 01 = Q2, 

RTQC AZIMUTH WORD (RPW1) 

TTW = Test Target Width 
TTA = Test Target Azimuth 

Figure 3-17. RTQC Range and Azimuth Words 
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3.3,4.2.4.2.5.2 Quantizer Sequencing.- The radar processing software will 
contain a routine which selects a different quantizer in the zone(s) containing 
the RTQC test target each scan. The routine will be entered at zero azimuth 
crossing and will first check the QST field in the RPMO word to determine which 
quantizer was selected for testing on the last scan, if (¿1 was selected on 
the last scan, Q2 will be selected on this scan. If Q2 was selected on the 
last scan, Q3 was selected, Q1 will be selected on this scan. 

When the desired quantizer is determined, the QST field will be updated and 
RPWO and RPW1 will be checked to determine the zone(s) in which the RTQC test 
target lies. The quantizer select words (QS2 and QS3) will be modified to 
select the appropriate quantizer in the zone(s) containing the RTQC test tar¬ 
get. 

3.3.4,2.4.3 Radar Input Processing Data Base.- The data base for radar input 
processing consists of tables for receiving input from the RUAS, holding 
intermediate radar record data, and providing radar reports for beacon/radar 
correlation. Also included are clutter mapping tables, zone control data 
parameters to control the RUAS system parameters, and so forth. System data 
base elements referenced by radar input processing (such as the zone control 
map table) are briefly described in this section, as well as in section 
3.3.4.2.14, where a detailed description may be found. With that exception, 
an explanation of each principal table is given in the paragraphs which follow. 
Relevant program parameters are described in table 3-4. 

1) Radar-In-Process Mask Table (RIPM1T) - This 32-word table (figure 
3-16; contains information indicating whether a radar target is in 
process at a given range. Each word is an in-process mask with 
the following bit significance: 

Bit j of word k (j=0,..., 29 and k=0,...,31) corresponds to the 
1/16 NM range interval between (30k + j)/lb and (30k + j + D/lb 
NM. Each bit position shall indicate the presence (if set to 
zero) or absence (if set to one) of a target in process at the 
corresponding range. The radar in process mask shall be clear¬ 
ed at the range of a target in process in the radar target 
detection subprogram immediately upon detection of a target. 
The mask shall be set after the target report has been final- 
i zed. 

2) Radar Record Store (RRCU1T), RRCD2T) - The radar record store con¬ 
sists of two RRCUTQ-word (SP) subtables (figure 3-19). They shall 
contain data pertaining to targets which have been detected but 
not completed (incomplete records), and target data in a form to 
bo used by report finalization (complete records). All the data 
for a single record (complete or incomplete) shall be contained 
in two words, the first word in subtable one (RRCU1T) and the 
other in subtable two (RRCU2T) occupying the same relative tabular 
position as the first. Uata items included in the record store 
shall be a record type (bit 29, word 1 = 1 for an incomplete record, 
= 0 for a complete record), sweep sum, window length, range of 
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cm 
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MHON 
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WHIN 
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Tl 

T2 

TABLE 3-4. RADAR INPUT PROCESSING PARAMETERS 

DESCRIPTION 

Minimin sweeps per zone for processing clutter 

Clutter Density Paraneter - for clutter hit 
declaration (i=2,3) 

Clutter Increment Parameter (i=2,3) 

Clutter Threshold Parameter - for clutter 
declaration (i=2,3) 

Azimuth Soaking Parameter (i=2f3) 

Range Soaking Parameter (1=2,3) 

Radar sweeps per processing cycle (i.e., per 
radar input buffer segment) 

Radar buffer segments in input table 

Lower weather hit regulation threshold - normal 

Lower weather hit regulation threshold - MTI 

Upper weather hit regulation threshold - normal 
(WH1 - WHO) 

Upper weather hit regulation threshold - MTI 

Window length for final detector 

Number of sweeps (minus 1) used by the software 
predetector 

Final detection threshold, normal case 

Final detection threshold, enhancement 
(T2 - Tl) 

VALUE 

0-63 
(32, nominal) 

0-63 hits 
(14, nominal) 

0,1 
(2 or 4, nominal ) 

0-7 hits 
(5, nominal) 

0-63 sectors 
(1, nominal) 

0-29 zones 
(1, nominal) 

6k 
(k=4, nominal) 

3 (nominal) 

0-63 hits 

0-63 hits 

0-63 hits 

0-63 hits 

17-21 sweeps, 
17 nominal 

2 or 3 

O-WL hits 

O-WL hits 

(TABLE 3-4 continued on page 3-03) 
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(TABLE 3-4 continued from page 3-62) 

ITEM DESCRIPTION VALUE 

ÛHC 

HCD 

Sync 
Code 

MEX 

Final detection threshold increment for 
determination of hit count discrimination 

Hit count discriminator threshold 
(=T1 + AHC) 

Bits 29-17 in Azimuth Sweep Word (Radar Input 
Data) 

Maximum expanded window .length_ 

O-(WL-Tl) hits 

Tl-WL hits 

125250, SC+O 

17-64 hits 
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T 
RRCDTQ 

Words 
(Rach 
Sub- 

Word 1 

Word 2 

CEŒi^EGCŒŒaCDEECODDEmDaDanODDnoa 

111 NU so WL 1 

TH RNG RL SX 

Incomplete Record Format 

Word 1 

Word 2 

ECiE^iSEcajCEEEDDniDEmQananoDonoa 

01 SWP |NU 1 

NU RNG 

S0- 

RL 

WL 

SX 

Complete Record Format 

SO Sweep sum 
WL Required window length 
RNG Range of report, nm, SC + 4 
RL Run length of sums 
SX Hit count 
TH Threshold value 
SWP Sweep number of current index 
NU Not used 

Record n. Word 1 Record n, Word 2 

RRCD1T 
■(Word 1 Subtable) 

RRCD2T 
(Word 2 Sub¬ 
table) 

Figure 3-19. Radar Record Store 
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3.3.4.2.4.3 (continued) 

3) 

4) 

of report (NM, Scaled + 4), window length, run length, bit count, 
threshold, and sweep number of current index. (See figure 3-19 
for format). 

Radar Report Store (RRS1T) - The radar report store is an RRPTQ - 
word circularly-stored table (figure 3-20) containing finalized 
radar reports (one word per report). Reports which have not been 
used by the correlation routine shall be range-ordered in a con¬ 
tinuous block of the table (allowing wrap-around). That is, 
concerning any two reports, the one with lesser range shall be 
nearer the bottom of the table. Each report word will contain 
the following data items: 

Bits 0-11 azimuth of target center, ACPs, SC + 0 

Bits 12 - 14 report quality (Q) assignment (value 0-7, 
right-justified) 

Bits 15 - 24 range of target, nm, sc + 4 (LSB = 1/16 nm) 

Bits 25 - 27 unused (nominally set to zero) 

Bits 28 - 29 radar hold count, RHCP (SP), to maintain 
availablity of report until completion of its 
correlative beacon report (if it exists) 

Clutter Map Store (CMST) - The clutter map store is a 384 - word 
table (figure 3-16) containing the 3-bit zone counters for each 2 
nm by 32 ACP zone in the radar surveillance area. The table shall 
be divided into 128 three-word items, each item correponding to a 
32 ACP zone sector. Bit 8 of each word for a given sector shall 
correspond to the zone bounded in range by 2k and 2(k-l) nm (k*0, 
...,29). For zone k its value shall be given by (Aa^ + 2bk + ck,) 
where a. , b , c are the corresponding bit values contained in words 
j, 2, 3 of the Item, respectively. The zone counters are maintained 
by the clutter processing routine and used to provide sweep-to-sweep 
correlation (integration) of clutter bits (see paragraph 3.3.4.2.3.1) 
Two clutter map stores will be maintained, one for generating 
quantizer 2 select word and another for quantizer 3 select word. 

5) Zone Control Map Table (ZCMT) - The Zone Control Map shall be 
contained in five subtables consisting of 128 items each (figure 
3-15). Each item corresponds to a 32 ACP sector of the area of 
surveillance. The data within an item corresponds to each of the 
30 2 nm zones within a sector. 

1 

1 

1 

Subtable 0S2T contains the Quantizer Select 2 (QS2) words. The 
aggregate constitutes the Quantizer Select 2 map. 
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3.3.4.2.4.3 (continued) 

Subtable QS3T contains the Quantizer Select 3 (QS3) words. The 
aggregate constitutes the Quantizer Select 3 map. 

If bit k in both QS2 and QS3 is set to zero, the normal quantizer 
Q1 is selected for the zone bounded in range by 2k and 2(k+l) nm 
(k=0,...,29). If bit k in QS2 is set to one but in QS3 is set to 
zero, the normal quantizer Q2 is selected in the zone described 
above. If bit k in QS2 is set to zero and in QS3 is set to one, 
KTI quantizer Q3 is selected. Finally, if bit k in both QS2 and 
QS3 is set to one, the Nil quantizer Q3 is selected. The latter 
condition is set into QS2 and QS3 based on a manual video select 
map which encloses ground clutter. 

Subtable SONT contains the system diagnostic (SD) words, one word 
per item, the aggregate constituting the system diagnostic map. 
The SD words have different interpretations depending upon the 
setting of Bit 17 in the display video select field of command 
word 0. If bit 17 equals zero, the SD word contains RTQC test 
target information. Bits 0-9 contain the Test Tarçet Range (TTR) 
field (LSB = 1/16 nm). Bits 15-19 contain the start azimuth for the 
RTQC mask and bit 20 is the Start Enable (SE) field. Bits 21-25 
are the End Azimuth (EA) for the RTQC test target, while bit 26 is 
the End Enable (EE) field. Finally, bit 27 is the Mask Enable (ME) 
field. 

If bit 17 in command word 0 equals one, the bit positions correspond 
to the 2nm X 32ACP zones in the same manner as described for the 
quantizer select words. 

Subtable GWNT contains the normal gain words (GNj), six words per 
item (sector), j=l,...,6. Each word shall contain five 6-bit gain 
fields, GNjk, k=0,...,4. Field GNjk corresponds to the (5j+k+l) 
st zone, i.e., the zone bounded in range by (10(j=l)+2k and 
(10(j-l)+2k+2) nm (see figure 3-15). The most significant bit in 
each field shall be zero, and the five least significant bits shall 
contain the normal gain value for the corresponding zone. 

Subtable GWWT contains the NTI gain words (GMj), six words per item 
(sector), j-1,...,6. This subtable shall have the same format 
as the normal gain table, GWIW. 

Both the normal and MTI gain words shall be updated each scan by 
the weather hit regulation routine (3.3.4.2.4.2.3.2). 

6) Radar Input Store (RIOT) - This is a 38 x RSPCP (SP) word table 
designed to receive input data from the radar digitizer. It is 
divided into RBSTP(SP) = N subtables (segments), each of sufficient 
size to hold RSPCP/N sweeps of data (see figure 3-13). The entire 
table is filled and refilled under control of a continuously run¬ 
ning input chain. Interspersed with the input buffer segment 
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4.2.-1.:) (continued) 

initiation instructions of the chain are others which provide 
interrupts whenever a buffer segment is filled. 

Data for a single sweep consists of 32 video hit words, a pre¬ 
detector word, two weather regulation words, two clutter monitor 
words, and an azimuth sweep word - the format for which is also 
given in figure 3-13. 

7) Command Words (DICWOp, 01CWIP) - Operating parameters for the 
digitizer are contained within two command words formatted as 
shown in figure 3-14. Field definition is as follows: 

a) Command Word Zero (DICWOP) 

Bits 27-28 Command Word Identifier (=00) 
Bit 29 Master Clear Enable/Disable (1/0) 
Bits 17-26 Display Video Select (DVS) 

BlT(s) DISPLAY VIDEO 
17 System Diagnostic Map 
19-18 00 Off 

01 Amplitude Output Q1 
10 Amplitude Output Q2 
11 Amplitude Output Q3 

20 Mfl Limit Map 
22-21 00 Off 

01 0S2*1, QS3=0 
10 QS0=0, QS3=1 
11 yS2=l, QS3=1 

24-23 00 Off 
01 Clutter Density 1 
10 Clutter Density 2 
11 Selected Hit Processing Output 

26-25 00 Off 
01 Weather Hit Output-Normal 
10 Weather Hit Output - WTI 
11 Enhanced Display Output 

Bits 12-16 Digitizer Alarm Light Control (On/Off - 1/0) 
according to type: 
Digitizer Service (Bit 12) 
Zone Service (Bit 13) 
Azimuth Alarm (Bit 14) 
Range Alarm (Bit 15) 
i'arity Error (Bit 16) 

Bits 9-11 Minimum Pulse width - MTI (LSB = 1/63 nm; 
Range of values 1/64 to 7/64 nm). 

Bits 6-8 Minimum Pulse width - Normal (LSB = 1/16 nm; 
Range of Values 1/64 to 7/64 nm). 

Bits 0-5 Percent Noise - Normal (LSB = )% percent; 
Range of Values )¾ to 15-3/4 percent). 
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3.3,4.2.4.3 (continued) 

b) Command Nord One (DICWIP) 

Bits 27-26 Command Word Ident;fier (=01) 
Bit 29 Unused (=0) 
Bits 24-26 Difference from maximum range - normal quantizer 

(LSB-1; range of values 1 to 7 hits). 
Bit 23 Counter Decrement normal quantizer (0 or 1) 
Bits 18-22 Clutter Monitor Threshold One (LSB - 1: range 

of values 1 to 31 hits) 
Bit 17 Counter Increment Normal Quantizer (0: Incr. 2, 1: 

Incr. 3) 
Bits 12-16 Strobe Threshold (LSB = 1; range of values 

1 to 31 hits) 
Bits 8-11 Display Threshold (LSB = 1; range of values 

1-15 hits) 
Bits 4-7 Weather Threshold Normal (LSB = 1; range of values 

1-15 hits) 
Bits 0-3 Predetection Threshold (LSB = 1; range of values 

1-15 hits) 

c) Command Word Two (DICW2P) 

Bits 27-28 Command Word Identifier (=10) 
Bit 29 Unused 
Bits 24-26 Difference from maximum rank - MTI Quantizer 

(LSB=1; range of values 1 to 7 hits) 
Bit 23 Counter decrement - MTI Quantizer 

(0 = Deer. 1.1= Deer. 2) 
Bits 18-22 Clutter Monitor Threshold Two (LSB - 1; 

Range of values 1 to 31 hits) 
Bit 17 Counter increment - MTI Quantizer (0 = Incr. 2, 

1 = Incr. 3) 
Bit 16 Counter decrement - selected (0 = Deer. 1, 

1 = Deer. 2) 
Bit 15 Counter increment-selected (0 = Incr. 2, 

I = Incr. 3) 
Bit 14 Normal Bias Select (0 = Multiplication Bias for 

62; 1 = Subtractive Bias for Q2) 
Bits 12-13 Double Hit Select (00 = No double pulse generation 

01 = 1/64 nm pulse adjacent to pulse output of TQ1, 
2. 3 

10 = 1/64 nm pulse 2/64 nm farther in range than 
pulse output of TQ1, 2, 3 

II = 1/64 nm pulse 4/64 further in range than pulse 
output of TQ1, 2, 3 

Bits 4-7 Weather Threshold - MTI (LSB = 1; 
Range of values 1 to 15 hits) 

Bits 0-3 Unused 
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11.3.4.2.5 Beacon Incut Processing.- The following paragraphs describe the 
requirements and design of beacon input processing. 

3.3.4.2.5.1 Genera) Requirements.- The beacon input processing task shall 
be to accept replies from the Beacon Data Acquisition Subsystem (BUAS», corre¬ 
late them on a sweep-to-sweep basis, and store the declared target messages for 
use by the beacon/radar correlation subprogram. 

The input received from the BOAS for each sweep shall consist of an interrupt 
word, an initial word, and up to thirty reply words. The initial word speci¬ 
fies the azimuth value (parts of 40%), interrogation mode, and various alarms. 
A reply word consists of the reply range, 3/A or C code, X bit, Special Posi¬ 
tion Indicator (SPD bit, and a garbled reply indicator. An additional bit may 
also be set if the 3/A code is a special code indicating emergency or radio 
failure. The reply words shall normally be in ascending order of range and have 
the format shown in figure 3-21, The initial word shall be checked for reason¬ 
able azimuth, proper interrogation mode (mode interlace), and alarm bit set- 
ting, with alarm printouts generated in case of failure. 

The reply words shall be used for correlation with previously received reply 
words for possible generation of target report messages. System parameters 
shall be used for determining firm targets, split targets, and ring-around 
conditions. Declaration of a firm target shall result in the storage of 
applicable data in the beacon target report store for subsequent processing by 
the beacon/radar correlation subprogram. This data shall consist of range, 
center azimuth, mode 3/A code, mode C code (if present), validity field for 
each code, SP1 bit, and a weak/strong target indicator (W) based on azimuth 
confidence. A count of the interrupts received shall be maintained to deter¬ 
mine Pulse Repetition Frequency (PRF) rate and an alarm printout shall be 
initiated if the count is not within limits. 

Receipt of an internal test target shall also be verified once each scan. A 
test target shall be located approximately 32 ACPs in a clockwise direction 
fcom 100® at a range of 59 1/16 nautical miles. Failure to locate the test 
target shall result in a failure printout. 

3.3.1.2.5.2 liesicm.- Beacon input processing shall be referenced from the 
executive as a planned (periodic) task. It shall operate on a basic cycle time 
of approximately 92.5 ms. A diagram of the data processing flow is shown in 
figure 3-22. Input shall be controlled by a continuously running input chain 
maintaining one rotating (circular) input buffer. 

Upon entry, the beacon input processing subprogram shall determine (from the 
buffer control words) the location of all new input. 

On a periodic basis, replies shall be merged with the target record. Starting 
with the sweep last processed plus one, sweep n shall be merged with the data 
previously stored in target record A, and this merged data shall be stored in 
target record B. Sweep n+1 shall be merged with target record B and stored 
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a.3.4.2.S.2 (continued) 

in target record A. Thi» alternating merge shall continue until the sweep 
determined by the radar input asimuth (UNIS flag set) or by beacon input pro¬ 
cessing aaimuth (UNIS flag not set) or until the l*t reply index, Kbl'K, 
determined by the input BCW, has been reached. The end of a given sweep is 
detected by testing for the negative aaimuth word. 

During the merging process, the new reply ranges shall be matched against the 
target record ranges. A match (within 1/lb nm) shall result in a hit. If no 
match is found, the result shall be a new record for a reply and a miss for a 
target record. The merge and store process preserves range order in the beacon 
record stores. Correlation of a parametric number of replies shall result in 
declaration of a target, determination of a target split (that is, not enough 
hits in a parametric number of sweeps), or a ring-around condition (that is, 
too many hits in a parametric number of sweeps). 

The target detection logic shall consist of predetector and expanding window 
logic. The predetector shall be used for determining target leading edge (Tl>. 
The predetector shall declare Ti if m hits are detected before n consecutive 
misses. For low values of m ana n, this approach closely approximates the 
sliding window detector but does not require tables and has more flexibility. 

Once Tl is declared, a windrw shall be constructed beginning with the first 
hit used for Tl declaration. This window shall be maintained by hit and sweep 
counters and shall expand each sweep. The expansion of the window shall con¬ 
tinue for a minimum of Rmr sweeps (SP) to insure that a split target is not 
declared as two targets (See table 3-5). After minimum run length has been 
attained, the target trailing edge (Tj) shall be declared when My4r (SP) con¬ 
secutive misses are received. If the trailing edge is not declared after RNGr 
sweeps (SP), the target shall be considered ring-around. 

Upon detection of T-j, the number of hits shall be examined to insure that a 
minimum number of hits have been received. Less than this amount will cause 
the target to be discarded as fruit. Detection is a two level process using 
two minimum hit counts, Hy4r and Hy4rT. These hit counts are successively 
weaker and the lower value indicates confidence brought about by having a track 
in the immediate vicinity of the hits being processed. The hit count is first 
checked for Hy4r and if it fails this test, the target present map (figure 3-23) 
shall be checked to determine whether a track is present near the hits being 
processed. If the map indicates track presence, the weaker threshold, Hy4rT, 
shall be used. Less than Hy4r (or Hy4rT when a track is present) hits shall 
result in discarding the record as fruit. 

Ring-around targets shall be declared if a ring discard flag, Rd (table 3-5), 
is not set. All targets considered ring-around (declared or not) shall be 
maintained for a parametric number of sweeps (INHB) in order to inhibit further 
attempts to declare a target at that range. Split targets shall be detected 
using the expanded window technique but may be flagged as weak targets (low 
azimuth confidence). 
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TABLE 3-5. BEACON DETECTION PARAMETERS 

Parameter Function Value Range 

My3 

Hy3 

My4r 

Hy4r 

Rmr 

TQyr 

RNGr 

INHB 

Rd 

CORF (=fJ 

llydrt 

REPE 

Value of MISS at which record discarded 
prior to leading edge detection 

Value of HIT at which leading edge shall 
be declared 

Minimum value of MISS at which trailing 
edge shall be declared 

Minimum allowable hits per target 

Minimum allowable run length (sweeps) 
Used in target split determination 
Must be greater than or equal to My4r 
plus Hy4r 

Number of HITS for strong target 

Maximum number of sweeps allowed before 
target is declared a ring-around 

Total sweeps to inhibit a ring-around 
Must be less than scan PRF rate 

Ring discard flag. Ring-around targets 
shall be discarded if this flag is set 
and declared if not set 

Coefficient of BAMS/SWEEP for center 
azimuth and computation. f=40%/N, where 
N equals number of sweeps per scan 

Minimum allowable hits per target, track 
correlated (Hy4rt - Hy4r) 

Index to last beacon sweep processed by 
beacon input processing during one refer¬ 
ence by the executive 

2-6 

2- 5 

2-0 

3- 27 

5-35 

4-27 

30- 60 

31- 1600 

0-1 

0-7 

Nt/IE: y = a for aircraft responding to mode 3/A only 
y - c for aircraft responding to mode 3/A and mode C 
r = range index 

0 = 0-16 nm 
1 - 16 1/16-32 nm 
2 = 32 a/16-40 nm 
3 ~ 40 1/16-64 nm 
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3-96 



3.3.4.2.5.2 (continued) 

If a target is to be declared, a center azimuth must be computed. During a 
target run, the following counters shall be maintained: HIT, SMEEP, and MISS 
(see figures 3-24 and 3-25). The MISS counter is used only for trailing edge 
detection and shall be cleared upon receipt of each hit. In addition, a fourth 
counter (SUIffi) shall be maintained by adding the value of SWEEP each time a hit 
is detected. These counters shall be used in the computation of center azimuth 
by a "center of density" technique. Center azimuth (AZc) shall be computed 
using the azimuth at trailing edge (AZMt) and a constant (COEF) which repre¬ 
sents a system parameter for conversion to BAMS/sweeps (table 3-5). The equa¬ 
tion to be used is as follows: 

AZc = AZMt - COEF (SWEEP - SUMH/HIT). 

The range and computed azimuth shall be used to form the first word of the 
target report to be stored in the beacon report store (figure 3-26) for sub¬ 
sequent processing by the correlation subprogram. Prior to storing this word, 
a check is made to determine if the target is in the internal test target 
sector. If it is, the range, azimuth, and 3/A code shall be compared against 
prestored internal test, target parameters. If a match is found, a test target 
found counter shall be incremented. The target shall then be declared (Jump 
Key 2 not set) or discarded (Jump Key 2 set). 

If a valid altitude (Mode C) code is available, it shall be converted from grey 
code to Binary Coded Decimal (BCD). A modified table-look up technique shall 
be used where combinations of bits are used as indices in obtaining the convert¬ 
ed binary value from a corresponding table. Once the binary altitude is formed, 
it shall be corrected for barometric pressure if equal to or below an altitude 
level corresponding to the current altimeter setting. The formula used in 
the correction is as follows: 

A = H 6b(925 + 13ûb), 

where: 

A = altitude in feet corrected for barometric pressure 
H = Mode C pressure altitude in feet 
b = altimeter setting 

ab = 29.92 - b. 

The corrected binary altitude shall then be converted to BCD. 

Validation shall be maintained on 3/A and C codes on each hit received after 
leading edge declaration. The validation of a 3/A code shall include the S, 
E, and R bits (figure 3-25). The validity fields, along with the 3/A code, 
converted altitude, and SPI bit will comprise the second word of the report 
stored in the beacon report store. A target quality indicator hit shall also 
be set indicating a strong azimuth confidence if TQyr hits (SP) were received 
during target run length. A reasonableness check shall be made on each azimuth 
to assure it is a clockwise direction from the previous azimuth received and 
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3.3.4.2.5.2 (continued) 

within a pre-stored number of ACPs. Mode bits shall be checked for valid 
settings (either 3/A or C codes follow) and also to assure that a proper mode 
interlace is being observed. A PRF counter shall be maintained (incremented 
once each sweep) and checked each scan for proper rate. The internal test 
target counter shall also be checked once each scan to assure the target was 
found. Error printouts shall be initiated if any of these tests fail. 

Entry to the beacon input processing subprogram may be triggered upon detection 
of a parity error. An alarm printout shall be initiated for this type of error. 
An overload condition may also arise when the input data overruns the process¬ 
ing. If too many replies were received, the additional ones shall be lost. An 
overload alarm printout shall occur in this case. 

3.3.4.2.5,3 Beacon Input Processing Data Base.- The Beacon Report Store and 
Track Present Map referred to in the foregoing section are common to the 
Beacon Radar Correlation and Tracking subprograms, respectively. Details may 
be found in 3.3.4.2.14, System Data Base, but a brief description of each is 
given below. The Beacon Input Store and Beacon Record Stores are used only by 
beacon input processing and are fully described here. Relevant program para¬ 
meters are also described in tables 3-5 and 3-6 . 

1. Beacon Input Store (figure 3-21). A DASBLIP-word (SP) circularly 
stored table, containing azimuth and reply words from the DAS. 
Reply word formats are shown in figure 3-27. 

2. Beacon Record Stores (figure 3-24). Two NRECIQ-report (SP) 
(i.e., two 3 X NRECIQ-word) alternating range-ordered tables, 
containing the records for each target being processed. Record 
word formats (3 record words per target) are shown in figure 3-25. 

3. Beacon Report Store (figure 3-26). An NREPIQ-Word (SP) circularly 
stored table, containing the reports for all targets declared by 
beacon input processing. Each beacon report consists of two words 
formatted as also shown in figure 3-26. An index to the next 
available storage location in the Beacon Report Store is available 
at AREA (LHW). 

4. Track Present Map (figure 3-23). A 128-word table maintained by 
tracking which reflects the zones (12 nm x 32 ACPs) which are in 
the proximity of an active track. A track is to be considered 
present between 2K and 2(K+1) nm and between 32J and 32(J+l) ACPs 
if bit K is set in word J of the Track Present Map (K = 0,...,29) 
and j = 0.127). 

3,3,4.2.6 Beacon Radar Correlation.- The following paragraphs describe the 
requirements and design of beacon/radar correlation. 
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TABLE 3-t). BEACON COUNTER, FUGS, ANO STORAGE 

Item Processing Function Value Range 

HIT 

MISS 

SMEEP 

SUMI 

Va and Vc 

N 

C 

RINGC 

AZc 

AZMt 

T 
T 

PRF1Q 

OASBL1P 

NR EC IQ 

MEP1Q 

Measure of the number of replies received 
during a target run. 

Measure of the consecutive number of times 
no reply was received for a record. 

Count of the number of interrogation sweep 
modes during a target run. Used to determine 
ring-around condition and in computation of 
center azimuth. 

Summation of SWEEP count at each hit. Used 
in computation of center azimuth 

Leading edge has been declared when set. 

3/A and C code validity fields 

Target Quality Indicator: Oaweak, l=strong 

Indicates Mode C interrogation responses if 
set. 

Number of ring-around targets during the past 
time interval. 

Center Azimuth in BAMS, scaled +29 

Last recorded sweep azimuth in BAMS, scaled 
+29. 

Target Trailing edge has been declared if set 

Beacon prf 

Length of Beacon Input Store (=11* FFRFlQ/àl, 
nominal) 

Maximum number of records in Beacon Record 
Store. 

Maximum number of Words in Beacon Report 
Store. 

0-31 

0-15 

0-1600 

0-1830 

0-1 

0-3 

0-1 

0-1 

0-1 

300-445 pps 

407-605 
words nominal 

45 records or 
135 words - 
nominal 

125 reports 
or 250 words- 
nominal 
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3.3.4.2.6.1 General Refauirements» lhe task of the beacon/radar correlation 
routine shall be to correlate beacon and radar reports representing the same 
aircraft and to derive a common position (i.e., merged) repoit. 

3.3.4.2.6.2 Design.- This routine shall operate on data stored in the beacon 
raoort store and the radar report store. Ultimately, it shall pass each report 

ough to the target report store, as a beacon only report, a radar only 
report, or as a merged report. 

Due to the beamwidth of the respective equipment, the existence of the completed 
beacon report implies a completed radar report (if any), but not vice versa. 
Therefore, during each processing cycle all beacon reports shall be removed 
from the beacon report store, an attempt shall be made to correlate each with 
available radar reports, and then they shall be inserted into the target report 
store, either as a beacon only or as a merged report. 

A radar report may be completed before its beacon correlative (if it exists). 
For that reason some radar reports shall be held in the radar report store 
throughout RHCP (SP) additional processing cycles, a duration not to exceed the 
expected time required to complete the beacon report, or until correlated with 
a beacon report. If correlation has not been achieved in this time interval, 
the radar report will be ir.serted into the target report store as a radar only 
target. 

The beacon reports to be processed in a given cycle shall be first ordered 
according to range, which shall be similar in that respect to the radar reports 
available in the radar report store. The processing shall take advantage of 
this order. If two radar reports were within 1/16 nm in range and one degree 
in azimuth, the report with lower quality shall have been eliminated. Thus, 
the reports appearing in the radar store shall be separated by at least 1/10 
nm in range and one degree in azimuth. Correlation begins with an attempt to 
correlate the beacon report which is nearest in range, with the radar report 
which is nearest in range. Four situations may occur: 

1) Correlation is achieved. That is, the ranges of the two reports 
a.e within iMRNGP(SP) nm and their azimuths are within MAZP(SP) 
ACPs. In this case the beacon and radar reports shall be merged 
into a single report. The range and azimuth of the merged report 
shall be linear combinations of the two ranges and azimuths, 
respectively: 

Ru = RXP. Rß + (1-RXP).Rr 

Am = AXP. Ag + (1-AXP) ‘Ajj, 

where RXP, AXP are system parameters based on a minimum variance 
estimate. The merged report shall contain a 3-bit field indicating 
the quality of the radar report. The target report store shall 
finally receive the merged report. 
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3.3.4.2.6.2 (continued) 
KiÄiJÄ 

2) 

3) 

4) 

The ranges of the two reports are within MRNGP nm but the azimuths 
are not within MAZP ACPs. In this case the beacon report will be 
inserted in the target report store as a beacon only report. If the 
Report Hold Count. RHC (see figure 3-28). is zero, the radar report 
will be reformat ted and inserted in the target report store as a 
radar only target. Otherwise, the RHC for this report will be de¬ 
cremented by 1, and the radar report placed back into the radar 
report store to become eligible for possible correlation during 
the next processing cycle. v 

lhe radar report is farther in range than the beacon report. In 
this case the beacon report will be inserted into the target report 
store as a beacon only target. The radar report will be the first 
to be considered for possible correlation with the next beacon 
report (if any). 

The radar report is closer in range than the beacon report. In 
this case, the radar report will be inserted into the target report 
store or placed back into the radar report store, according to the 
value of its report hold count, in the same manner as described 
under 2). Whichever the case, the beacon report shall then be 
tested for possible correlation against the next radar report 
greater in range than the last. 

After the attempt has been made to correlate the first report, the next beacon 
report greater in range will be considered and the cycle described above shall 
be repeated. After the last beacon report has been processed, radar reports 
"¡¡y b®.1®ftkwh*?h are farther in range than the last beacon. When this occurs, 
tney shall be disposed of in the manner described in 2). 

!h1SnA?U-ine Sha11 ust\lhe currenl BÜAS azimuth (or the digitizer azimuth if 
the DAS is inoperative) to determine a sector (11 1/40) boundary crossover, 
fa new sector is detected, the sector target access store for the last sector 

will be updated to reflect the total number of reports for that sector and the 
address in the target report store of the first report for that sector. Also 
the current real time clock value will be stored in the sector time store 
indicating when processing of the new sector began. 

The correlation routine shall provide a count of the number of beacon-only 
targets and merged radar-beacon targets as a performance monitor function for 
the purpose of detecting possible misalignment of the RDAS and BDAS. 

Correlation sha.il operate on a cyclic basis coincident with but subsequent to 
beacon input processing. That is, it shall be entered from the executive anorox- 
imately every 62.5 ms following the completion of BIP. ^ 

3J_f4 2.6.3 Beacon Radar Correlation Data Base.- The radar, beacon and tarnet 
report stores referred to in the foregoing section are common to the Radar 
ivüîv FI"allzaftl0n; Beacon InPut Recessing and Tracking subprograms, respect¬ 
ively. Th( sector target access store and the sector time store are also referred 
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3.3.4.2.6.3 (continued) 

to by the tracking subprogram. Details of these five tables may be found in 
3.3.4.2.14, System Data Base, but a brief description of each is given below. 
The range-ordered beacon report table is used only by beacon/radar correlation 
and is fully described here. Relevant program parameters are also defined 
(table 3-7). 

1) Beacon Report Store (figure 3-29) is an NREP1Q - word (SP), 
circularly stored table, containing the 2-word beacon reports 
declared by Beacon Input Processing. The data available for 
processing on a given cycle is between INBRO (UHW) and AREA (LHW) 
-1, which are indices to the first word of the first report and the 
second word of the last report, r-. spectively. 

2) Beacon Report Store - Range Ordered (figure 3-29) is an NREP1Q - 
word (SP), non-circular table, containing the beacon reports for 
the current processing cycle. The reports are stored at the 
beginning of the table in order of increasing range. The process¬ 
ing limit is given as the total number of report words to process 
(minus one) in INBRO (LHW). 

3) Radar Report Store - Range Ordered (figure 3-28) is an RRPTQ - 
word (SP), circular table, containing the radar reports for a given 
processing cycle. Storage and retrieval of reports is effected 
using push-pull instructions. 

4) Target Report Store (figure 3-30) is a TRSTQ - word (SP) circular 
table containing all reports (beacon only, radar only and merged 
radar-beacon) for tracking (two words per report). The index to 
the available storage location is given in AREAT (LHW). 

5) Sector Target Access Store (figure 3-31) is a 32-word table 
containing information to access the target report store on a 
sector (11 1/1°) basis. The index to the first report in sector 
R is contained in the LHW of Word R (R=0.31). 

6) Sector Time Store is a 32-word table containing the times (real 
time clock) at which processing of each of the sectors last 
began. (Figure 3-31). 
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TABLE 3-7. BEACON RADAR CORRELATION PARAMETERS 

Mnemonic 

NREPIQ 

RRPTQ 

TRSTQ 

RHCP 

MRNGP 

MAZP 

RXP 

AXP 

Function 

Length of Beacon Report Stores 

Length of Radar Report Stores 

Value 

250 (Nominal) 

90 (Nominal) 

Length of Target Report Stores 750 (Nominal) 

Radar Report Hold Count 0-3 

Maximum deviation between ranges 
of correlated reports 

N.M.. SC+4 
(1/16 nm - nominal) 

Maximum deviation between) azimuth 
of correlated reports 

ACPs, SC+O 
(170ACPs or approx 
1.5° - nominal 

Minimum Variance Parameters fcr 
merged report range 

0-1 
(.5 - nominal) 

Minimum Variance Parameters for 
merged report azimuth 

0-1 
(.635 - nominal) 

3.3.4.2.7 Keyboard Input Processing.- The following paragraphs describe the 
requirements, design, and data base for keyboard input processing. 

3.3,4,2.7.1 General Requirements.- Keyboard data shall be input to the ARTS 
III operational program via a separate input channel for each Data Entry 
Display System (DEDS). The input data from each DEDS shall consist of one Type 
I word (display console settings: range scale and off-centering) and three 
Type II words (keyboard data: quick look selection, trackball coordinate 
changes, and data/function characters). The sections which follow list the 
detailed processing requirements for the Type I and Type II keyboard input 
words. 

3.3.4.2.7.1.1 Type I Input Data Words.- The Type I data word shall contain 
the associated display console's range and off-centering data. The automatic 
offset task, the controlled track single symbol filtering (by X, Y) task, and 
the uncontrolled track single symbol and LDB (Limited Data Block) filtering 
(by X, Y) task shall also use range scale and off-centering data. 
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3.3.4.2.7.1.2 Typa II Input Data Words.- Each Type II data word shall contain 
data pertinent to a specific controlling position on a display console (with 
up to three active controlling positions per console). Each controlling posi¬ 
tion on a console has a unique data entry keyboard, trackball, and quick look 
selection switch. The quick look data bits shall be stored for use by the 
display output task in displaying track format readouts. Only one quick look 
bit will be set at any one time. Each quick look bit corresponds to a partic¬ 
ular controlling position (system parameter). 

The trackball coordinate changes represent the coordinate change increments 
(including sign) accumulated since the last transmission of data from the 
display console to the computer. This data shall be used to update the con¬ 
troller's trackball symbol coordinates. The trackball coordinates shall also 
be saved for later use if the trackball function code is received. 

The data/function character code in the Type II display input word represents 
the current state of the controller’s keyboard. Since each keyboard status 
is sensed by the computer approximately every 33 milliseconds, special checks 
shall be made (for example, to detect the depression of a new keyboard character 
as opposed to continuously depressing the same key). This detection logic 
shall be facilitated by using the idle function character which denotes the 
idle state of a keyboard. The rule is that for successive entries of the same 
data or function character, the idle character must be received (by the 
computer) between the successive entries. 

As data and function character entries (keyboard depressions) are detected, the 
appropriate changes shall be made to the controller's preview display. A 
preview display consisting of message characters and a readout area shall be 
associated with each keyboard. The readout area shall present error readouts 
and controller-requested readouts. The message characters shall be presented 
on the display console as entered. The paragraphs which follow describe all 
of the data/function characters input from the keyboards. 

3.3.4.2.7.1.2.1 Control Function Characters.- Certain of the data/function 
characters in the Type II input data words shall be interpreted as preview 
control characters. They include the clear, backspace, enter, trackball enter, 
idle, and disconnect characters. 

3.3.4.2.7.1.2.2 Clear Function Character.- The clear character shall cause 
the message enterer’s preview area to be erased. If the keyboard is in the 
multiple function mode, the multiple function shall continue to be displayed 
in the preview area. If the preview area contains an error readout, it is 
erased. 
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3.3.4.2.7.1,2.3 Backspace Function Character.- The backspace character shall 
cause the last displayed character in the preview area to be deleted (so that 
the next entered character will occupy the location of the deleted character). 
Any number of characters may be deleted from a preview area by consecutively 
depressing the backspace key. Thus, single or multiple character corrections 
may be made to a preview area without the necessity of erasing the whole 
message and starting over. The backspace character shall be ignored after a 
trackball; that is, the trackball entry cannot be deleted by a backspace entry. 

3.3.4.2.7.1.2.4 Enter Function Character.- Receipt of the enter character 
shall trigger processing of the preview message as a complete display input 
message, and shall inhibit further modification of the preview data. Only 
after the input message has been processed shall additional data/function 
characters be recognized by the computer complex. After successful processing 
of the entire preview message is complete, the preview lines shall be cleared 
(except the multiple function, if entered) and made available for new keyboard 
entries. If any part of the keyboard message is illegal or illogical, and 
therefore unacceptable to the computer, message characters shall be retained 
and a descriptive error indication shall be added to the preview area. No 
further data/function character data shall be accepted from that keyboard 
until the clear or disconnect function character is received. 

3.3.4.2.7.1.2.5 Trackball Enter Function Character.- The trackball enter 
function character shall be treated exactly as an enter function character 
(except for the first trackball received in a reposition operational function, 
which, if entered immediately after the reposition function, shall be considered 
as identity data). In addition, the current trackball coordinates shall be 
considered as part of the preview message to be processed. 

The trackball coordinates shall be returned to a home position except when the 
trackball is used as identity data in a track reposition message or when the 
multiple function mode is used for track drop and track handoff messages. 

3.3,4.2.7.1.2.6 Idle Function Character.- The idle character shall indicate 
that a keyboard is in the idle state. The idle character shall be transmitted 
to the computer whenever no keyboard character or function key is being de¬ 
pressed. 

3.3.4.2.7.1.2.7 Disconnect Function Character.- The disconnect character shall 
indicate that no keyboard is connected to the particular terminal indicated. 
The preview area lines shall be erased. In addition, whenever a disconnect 
character is received on a previously connected keyboard, an error message 
(KEY IN FORMAT) shall be printed on the console typewriter. 
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&i.ib4j?f7«^t2r8—Operational Data/Function Characters.- The operational data/ 
function characters f through 9, A through 2, period, plus, triangle, virgule, 
asterisk, space, and FI through F16 shall be used to designate specific tasks 
to be perfonaed with respect to initiating and controlling tracks, selecting 
track readouts, relocating tabular data, making configuration changes, and so 
forth. All such operational tasks are summarized in table 3-8. 

The operational data/function characters shall be displayed in the enterer's 
preview area in the next available character slots. The data characters shall 
be displayed exactly as entered (an alphanumeric shall be displayed as that 
alphanumeric). Data characters entered after a space (field separator) shall 
be presented on a new line. The operational function characters shall be dis¬ 
played as special characters as follows: 

Operational Function 
Character Preview Display 

FI 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 

ST 
RP 
SU 
DR 
to 
DA 
F 
MP 
SV 
IL F10-F16 

Upon receipt of the first character following the F7 (multifunction) entry, 
a space shall be inserted in the preview area by the program. In this way, 
all messages will begin with two characters and a space (this three character 
field may be preceded by the M for the multiple function mode). 

If the letter M is specified as the first preview character of a message, the 
program shall provide for multiple entries of the message function without 
requiring re-selection of the function. The automatic re-selection of the 
entered function shall occur upon completion of processing a previewed message 
(instead of erasing all message characters, all but the first four characters 
shall be erased). The automatic re-selection of a function shall be disabled 
upon receipt of a new function. 

3.3.4.2.7.1.2.9 Illegal Character».- If a character received in a Type II 
data word is not within the repertoire of the Keyboard, the readout "ILL CHAR" 
shall be displayed in the associated keyboard's preview area. The error read¬ 
out shall be cleared upon receipt of a clear, enter, or disconnect. 
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3.3.4.2.7.1.3 Keyboard Input Word Parity Error.- When the IOP detects a 
parity error on an input word, the following occurs on the channel which inputs 
the data: 

1) The input buffer is terminated. 
2) The input chain is terminated. 
3) The input word is stored in memory with bad parity. 
4) A channel-oriented interrupt, called an I/O line parity error 

interrupt, is generated. 

The program shall perform the following tasks: 

1) Display "PARITY ERR" in line two of each keyboard's preview area 
(on this scope). This error readout shall be erased upon receipt of 
the clear or disconnect function character. 

2) Printout KEY IN PAR (channel number) on the console typewriter. 
3) Abort the keyboard input buffer. 
4) Re-initiate this channel's keyboard input chain to input only the 

remaining words of the four-word input buffer. 

3.3.4.2.7.2 Keyboard Input Processing Design.- The keyboard processing 
functions shall be performed by an external interrupt routine, Keybcard Inter¬ 
rupt Processing (KIP), by an executive subprogram, Keyboard Operational Func¬ 
tions processing (KOF), and by various subroutines as shown in figure 3-32. 
The KIP routine shall receive control via a channel interrupt on any of the 
Data Entry and Display Subsystem (DEDS) input channels. The DEDS input chains 
are initiated by the executive preset program and may remain continuously 
active (the last chain command of each DEDS input chain may be a jump instruc¬ 
tion to the beginning of the chain). Upon detection of an enter or trackball/ 
enter character, the KOF subprogram shall be flagged for processing completed 
preview messages by executing the appropriate functional processing subroutine 
(track start, track reposition, multifunction preview, and so forth). 

The following sections provide detailed design requirements for the KIP routine 
and the KOF subprogram. 

3.3.4.2.7.2.1 Keyboard Interrupt Processing (KIP).- The KIP routine shall 
process all DEDS channel interrupts. The main interrupt routine KIP shall be 
executed from a number of preprocessing interrupt routines (one per DB)S 
channel). The preprocessing interrupt routines provide KIP with the channel 
number on which the interrupt was received. The various types of interrupts 
received on the DEDS channels are: 

1) Input chain monitor interrupt 
2) Input line parity error interrupt. 
3) External interrupt (radar). 
4) External interrupt (output parity error). 
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Figure 3-32. Keyboard Input Processing Design Block Diagram (Sheet 2 of 2) 
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3.3.4.2.7.2.1 (continued) 

The interrupt status words shall be pushed into a different push-pull list for 
each DEDS channel. The KIP routine shall pull the interrupt status words from 
the appropriate channel's push-f>ull interrupt status word table. The sections 
which follow describe the detailed processing requireoents of the various 
types of interrupts. 

3.3.4.2.7,2.1.1 Input Chain Monitor Interrupt.- Upon receipt of an input 
chain Monitor interrupt, the KIP routine shall process the respective DEDS 
channel's four-word input buffer. Each DEDS input buffer shall consist of 
one Type I data word and three Type II data words (one Type II word per key¬ 
board). The Type I data word shall contain range and off-centering changes (if 
any). 

The Type II data words shall contain quick look bits, track ball coordinate 
changes, data/function character codes, and the keyboard identification codes. 
All keyboard entries shall be reflected in the Type II data words. 

The Type I and Type II data words for each display console shall be transmitted 
to the computer following completion of that display's alphanumeric refresh 
(approximately every 33 milliseconds). This shall be accomplished by always 
maintaining an active input chain for each display channel. The DEDS, then, 
shall transmit the four input words to the computer upon receipt of the end-of- 
refresh command from the computer. 

Since the Type I and Type II display input data words shall be processed in the 
computer interrupt state, the computer time comsumed by processing this data 
must be minimized. This shall be accomplished by structuring the logic such 
that the most frequent type of processing required is accomplished the fastest. 
For example, the input data words will usually not have changed from the pre¬ 
vious cycle. Thus, the logic shall be structured to detect this condition 
immediately. 

The Type II word quick look data shall be stored in the display parameter 
tables (see 3.3.4.2.14.4.5) for use by the display output processing subprogram. 
The Type II word track ball change data (if changed) shall be used to update 
the keyboard's trackball coordinates (see 3.3.4.3.14.4). 

The Type II word data/function character (if changed) shall ¡be used to make 
the appropriate changes to a keyboard's preview message (see 3.3.4.2.14.4.4). 
The detailed logic of processing the data/function characters is described in 
3.3.4.2.7.1. 
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3.3.4.2.7.2.1,2 Inr>ut Line Parity Error Interrupt.- Whenever an input data 
line parity error interrupt or an external interrupt line parity error 
interrupt is received, a printout of "KEY IN PAR (channel number)" shall be 
provided on the console typewriter, and a display of "PARITY ERR" shall be 
provided in the second line of each keyboard's (on that DEDS channel) preview 
area. 

In addition, for an input data line parity error, the DEDS input buffer shall 
be re-initiated from where it stopoed. It must not be re-initiated from the 
beginning since this may cause the input data words to be input into the wrong 
positions in the input buffer (the Type I word must always be input into the 
first word of the buffer). 

3.3.4.2.7.2.1.3 External Interrupt.- The status field of the external inter 
rupt code woru shall be interpreted. If the Interrupt indicates an output 
data line parity error, a printout of "DISOUT PAR (channel number)" shall be 
provided on the console typewriter. All other external interiupts shall be 
processed ~s indicated in tne fi Hawing paragraphs. 

3.3.4.1.7.2 1.4_Hi egal Interrupts.- These DEDS channel interrupts shall be 
considered illegal: output chain monitor interrupt and external interrupt 
(except for output dita line parity error). 

A printout of "KEY ILL i\T (channel number)" shall be provided on the console 
typewriter. 

3.3.4.2.7.2.2 Keyboard Operational Functions Processing (KOF).- The keyboard 
operational functions processing (KOF) task or subprogram shall process all 
completed preview messages. The preview messages'characters shall be 
interpreted, the message shall be examined for completeness and for validity, 
and the required operational processing shall be initiated. 

In general, the input messages shall be composed of the following data: 

1) Operational function 
2) Identity daia 
3) Associated data 
4) Trackball coordinates (slew data). 

The operational function shall designate a specific action desired in response 
to a message entry. Exactly one operational function may be selected for 
each message. 

Certain operational functions (multifunctions) shall be considered "prime". 
In general, identity data, primarily trackball coordinates, would be the only 
required controller entry to compose and initiate processing of certain 
messages. The entry of the specific function character shall not be required. 
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3.3.4.2.7.2,2 (continued) 

The prime functions (multifunctions) are: 

1) 

2) 

3) 

4) 
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2) 

3) 
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3.3.4.2.7.2.2 (continued) 

The associated data entered in a message may consist of aircraft identification, 
beacon code, tabular line character, controller character, altimeter setting, 
beacon altitude limits, time data, entry/exit fix, or other keyboard data char¬ 
acters. 

The data characters OK shall be interpreted as meaning that the message enterer 
need not necessarily be the controller of the track identified in the message. 
The use of the letters OK shall be used to allow a non-controller of a track to 
terminate, resume tracking, initiate a hand-off, modify data, or transfer con¬ 
trol with respect to that track. 

The trackball coordinates associated with a message shall be used to identify 
a track format (that track which is closest to the entered coordinates) or to 
specify a position on the display to which tabular data shall be moved. For 
PRE, TAB, and SYS multi-functions, the trackball shall be entered in display 
coordinates. 

When trackball coordinates associated with a message (e.g., Track Start to 
activate tracking, or Reposition) are used to position a controlled track onto 
a particular location, a search of all uncontrolled tracks in CTS shall be made 
to determine which one is closest to the entered coordinates and is within hi 
inch (SP) of the entered coordinates. If an uncontrolled track is found, its 
data shall be used to update the controlled track's history data and the un¬ 
controlled track shall be terminated. If no match is found, the controlled 
track is simply positioned at the entered coordinates and the track's status 
is set to initial. 

The KOF subprogram shell process the keyboard messages by executing a specific 
subroutine (see figure 3-32) for each operational function. Upon return from 
the subroutine, KOF shall home the trackball (unless a flag is set saying not 
to home the trackball) and check for an error condition. If an error condition 
was detected, KOF shall set the unrecoverable error flag so that KIP will dis¬ 
able all further character entries until a clear or disconnect character is 
received. The message characters shall not be erased and- the preview readout 
area shall contain an error indication. If no error was detected in the 
message, the message characters shall be cleared from the preview area (except 
when in the multiple function mode). If the keyboard is in the multiple 
function mode, the multiple function shall be displayed in the preview area. 
The fixed chain list shall be updated to reflect changes in the preview area. 
Finally, the process preview flag shall be cleared so that the KIP routine may 
now accept modifications to the preview area. 

3.3.4.2.7.2.3 Track Start Operational Function.- This and the following oper¬ 
ational function descriptions list the actions which shall be performed in 
response to the specific entries, the format of the message entries, and the 
various error conditions which shall be detected. 

There are three types of track start messages: 

1) Track start new track, which shall be used to initiate a new controlled 
track file 
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3.3.4.2.7.2.3 (continued) 

2) Track start active, which shall be used to initiate active tracking 
on an existing controlled track file 

3) Track start auto-acquisition, which shall be used to enable auto¬ 
acquisition oh an existing controlled track file. 

The three type of track start message are defined separately in the following 
three sections. 

• Track Start - New Track File 

If an ACID is entered which does not correspond to any file, a new 
Central Track Store (CTS) file shall be established. If a discrete, 
unique beacon code is entered, the ACID need not be entered. Blanks 
shall then be used for tne ACID. Beacon code data may be entered as 
four octal numerics or (if the enterer is not a maintenance position) 
may be automatically assigned by entering a virgule or a plus (for a 
discrete code from the Visual Flioht Rules (VFR) or Instrument Flight 
Rules (IFR) list,respectively). Entry of a beacon code, virgule, or 
plus is optional and, if a beacon code is entered, it may be discrete 
or nondiscrete. However> if a discrete code is not assigned, track¬ 
ball data must be entered. A readout of the track file data shall be 
provided in the entering positions preview area. 

• Track Start - Track From Flight Plan Temporary Store 

If an ACID is entered which does not correspond to any CTS file but 
does correspond to one or more temporary store (TS) file(s), a new CTS 
file shall be established using the TS data. 

e Track Start - Track From Central Track Store 

If identity data (ACID, discrete Assigned Beacon Code (ABC) or tab¬ 
ular line identification) is entered which corresponds to a ITS file, 
the status of that track file shall be modified. If trackball data 
wes entered, the file shall be placed in active status. If no track¬ 
ball data was entered, the status shall be adjusted to permit auto¬ 
matic acquisition, that is, from suspend to coast status or from flight 
plan to store status. 

For any of the above track start messages, trackball data may or may not be 
entered. If entered, a search shall be made of all uncontrolled tracks in the 
CTS to determine which is closest (within U inch (SP)) to the entered trackball 
coordinates. If an uncontrolled track is found, its history data shall be 
transferred to the controlled track and a Full Data Block (FDB) shall replace 
the uncontrolled track symbology (if any) at the uncontrolled track's reported 
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3.3.4.2.7.2.3 (continued) 

position. If the controlled track has no previously assigned beacon code, the 
uncontrolled track's beacon code (if one exists) shall be assigned to the con¬ 
trolled track and the uncontrolled track shall be terminated. If no uncontrol¬ 
led track was found, an FOB shall he displayed at the entered trackball position, 
the track shall be flagged for initial correlation, and the velocity shall be 
initialized to zero. In either case, the controlled track shall be placed in 
active status. If the controlled track was previously in tabular status, the 
tabular line ID (if any) shall be made available for reassignment. 

If no trackball data is entered, the file shall be placed in store status unless 
the file was previously in suspend status. If identity data corresponds to a 
flight plan (CIS or TS)tthe controller shall be determined according to the 
entry/exit fix data. If unique identity data is entered, the entering position 
(or the associated position if the entering position is paired) shall be the 
assigned controller. If the identity data corresponds to more than one CTS file, 
the non-flight plan file (that is, the store, coast, or suspend) shall be select¬ 
ed. If the identity data corresponds to more than one flight plan in the CIS, 
the arrival flight plan is selected. If the identity data corresponds to more 
than one TS file and no CTS files, the IS file with the earliest Estimated Time 
of Arrival/proposed Time of Departure (ETA/PTD) is selected. If the identity 
data corresponds to a flight plan, the auto acquire inhibit flag shall be 
cleared. It shall be set if the flight plan was received from an ARTCC faci¬ 
lity. 

Format: 

Track Start Function, ACID (optional), ABC or virgule or plus 
(optional), trackball data, or enter (if discrete code 
assigned) 

or 

Track Start Function (optional), OK (optional), identity data (ACID, 
discrete ABC, or the tabular line ID), trackball data, or enter. 

The error conditions are those conditions which cause any unacceptable or 
illegal entry. 

Error conditions include the following: ? 

1) A new CTS file must be established and none is available. 
2) Extraneous data are entered. 
3) A unique identity (no correspondence to existing CTS or TS file) 

is entered without a discrete code or trackball data. 
4) Non unique identity data corresponding to a controlled active or 

active coast status CTS file are entered. 
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3.3.4.2.7.2.3 (continued) 

5) 
6) 
7) 

8) 

9) 

& (delta) is entered without trackball data. 
An "OK", virgule, or plus is entered by maintenance position. 
Unique identity data are entered by a position paired with more than 
one controller. 
Non unique identity data are entered without "OK" and the eaterer is 
not the controller or pmired with the controller. 
Tabular line identification is used (without controller identifier) 
by a paired position which is paired with more than one controller. 

3.3.4,2.7.2.4 Track Reposition Operational Function.- The track reposition 
operational function shall be used to move an active track (may be actively 
coasting) from one location to another. As in the case of Track Start, an 
attempt is made to associate the entered trackball coordinates with an uncon¬ 
trolled track and, if an assocation is made, the same action is taken as in 
Track Start. If no match is found, the entered trackball coordinates shall be 
stored in the CTS, and, in the common active track buffer, the track shall be 
considered as an initial track by the tracking function and the velocity shall 
be initialized to zero. 

If the track is in active coast status, the coast flag in the track's CTS file 
shall be erased and the "CST" shall be deleted from the FOB. 

Format: 

Track Reposition Function, (optional), OK space (optional), identity 
data (ACID , discrete beacon code or trackball data), and track¬ 
ball data 

Error conditions include the following: 

1) Extraneous data are entered. 
2) OK is not entered and the enterer is neither the controller nor paired 

with the controller. 
3) Identity data does not correspond to a track in active track status. 
4) No trackball entered. 
5) OK is entered by a maintenance position. 

3.3.4.2.7.2.5 Suspend Operational Function.- This function shall cause tl^ 
identified track's aircraft identification to be displayed im the track con¬ 
troller's tabular list, along with the character S. Following the S character 
a character denoting the type of beacon code assigned to the track (if any) 
shall be displayed (D for a discrete beacon, N for a non-discrete beacon). 
A tabular line identifier (if any available) shall be assigned to the track. 
If an uncontrolled track has a discrete beacon code equal to this track's as¬ 
signed beacon code, and if the time/distance criteria are met, the track's 
beacon altitude (if any) shall be displayed following the D in the tabular line 
of data. In addition, the track's tabular line ID and controller ID shall 
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3.3.4.2.7.2.5 (continued) 

be displayed at the uncontrolled track's position on all consoles. In any case, 
the suspend function shall cause the erasure of the controlled active track 
format full data block. 

Format: 

Track Suspend Function, OK space (optional), and identity data (ACID, 
discrete ABC, tabular line ID or trackball data), and enter (not used 
if trackball data is entered) 

Error conditions: 

1) Extraneous data are entered. 
2) OK is not entered and the enterer is neither the controller nor 

paired with the controller. 
3) Identity data does not correspond to a controlled active (may be 

actively coasting) or store track. 
4) The track is in handoff status. 
5) Tabular line identification is used (without controller identifier) 

by a paired position which is paired with more than one controller. 
6) OK is entered by a maintenance position. 

3.3.4.2.7.2.6 Track Drop Operational Function.- This function shall be used 
to delete controlled track files. Each identified track file and tabular 
line identifier (if any) shall be made available for future use. Data related 
to the track file shall no longer be displayed, and the track file's discrete 
beacon code (if any) shall become available for reassignment. 

Data in the track's Common Active Track Buffer (CATB) shall temporarily remain 
there to satisfy any active display output chain commands which reference that 
area. After the display output function has repacked all console output chains, 
the track’s CATB data may be erased. 

If the characters ALL are entered, all controlled track files (except flight 
plans and tracks in handoff status) currently controlled by the message enterer 
shall be terminated as above. If trackball date is entered, and the keyboard 
is in the multiple function mode, the trackball shall not be homed. 

Format : 

Track Drop Function, OK space (optional), and identity data (aircraft 
identification, discrete beacon code, tabular line identifier, ALL, or 
trackball data), and enter (not used if trackball data is entered) 

Error conditions: 

1) Extraneous data are entered. 
2) OK is not entered and the enterer is neither the controller nor paired 

with the controller. 
3) Tabular line identifier is used (without controller identifier) by 

a paired position which is paired with more than one controller. 
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3.3.4.2.7.2.6 (continued) 

4) Identified track in handoff or FP status. 
5) Enterer is a paired position (paired with two controllers) and ALL is 

entered. 
6) OK is entered by a maintenance position. 
7) Identity data does not correspond to an existing track file. 

» 

3.3.4.2.7.2.7 Handoff Initiate/fcecall/Accept Operational Funotion.- This 
operational function shall initiate, recall, or accept a controlled track 
handoff. The type of handoff function intended (whether initiate, recall, or 
accept) shall be deduced by the program based on the current handoff status of 
the track, a comparison of the track controller with the message enterer, and 
the controller identification data entered (if any). If the entering keyboard 
used trackball data and is in the multiple function mode, the trackball shall 
not be homed. 

For each type of handoff function, the message processing may depend on which 
of the following categories defines the handoff: 

1) ARTCC interfacility handoff (a handoff between an ARTS III system and 
the ARTCC) 

2) ARTS III inter-radar handoff (a handoff between radar subsystems 
within a dual radar ARTS III system) 

3) Intra-radar handoff (a handoff within an ARTS III radar subsystem). 

Processing for the handoff/initiate function shall cause the track format to be 
displayed with force and blinking on the receiving controller's scope. If the 
receiver is an ARTCC controller, an initiate transfer (TI) message shall be 
sent to the ARTCC. The track shall be placed in handoff status only upon 
receipt of the acceptance (DA) message from the ARTCC, and track updata (TU) 
messages shall be transmitted to the ARTCC each scan. The handoff receiver's 
track symbol (a C for ARTCC) shall be displayed in Field 3 of the FOB. 

Processing for the handoff/recall function shall result in the elimination of 
the blinking format on the handoff receiver's scope. For the recall of a track 
being handed off to the ARTCC, the four second track update messages being 
sent to the ARTCC shall be discontinued. If a track is in handoff to the ARTCC, 
an accept transfer message (TA) shall be transferred to the ARTCC, and only 
upon receipt of an acceptance message from the ARTCC shall the recall be 
effected. A forced handoff/recall message (controller entry of a recall with 
"OK") shall be provided to bypass the normal ARTCC communication for a recall 
when no acceptance message is received. 

In processing an handoff/accept function, control of the track file shall be 
transferred to the handoff receiver and the track symbol shall be dunged to 
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3.3.4.2.7.2.7 (continued) 

the new controller's symbol. The FDB format shall be presented on the new 
controller's display in a normal format with the new controller's initial 
offset. Where the handoff was initiated by an ARTS III controller, the track 
shall be presented on the sender's display in a forced and blinking format 
for three (SP) scans and then automatically dropped. If upon receipt of the 
handoff/accept message the track is in handoff coast status, the track file 
shall be retained in the FDB format for three scans (permitting presentation 
on the sender's display) before transfer to the receiver’s tabular list. 

For a handoff from the ARTCC, the handoff/accept message shall effect an accept 
transfer (TA) message to the ARTCC. No further action shall be taken until 
the acceptance message is received from the ARTCC. At that time the track file 
shall be changed from handoff status to active status and the format shall be 
presented in the normal FDB format on the receiver's display. The same proce¬ 
dure shall be followed when the ARTCC handoff is in "Old" status (that is, no 
track updates are being received for the ARTCC handoff. 

To provide for any case where a handoff/accept entry cannot be completed because 
the acceptance is not received from the ARTCC, a forced handoff/accept shall 
be provided. This entry shall effect transfer of control without ARTCC communi¬ 
cation. The entry may be made by the receiver (or the paired position) by 
entering "OK" with the normal accept message. 

The handoff function shall also enable/disable automatic handoff of tracks 
controlled by the enterer. A recording printout on the console typewriter 
shall also be provided in conjunction with this entry. 

In addition, the handoff function shall disable automatic handoff of tracks on 
an individual track basis. 

Format : 

Handoff Initiate/Recall/Accept Function (optional), OK space (optional), 
controller space (for handoff initiate only) (optional), identity data 
(aircraft identification, discrete beacon code, trackball data), and 
enter (not used if trackball data is entered) 

Handoff Function, and enter 

Handoff Function (optional), OK space (optional), asterisk, identity 
data (aircraft identification, discrete beacon code, tabular line ID 
or trackball data), and enter (not used if trackball data is entered) 

! 

hrror conditions: 

1) Identity data does not correspond to an active track. 
2) The handoff function is omitted and trackball data is not entered. 
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3.3.4.2.7.2.7 (continued) 

3) Handoff is initiated to ARTCC controller and interfacility coMninica- 
tion is disabled. 

4) Handoff is initiated to ARTCC controller, but the FP was not received 
fron ARTCC. 

5) Handoff is initiated to ARTCC controller and there is an interfacility 
message in process on the identified track. 

6) A "forced" accept in initiated but the track is not in "OLD" status. 
7) OK is entered by maintenance position. 
8) OK is not entered and the enterer is neither the controller nor paired 

with the controller. 
9) Handoff is initiated to a paired position or non-existent control 

position. 
10) Handoff is initiated to the controller of the specified track. 
11) Extraneous data are entered. 

3.3,4.2.7.2.8 Flight Data Entry Operational Function.- This function shall be 
used to initiate a new track file with the status of flight plan. The entered 
aircraft identification, beacon code, (if any), controller identification or 
entry/exit fix (if any), and ETA/PTD (if any) shall be assigned to the track file. 
If the assigned beacon code is one of the terminal area beacon codes (used for 
computer assignment following receipt of a virgule or plus character), the code 
shall be disabled from further assignment. 

If entry/exit fix data are entered, the controller shall be determined from the 
entry/exit fix configuration table. If no controller or entry/exit fix data 
are entered, the message enterer shall be assigned as the controller. 

The entered ETA/PTD data (if any) must be within -15 minutes/**-8 hours (SP) of 
the current time. If no ETA/PTD is entered, the current time shall be used as 
the ETA/PTD. If the ETA/PTD is within -15 minutes/* 5 minutes (SP) of the 
current time, the track file shall be assigned store status. 

finally, the track file data shall be displayed in the preview area in the 
format described in 3.3.4.2.7.2.19. 

Format: 

Flight Data Entry Function, ACID (space), ABC or virgule or plus 
(optional), controller or entry fix * exit fix or entry fix * or * 
exit fix (optional), and space ETA or PTD "E" (optional), and enter. 

Error conditions. 

1) Illegal duplicate ACID or no ACID is entered. 
2.) No controller or eotry/exit fix data are entered and the message 

enterer is a paired position paired with more than one cortrol position. 
3) Illegal duplicate beacon code is entered. 
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3.3.4.2.7.2.8 (continued) 

4) Extraneous data are entered. 
5) No unused track file is available. 
6) No unused terainal area code is available (if virgule or plus entered). 
7) Illegal ETA/PTD is entered. 
8) Illegal entry/exit fix data are entered. 

3.3.4.2.7.2.9 BCN Operational Multifunction.- The BCN (uncontrolled track) 
multifunction entry shall be used to request a beacon/speed readout on a speci¬ 
fic uncontrolled track or to select/inhibit display of special symbology on all 
uncontrolled tracks reporting a specific two digit code. If trackball coor¬ 
dinates are entered, they shall be used to identify a specific uncontrolled 
track for a beacon/speed readout which shall be displayed for 3 (SP) scans. 
If the specified track is correlating oi? beacon, the readout shall consist of 
SS (if not inhibited), leader, beacon code, and speed. If the specified track 
is correlating on radar, the readout shall consist of SS (if not inhibited), 
leader, and speed. Only one beacon/speed readout may be active at a particular 
tim«;. 

If i two digit beacon code was entered for this message, it shall be known as 
a selected code request. A maximum of ten codes may be selected per console. 
The entered beacon code shall be displayed in the enterer's system data display. 
The selected code shall also be stored for use by the display output subprogram 
in selecting the corresponding uncontrolled beacon tracks (discrete and non¬ 
discrete) for display on the message enterer's console. Symbology for uncon¬ 
trolled beacon tracks corresponding to a selected code shall be displayed as a 
□ single symbol (for Mode C targets) or a A single symbol (for non-Mode C 
targets). 

If a "selected" beacon code is specified which has already been specified for 
the entering console, that selected code shall be deleted from the enterer's 
system data display and the readout request (entering console's selected code 
request) shall be erased. 

Format : 

Multifunction. B character, trackball data or selected beacon code 
(two digits 09 through 75), and enter (not used if trackball data 
is entered) 

Error conditions: 

1) Extraneous data are entered. 
2) More than ten selected codes are requested. 
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3.3.4.2.7.2.10 CFG Operational Multifunction.- There are six types of CFG 
(configuration) Messages: 

1) CFG consolidation - used to combine control positions 
2) CFG deconsolidation * used to decombine control positinns (recalling 

a previous CFG consolidation entry) 
3) CFG keyboard status change - used to modify the status of a keyboard 
4) CFG resectorization - used to select an alternate tablte of entry/exit 

fix controller assignments 
5) CFG printout request - used to select a printout of eonfiguration data 
6) CFG interfacility select/inhibit - used to select and inhibit the 

ARTCC interfacility capability. 

The six types of CFG entries are defined separately in the following paragraphs. 
A console typewriter printout shall be provided for each of the CFG entries. 
It shall reflect the entered change and the entering keyboard^ see 3.3.4.2.12. 

3.3,4.2,7.2,10.1 CFG Consolidation.» This multifunction entry shall be used to 
transfer the control of all store tracks and flight plan files from one con¬ 
troller to another controller and, further, to cause assignment of all future 
flight plans to the new controller. If two controllers' identifications are 
entered, control of all current store tracks, flight plan files, and future 
flight plans controlled by the second entered position shall be transferred to 
the first entered position. If only one controller identification is entered, 
control of all store tracks and flight plan files controlled by the message 
enterer shall be transferred to the specified controller. The track symbols 
of the transferred track files shall be changed to that of the new controller 
(when the track files become active). 

Format: 

Multifunction, C character, controller, controller (optional), and 
enter 

Error conditions: 

1) One of the specified controllers is a paired or non-existent position. 
2) Enterer is a maintenance position. 
3) Extraneous data are entered. 
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3,3.4.2.7.2,10.2 CFG Deconsolidation.- This multifunction entry shall be 
used to recall a previous CFG consolidation entry. All store tracks and flight 
plans which normally would have been initiated for the entering controller 
shall be transferred to the entering controller. In other words, all store 
tracks and flight plans whose entry/exit fix data corresponds to an entry/ 
exit fix table entry with an associated prime controller equal to the CFG 
message enterer shall be placed under the control of the message enterer. The 
previous sentence is applicable only to store tracks and flight plans whose 
controller was determined by entry/exit fix. Also, all entry/exit fix table 
entries whose associated prime controllers are equal to the message enterer 
shall have their associated active controller set to the message enterer. 
Thus, the entering controller shall now be assigned for all future flight 
plans and store tracks as specified by the entry/exit fix prime position list. 

Format: 

Multifunction, C character, and enter 

Error conditions: 

1) The message enterer is a paired position. 
2) Enterer is a maintenance position. 
3) Extraneous data are entered. 

3.3,4.2.7,2,10.3 CFG Keyboard Status Change.- This multifunction entry shall 
be used to modify the status of the specified keyboard according to the entered 
data: 

1) M = Maintenance position 
2) P = Paired position 
3) C = Controller position. 

The capabilities and restrictions associated with the keyboard statuses are 
defined in table 3-9. 

The first entered controller in the message shall be the controller whose 
status is to be changed. The other controllers entered in the message shall 
be the paired controllers for a paired position entry. 

Format: 

Multifunction, C character, controller, *, status (M, P, or C), 
controller (optional), controller (optional), and enter 
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3.3.4.2.7.2.10.3 (continued) 

Error conditions: 

1) A status of P is specified and no paired controllers are entered. 
2) A status of P is specified and the controller whose status is to be 

changed either controls track files or is eligible for flight plan 
assignaient according to the entry/exit fix table. 

3) One or amre of the specified controllers are non-existent positions. 
4) Extraneous data are entered. 
5) A status of P is specified and one of the specified paired controllers 

is itself a paired position (paired positions may be paired with 
another paired position). 

6) Enterer is a maintenance position. 

3.3.4.2.7.2.10.4 CFG Resectorization.- This multifunction entry shall be used 
to replace the current entry/exit fix configuration table with an alternate 
table, as specified by the entered numeric. The number of alternate entry/ 
exit fix configuration tables is a system parameter. The controller of each 
store track and flight plan file shall be redetermined using the new configura¬ 
tion table. 

Format: 

Multifunction, C character, numeric (1 through 9 (site parameter), 
and enter 

Error conditions: 

1) Non-existent configuration is specified. 
2) In the specified alternate configuration, at least one of the prime 

controllers is a paired position. 
3) Enterer is not a supervisory position. 
4) Enterer is a maintenance position. 
5) Extraneous data are entered. 

3.3.4.2.7.2.10.5 CFG Printout Request.- This multifunction entry shall be 
used to request a console typewriter printout of configuration data. If the 
entered data is ''PI", a printout of all keyboards (with associated display 
channel and keyboard status) shall be provided. If the entered data is "P2", 
a printout of the current entry/exit fix configuration table is provided. The 
format of these printouts is described in 3.3.4.2.12. 

Format: 

Multifunction, C character, printout type (PI or P2), and enter 
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3.3.4.2.7.2.10.5 (continued) 

Error condition: 

1) Extraneous data entered. 

3.3.4.2.7.2,10.6 CFG Interfacility Select/Inhibit.- This multifunction entry 
shall be used to select and inhibit the ARTCC interfacility capability. When 
inhibited, only test messages are transmitted. All ARTCC handoff keyboard 
messages shall be illegal. When selected, the interfacility comnunication 
shall be allowed in accordance with the prestored parameters defining the 
interfacility capability, that is, ARTCC tracking capability or flight plan 
only. A recording printout shall be requested upon receipt of this entry. 

Format: 

Multifunction, C character, 0, and enter 

Error conditions: 

1) Enterer is not a supervisory position. 
2) Extraneous data entered. 
3) Enterer is a maintenance position. 

3.3.4.2.7.2.11 DIS Operational Multifunction.- There are two types of DIS 
(display) messages: 

1) DIS FOB - used to select/erase the readout of an active track format 
2) DIS track file - used to select display of track file data in the 

preview area. 

The two types of DIS entries are defined separately in the following para¬ 
graphs. 

3.3.4.2.7.2,11.1 PIS FDD.- lias mui ti fur.c lion entry shall be used to select/ 
erase the readout of an active controlled track format. The specified track 
number of the track shall be stored in the position data tables for use by the 
display output sub-program in displaying a copy of the FDB of the track at 
the entering console. If identity data (trackball) is not entered, the 
enterer's current track format readout shall be erased. 

Only one track format request per keyboard shall be allowed. Entry of a 
second track format readout request shall override lhe previous request. 

Format: 

Multifunction, D character, and trackball data or enter 

3-144 



" ""»ü "•' ... ’W 

■ 

3.3.4.2.7.2.11.1 (continued) 

Error conditions: 

1) The specified track file is controlled at the entering console. 
2) Trackball data do not correspond with an existing track file. 

3.3.4.2.7,2.11.2 PIS Track File.- This multifunction entry shall be used to 
select a display of track file in the enterer's preview area. If only ACID 
data are entered, the first matching track file encountered (in the ACID 
search) shall be read out. If ACID and A (arrival) or D (departure) are 
entered, the matching track file (with respect to ACID) must also have the 
specified arrival/departure status. The track file data displayed in the 
preview area shall be the current data in the track file, and this preview 
shall not be updated if the track file data changes subsequent to the readout 
request. 

If the specified track file is in active, active coast, tabular coast, or 
suspend status, the following data shall be displayed in the second line of the 
preview area; ACID, ABC, and controller. If the specified track file is a 
store track or a flight plan, the following data is displayed: ACID, ABC, 
controller, entry fix*exit fix (if any), and ETA/PTD. 

Format: 

Multifunction, D character, identity data (ACID, discrete ABC, or 
tabular line ID), A or D (optional), and enter 

Error conditions: 

1) Extraneous data entered. 
2) Identity data and A/D status do not correspond to an existing track 

file. 

3.3.4.2,7.2.12 EMG Operational Multifunction.- The EMC (emergency) multi¬ 
function entry shall be used to override the display of E3K, RF, HJ, or SA in 
a track format with the ground speed characters of the track. A flag shall be 
set for the specified track indicating that whenever the firmness of the track 
is at least as large as a certain value (system parameter), then the ground 
speed characters shall be displayed, regardless of whether the reported beacon 
code of the track is a 7600, 7700, 3100, or 1236. 

Format: 

Multifunction, E character, identity data (ACID, discrete ABC, or 
trackball data), and enter (not used if trackball data is entered) 
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3.3.4.2.7.2.12 (continued) 

Error conditions: 

1) The entered identity data does not correspond to an existina track 
file. * 

2) The enterer is not the controller or paired with the controller of 
the identified track file. 

3) Extraneous data are entered. 

3._3f4*2.7.2.13 FIL Operational Multifunction.- The FIL (filter) multifunction 
shall be used to read out or modify the current altitude filter limits of the 
entering module, or to select/inhibit the display of single symbols for the 
entering module, or to modify the minimum range at which radar only single 
symbols shall be displayed. If no data are entered with the message, the 
current altitude filter limits of the entering module shall be displayed in the 
preview area of the entering keyboard. If the altitude filter limits are 
subsequently •modified, the modified filter limits will not be reflected in 
the above mentioned readout. 

If the message contains altitude filter limits data (six numerics), the 
altitude filter limits of the entering console shall be replaced by the 
entered data. The entered data consists of two altitudes expressed in three 
numerics each. Each altitude is in hundreds of feet mean sea level. The two 
altitudes may be entered in either order (either the lower or upper altitude 
may be specified first). The entered filter limits shall be used to determine 
which Mode C uncontrolled beacon tracks shall be selected for display. 

If the message contains range data, the current minimum range at which radar 
only (uncontrolled) single symbols are displayed at the entering console shall 
be replaced by the entered range. 

If one of the alphabetic characters, T, M, N or R is entered, the following 
types of single symbols shall be selected/inhibited for display at the 
entering console: 

T = single symbols of active tracks controlled at other consoles 
M = single symbols of uncontrolled Mode C tracks (*) 
N = single symbols of uncontrolled non-Mode C tracks (+) 
R = single symbols of uncontrolled radar tracks (symbol TBD) 

Format: 

Multifunction, "F" character, altitude filter limits (six digits; 
optional), or single symbol data (T or M or N or R; optional), or 
range limit (optional), and enter. 
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3.3.4.2.7.2.13 (continued) 

Error conditions: 

1) Extraneous data entered. 

3.3,4.2.7.2.14 Operational Mu Itifurn iion.- The HVY (heavy jet) multifunction 
shall select/inhibit display of the heavy jet indicator in an FDB. 

Format: 

Multifunction "H" character, OK space (optional), identity data (ACID, 
discrete ABC. tabular line ID, or trackball data), and enter (not 
used if trackball is entered). 

Error conditions: 

1) The entered identity data does not correspond to an existing track 
file. 

2) OK is not entered and the enteret is neither the controller nor 
paired with the controller of the specified track file. 

3) Extraneous data are entered. 

3.3.4.2.7.2.15 [FD Operational Multifunction.- The IFD (input flight plan data 
from magnetic tape) multifunction shall be used to select/inhibit the input of 
flight plan data. The selection entry shall include schedule information (day, 
entered as code - see table 3-0) and may include time. If time is entered, all 
flight plans with an earlier KTA/PTD shall be discarded. If time is not entered, 
current tin»? shall be used. Deselection shall be accomplished using the same 
multifunction entry without entering day or time. 

Fo rma * : 

Multifunction. 1 character, day (one octal digit) (optional), time 
(four digits) representing hours and minutes )(optional), and enter. 

Error conditions: 

1) Extraneous data entered. 
2) Illegal day or time is entered. 
3) Ente rer is a maintenance position. 
4) Enterer is not a supervisory position. 

3.3.4.2.7.2.16 KEN Operational Multifunction.- The KEN (enable functions) mul¬ 
tifunction shall enable the following functions: Auto offset; Display of 
controlled single symbols; Display of uncontrolled Mode C single symbols; 
Display of uncontrolled non-Mode C single symbols; Display of uncontrolled radar 
only single symbols. 
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3.3.4.2.7.2.16 (continued) 

Format: 

Multifunction. K character, and enter 

Error condtion: 

1) Extraneous data are entered. 

3.3.4.2,7.2.17 LDR Operational Multifunction.- The LDR (leader direction) 
multifunction entry shall be used to modify the FOB offset direction of a 
particular track, or to modify the initial FOB offset direction which is assign¬ 
ed to future active tracks. If identity data are entered, the specified offset 
direction shall be assigned to the specified track. If no identity data are 
entered, the specified offset direction shall be assigned to all tracks sub¬ 
sequently going to active status. If the entered offset direction is odd 
(1, 3, 7, or 9), it shall be taken as an indication of a 45 degree display off¬ 
set (that is, the formats are displayed at NW, IC, SW, and SE respectively); 
an even offset (2, 4, 6, or 8) indicates that formats are displayed at N, n, E, 
or S, respectively. The display offset indication is used by the auto offset 
program. 

Format: 

Multifunction, L character, leader direction (1, 2, 3, 4, 6, 7, 8, or 
9), identity data (ACID, discrete ABC, or trackball data; optional), 
and enter (not used if trackball data is entered) 

Error conditions: 
I 

1) Extraneous data entered. 
2) Entered identity data does not correspond to an active track file. 
3) The enterer is neither the controller nor paired with the controller 

of the specified track file. 

3.3.4.2.7.2.18 MOD Operational Multifunction.- The MOD (modify) multifunction 
entry shall be used to modify the aircraft identification, assigned beacon code, 
controller, entry/exit fix, or ETA/PTD of a track file. The dwta entered in 
the message shall define the type of data to be modified for the track file. 

For an aircraft identification or beacon code modification, the entered data 
(if unique) shall be used in place of the previous data assigned to the speci¬ 
fied track file. If more than one other track file has the same ACID as that 
entered, DUP ACID shall be displayed in the preview area with the controller of 
the active track (if any). If exactly one other track file has the same ACID 
as that entered, then the two track files (the identified track file and the 
duplicate file) must have opposite arrival/departure status and, in addition, 
at least one of the two files must be a flight plan. 
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3.3.4.2.7.2.18 (continued) 

If beacon code data, a virgule, or a plus is entered, and if the previous 
assigned beacon code is one of the terminal area beacon codes, then that code 
shall be reenabled (for reassignment following a virgule or plus entry). If a 
virgule or plus character is entered, the program shall assign a code from the 
visual flight rules (virgule entered) or instrument flight rules (plus entered) 
terminal area code list. 

For a control identification modification, control of the specified track file 
shall be transferred to the specified control position. The track symbol shall 
be changed to the new controller's symbol and the new controller's initial off¬ 
set shall be used. The active track format (if any) or the tabular line (if 
any) associated with the track file shall he displayed on the new controller's 
scope and shall be erased from the previous controller's scope. If the track 
was in the process of being handed off, the handoff shall be automatically 
recalled. 

For an entry/exit fix modification, the identified track file must be either a 
flight plan or a store track. The controller shall be re-determined from the 
entry/exit fix configuration table. For a store track, the new controller's 
entry/exit fix and arrival departure status shall be saved and the store track 
tabular line shall be moved to the new controller's tabular list. 

For an F.TA/PTD modification, the identified track file must be in flight plan 
or store status. The entered F.TA/PTD must be within -15 minutes/+ 8 hours (SP) 
of the current time. If the entered ETA/PTD is within -15 minutes/+5 minutes 
(SP) of the current time, the track file's status shall be made that of store 
track (if not so already). If when attempting to transfer the track file to 
store status, a duplicate ACID is found, the procedure described in 3.3.4.2.13. 
2.6 shall apply, except when the FP's duplicate is an active departure, 
in that case the entry shall be considered illegal and "DUP ACID" shall be 
displayed. If the entered ETA/PTD' is within 5 minutes/+8 hours (SP) of cur¬ 
rent time, the track file's status shall be made that of flight plan. If the 
track file was a store track, the tabular line shall be erased and the tabular 
line identifier shall be made available for system use (shall be de-assigned 
from the track file). 

Finally, the modified track file data shall be displayed in the enterer’s 
preview area in the format described in 3.3.4.2.7.2.11.2. 

Format: 

Multifunction, M character, OK space (optional), identity data (not 
entered if trackball used: ACID, discrete ABC. or tabular line ID) 
space, data (ACID, ABC. controller, entry/exit fix. or ETA/PTD, and 
enter (not used if trackball data is entered) 

Error conditions: 

1) The entered identity data does not correspond to an existing 
track file. 
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3.3.4.2.7.2.18 (continued) 

2) OK is not entered and the enterer is neither the controller nor 
paired with the controller of the specified track file. 

3) The specified track file is in handoff to ARTCC. 
4) No data or extraneous data are entered. 
5) Entry fix/exit fix data or ETA/PTD data are entered and the 

specified track file is not in FP or store status. 
6) Illegal duplicate ACID is entered. 
7) Illegal duplicate discrete beacon code is entered. 
8) VFR or IFR beacon code is requested and none is available. 
9) Illegal controller data are entered. 

10) Illegal entry fix/exit fix data are entered. 
11) Illegal ETA/PTD data are entered. 

3.3.4.2.7.2.19 OFF Operational Multifunction.- The OFF (tuto-offset) multi- 
function shall be used to select/inhibit the auto-offset function at the enter¬ 
ing console. An appropriate flag shall be set to notify the auto-offset 
subprogram of this entry. 

Format: 

Multifunction, 0 character, and enter 

Error conditions: 

1) Extraneous data are entered. 

3.3.4.2.7.2.20 PRE Operational Multifunction.- The PRE (preview) multifunction 
shall be used to relocate the enterer's preview area. The entered trackball 
coordinates shall define the new location of enterer's preview area. The pre¬ 
view area location shall be independent of the range scaling and off-centering 
of the scope. 

Format: 
« 

Multifunction, P character, trackball data 

Error conditions: 

1) Extraneous data entered. 
2) No trackball entered. 

3.3.4.2.7.2.21 RDM Operational Multifunction.- The three types of RDM (read 
memory) messages are defined separately in the following paragraphs. 

1) Memory readout - This multifunction entry shall select/inhibit display 
of the contents of one or more consecutive memory locations. If a 
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3.3.4.2.7.2.21 (continued) 

number, N, is entered following the specified memory location, then 
the contents of the following N-l locations shill also be displayed/ 
deleted. If N is omitted, 1 is assumed. If 0 is entered, N is assuned 
to be 10. 

2) Memory change - This multifunction entry shall change (if skip key 1 
is set) the contents of the specified memory location to the entered 
data. A console typewriter printout shall he provided in conjunction 
with this entry. 

3) Memory readout select/inhibit - This multifunction entry shall select/ 
inhibit display of all of the requested memory locations on the 
enterer's display. 

Format: 

Multifunction, R character, address (6 octal digits), space N 
(one dirit 0-9) (optional), and enter 

or 

Multifunction, R character, address (6 octal digits), space, 
contents (10 octal digits), and enter 

or 

Multifunction, R character, and enter. 

Error conditions: 

1) More than the maximum allowable number of locations are requested. 
2) A non-existent location is specified. 
3) Extraneous data are entered. 

3.3.4.2.7,2.22 .SYS Operational Multifunction .- This multifunction shall re¬ 
locate the system data on the enterer's display, modify the system time, modify 
the system altimeter setting, or initiate.modify/delete ATIS and GSI data. The 
SYS Multifunction can only be entered from a supervisory position. 

If trackball data are entered, the system data shall be relocated to the 
specified location. 

If a six digit time entry is made, the system time shall be changed to the 
entered data. Tracks in store status hall not be reconsidered (for transfer 
to flight plan status) because of a ti.ie change. 

If a four-digit altimeter setting is entered, the entered data shall replace 
the current altimeter setting. Future Mode C altitude corrections for baro¬ 
metric pressure shall be made using the new altimeter setting for reported 
Mode C altitudes which are below the level indicated in the following list 
(the maximum height to be corrected is a function of the altimeter setting). 
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3.3.4.2.7.2.22 (continued) 

Altimeter Setting Level Below Which Correction for 
_ Altimeter Setting Shall Occur 

29.92 and higher 
29.42 to 29.91 
28.92 to 29.41 
28.42 to 28.91 
27.92 to 28.41 
27.42 to 27.91 

For • time or altimeter setting change, the new data shall be reflected in the 
system data display of all scopes. Also, the new data shall be printed on Ww 
console typewriter along with the entering position identification. 

If no data are entered, display of AXIS and GSI shall be inhibited. 

If one alpha character is entered, display of AXIS shall be selected/modi.ied. 

If one alpha character and an asterisk are entered, display of AXIS shall be 
selected/modified and display of GSI shall be inhibited. 

If an asterisk and 1-13 alphanumeric characters are entered, display of GSI 
shall be selected/modified and display of AXIS shall be inhibiteo. 

If one alpha character and 1-13 alphanumeric characters are entered, display 
of AXIS and GSI shall be selected/modified. 

Format: 

Multifunction, S character, time (6 digits) or altimeter setting 
(4 digits) or trackball data, and enter (not used if trackball data 
is entered) 

or 

Multifunction, S character, AXIS (1 alpha character) (optional), 
asterisk (optional), and enter 

or 

Multifunction. S character, asterisk, GSI (1-13 alphanumeric 
characters), and enter 

or 

Multifunction, S character, 4XIS (l alpha cnaracter), GSI (1-13 
alphanumeric characters), and enter 

17.70* feet 
18.20* 
18,7** 
19,2** 
19,700 
20.200 
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3.3.4.2.7.2.22 (continued) 

Error conditions: 

1) Entered system time is not in lhe range to 235959 inclusive. 
2) Entered system altimeter setting is not in the range 27# to 32# 

inclusive. 
3) Enterer is not a supervisory position. 
4) Extraneous data are entered. 

3.3.4,2.7,2.23 TAB Operational Multifunction.- This multifunction shall re¬ 
locate the enterer's store tabular list, relocate the enterer's coast/suspend 
tabular list, select/inhibit display of the enterer's store tabular list, or 
flush (terminate) the store tracks from the enterer's list or all store tracks 
which have an ETA/PTU less than the specified time. 

Format: 

Multifunction, T character, C (optional), and trackball data 

or 

Multifunction, T character, Time (4 digits) (optional), A (optional), 
and enter 

Error conditions: 

1) Enterer is paired with more than one controller. 
2) "A" (all tracks) is specified and enterer is not a supervisory 

position. 
3) Extraneous data are entered. 

3.3,4.2.7.2.24 YSP Operational Multifunction.- This multifunction shall enter 
scratch pad data into/delete scratch pad data from the identified FOB. 

Format: 

Multifunction, Y character, identity data (ACID, discrete ABC, or 
trackball data), data (1-3 characters) (optional), and enter (not 
used if trackball data is entered) 

Error conditions: 

1) Identity data does not correspond to an active track. 
2) Enterer is neither the controller nor paired with the 

controller of the identified track. 
3) Extraneous data are entered. 
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3.3.4.2.7.2.25 ZAB Operational Multifunction.- This multifunction shall se- 
lect/inhibit display of the assigned beacon codes in the enterer's store 
tabular list. 

Format: 

Multifunction, Z character, and enter 

Error conditions: 

1) Extraneous data are entered. 

3.3.4.2,7.2.26 Area Mapping Operational Function.- Through entries made at 
any one display console keyboard, an operator can establish and/or modify in 
any 2 nm by 32 ACP zone the two quantizer slelect maps and the ground clutter 
map. The actions required of the operator to exercise these options have 
been minimized while retaining considerable capability to define complex 
regions. 

It must be emphasized that the mapping function is not an operational but a 
maintenance function. It is designed to be employed at a maintenance console. 
The mapping function in no way affects the raw video which the controllers 
see on the displays. It only determines which quantizer within the RDAS is 
used for radar video processing. 

The selection shall be performed via a two-stage process. During the first 
stage, the operator indicates the region in which a change is desired by 
tracing out this region on the Planned Position Indicator (PPI) using the 
trackball. During the second stage, the operator indicates which map he 
desires changed in the area which he has mapped out. 

The 02 select map shall contain data indicating where the normal quantizer 
02 has been selected. The Q3 select map shall contain data indicating where 
the MTI quantizer 03 has been selected. The ground clutter map shall be a 
manually entered map enclosing ground clutter. 

The mapping functions shall be accomplished through the use of tabular maps 
which are stored in the computer (figure 3-33). The Intermediate Area Map 
(IAM) shall hold data which indicates which zones contain the region which 
the operator has entered by the use of a trackball and keyboard. This map 
shall consist of 128 words. Each word represents thirty 2 nm by 32 ACP zones 
in a 32 ACP sector of the surveillance area. Each bit within a word shall 
represent one of the 30 zones within the sector represented by the word con¬ 
taining the bit. 

The operator's objective during the first stage mapping process will be to 
identify a region in which a change is desired. Two types of simple regions 
are defined as Type A (includes the sweep center) and type B (does not include 
the sweep center). 
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3.3.4.2.7.2.26 (continued) 

The granularity of each region shall be 32 ACI’s by 2 miles. A granule shall 
be denoted by R(r, 0), and includes the region between 0 and 0+32 ACPs and 
between range r and r+2 miles. To every point in R(r, 0) there shall be n 
associated a pair of non-negative integers, (n,m) which correspond to bit 2n 
of word m in tibie IAM (n = 0, ) .... 29; m = 0, 1 . 127). Specifically (n.m) 
shall be defined as a function of the rectangular (x,y) coordinates corres¬ 
ponding to an arbitrary point in R (r, 0): 

(n,m) = (min [[ "^x2 + y2)/2] ,29 } , (64/ n )tan_1(y/x)), 

where 

[X] = the greatest integer less than or equal to X. 

The steps required to map a portion of the total region shall be as follows: 

Step 1. If the map is to be a Type A region, home the trackball. If the 
map is to be a Type B, then slew the trackball until the trackball symbol 
(balltab) is positioned over a point on the map contour. 

Step 2. Select the mapping function by depressing "F0, Enter". The 
program will respond by: 

a) Clearing IAM. 
b) Obtaining the current trackball coordinates and setting bit 2 

of word lAM+m, where (n,m) is computed according to the algor¬ 
ithm described above. 

c) Establishing table VST as part of the chained output display 
of the originating console. The format is given in figure 
3-34. The buffer is a fixed length data block which is initially 
set to display space codes U sweep center. The first Type B 
output data woid is set to display the enlerer's trackball 
symbol at the initial coordinates. 

d) Flags shall be set to assure exclusive use of this operational 
function from the enterer’s keyboard until terminated by an 
encounter of any one of the following conditions: 

1) The map is entered into permanent storage by the options 
described in step 4. 

2) Some operational function, other than F8, is entered from 
the same keyboard that has exclusive use. 

3) 5 minutes (SP) have elapsed since acquisition of exclusive 
use. 

4) The option is formally terminated by executing an 

"F8,T,Enter", or an 
"F8, E,< ontrol 1er, Enter" 

sequence from the originator's keyboard. 



(S is code for controller’s trackball symbol; initially it 
represents a space code). 

Figure 3-34. Video Select History Table, HVST 
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3.3.4.2.7.2.26 (continued) 

Step 3. Using the trackball, trace, slowly and smoothly, the contour 
of the desired region. An indication of a trackball change at the 
computer input shall result in the computation of an (n,m) pair corre¬ 
sponding to the new trackball (x,y) coordinates. If (n,m) does not 
differ from the last recorded pair, nothing more is done. If there is 
a difference, however, the program shall respond with the following 
actions: 

a) Table VST shall be updated in a circular fashion to point the 
controller's trackball symbol at the (x,y) position that gave 
rise to the change in (n,m). This will provide the operator 
with an indication of the most recent portion of the map con¬ 
tour traced. A sample "history" display is illustrated in 
figure 3-35. 

b) Bit 2n of word lARfan shall be set to 1. 

Step 4 (optional). If the operator desires, the selected map may be 
(re)initialized to the "#" state (all bits set to #) or to the "1" 
state (all bits set to 1). The format for the (re)initialization entry 
is as follows: 

"F8,I, L or H or G, 0 or 1, Enter". 

The program shall respond by (re Unitializing the map selected (L = Q2 
Select Map (light clutter), H = Q3 Select Map (heavy clutter), G = Ground 
Clutter Map to the selected value (0 or 1). 

Step 5. Enter map. This entry determines which map will be modified 
by the described region. The format for the map entry is as follows: 

"F8, L or H or G, 0 or 1, Enter". 

The program shall respond by modifying the described region in the map 
selected (L = Q2 Select Map (light clutter), H = Q3 Select Map (heavy 
clutter), G = Ground Clutter Map with the selected value (0 or 1). 

The permanent map can be altered only if the above sequence of steps is 
followed. Proper modification can be monitored if the display of the 
video select region is in effect (see description for F9, Display 
Synthetic Video). 

The data entered is summarized in table 3-8. 
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- Clutter Contour 

® Controllers's Trackball Symbol 

Current Position 

Initial Position 

Upper figure shows map history display near the beginning process 
the lower shows it near the end. Contour tracing is in « 
direction, and the nine most recent points, in addition to the initial 
and current positions, are displayed. Each annular sector represents 32 

ACPs X 2 run. 

Figure 3-35. Clutter Mapping History Display (Example) 
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3.3.4.2.7.2.26 (continued) 

Error conditions: 

1) Extraneous data are entered. 
2) Illegal characters (codes) are entered. 
3) Selected peripheral device is unavailable. 
4) I/O errors. 
5) Enterer is not a maintenance position. 
6) Attempting to interrupt exclusive use of F8 function. 

•"'■.3.4.2.7.2.27 Synthetic Video Select Operational Function.- A synthetic 
video select message shall be initiated by entering the F9 operational func¬ 
tion together with associated data characters that define the options which 
are available. This function shall be restricted to maintenance consoles. 

Basically, the operator, hereinafter referred to as the requestor, shall have 
the option to display for a limited period of time as many as five (SP) types 
of synthetic video. These are defined as: 

Type 1 Video select (MTI/Normal) 
Type 2 Enhanced Video 
Type 3 System Diagnostic 
Type 4 Predetection 
Type 5 Weather clutter (Contours 0 and 1) 

The system shall be initially set in a nominal state to display the synthetic 
video identified by the DVS field of the configuration command word and will 
revert to it upon a legal release by the initiator of the current display, 
hereinafter referred to as the originator. A legally requested display shall 
be maintained in the state last requested until legally released. Operator 
action to exercise the various options and program responses are described in 
the following paragraphs. 

To select the display of synthetic video types, depress the keys indicated: 

”F9,xxxxx, ENTER", 

where 

xxxxx = Between 1 and 5 individual selections from the set of 
characters (V, E. W, P, S), duplications allowed. 

The message "SV xxxxx" shall be displayed in the requestor's preview area. 
To release the current synthetic video display, depress the keys indicated: 

’’F9, ENTER". 
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3.3.4.2.7.2.27 (continued) 

Error conditions: 

1) Interruption of exclusive use. 
2) Extraneous data entered. 
3) Illegal display type indicator. 
4) Enterer is not a maintenance position. 

3.3.4.2.7.3 Keyboard Input Processing Data Base.- The formats of the Type I 
and Type II data words received from the DEDS are described in figure 3-36< 

The following descriptions define the uses of some of the data fields and bits 
in the controller tables by the KIP and KOF programs. 

3.3.4.2.7.3,1 Process Preview Flag: (Bit PP).- The process preview flag 
shall be set by the KIP routine aá a signal to the KOF subprogram that the 
corresponding preview area of the keyboard should be processed. The process 
preview flag shall be cleared by ¿he KOF subprogram upon completion of pro¬ 
cessing the preview area. No additional data/function characters shall be 
recognized from a keyboard while its PP bit is set. 

3.3.4.2.7.3.2 Unrecoverable Error Flag: (Bit UE).- The unrecoverable error 
flag shall be set for a keyboard whenever an illogical or illegal message is 
detected by the KOF subprogram. The setting of this flag shall inhibit the 
recognition of further data/function characters from the corresponding key¬ 
board until a clear or disconnect character is received. When the KIP routine 
detects the clear or disconnect character, the unrecoverable error flag shall 
be cleared. 

3.3.4.2.7.3.3 Error Flag: (Bit E).- The error flag shall be set by the KIP 
routine whenever any of the following conditions occurs: 

1) Parity error on input data 
2) Illegal data/function character entered (not in repertoire) 
3) Preview area overflow (too many characters entered). 

3.3.4.2,7.3.4 Keyboard System Parameters.- Table 3-10 contains a summary 
of the keyboard system parameters (SPs) together with their labels and ranges 
of values. 
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TABLE 3-10. KEYBOARD INPUT SYSTEM PARAMETERS 

ITEM DESCRIPTION VALUE RANGE 

ASQ Tine, in Minutes, prior to ETA when an Arrival 
or Overflight FP is transferred to store status 

0 - 500 

BCNTSQ Number of scans that an identified uncontrolled 
track readout is displayed 

0 - 10 

CFIRMQ Firmness above which speed is displayed by the 
correction routine 

0 - 39 

CNIDNQ 

DSQ 

Number of scans an FDB in handoff status is 
presented (forced and blinking) on the sender's 
console after acceptance by the receiving 
console 

Time, in minutes, prior to PTD when a Departure 
FP is transferred to store status 

1-5 

0 - 500 

MAPQ 

SYNVDQ 

TBBSQ 

LLKQ 

ULKQ 

FLUSQ 

Time, in minutes, allowed exclusive use of the 
mapping function 

The number of types of synthetic video which 
may be displayed 

The maximum distance, in inches, from trackball 
coordinates considered for track identification 

Time, in minutes, prior to current time beyond 
which ETA/PTD is considered illegal 

Time, in minutes, in advance of current time 
beyond which ETA/P1D is considered illegal 

Time, in minutes, subtracted from entered time 
to form the lower limit beyond which store 
tracks,as a result of a tabular flush entry,will 
not be terminated 

0 - 10 

1 - 5 

1/16 - 1/2 

0 - 500 

0 - 500 

0 - 1440 
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3.3.4.2.8, Interfacility Input/Output Processing,- 

3.3.4.2.8.1 Interfacility-General Requirements.- Die purpose of the inter¬ 
facility program is to 1 ) process all data received from ARTCC, and 2) pack 
and send necessary messages to ARTCC. 

3.3,4.2.8,1.1 Interfacility Message Formats.- The format of input and output 
messages is so similar that they will be described with differences noted 
where they occur. Data characters will be given in EBCDIC code (Extended 
Binary Coded Decimal Interchange Code) unless otherwise specified. Each ‘ 
message consists of several fields which are separated by an EBCDIC space 
(except the LRC field). Each field consists of 8 bit bytes where each byte 
is an EBCDIC character unless otherwise specified. Table 3-11 shows the 
fields, in the order they appear in the message, for each message type. Table 
3-12 defines each field. 

3.3.4.2.8,1.2 Flight Plan Message (FP).- Flight plan messages are trans¬ 
mitted from ARTCC to ARTS III for the purpose of reserving a track file and 
recording certain data for an aircraft that will enter the terminal area at 
some future time. If the coordination time does not fall within the interval 
-15 minutes/+8 hours (SP) of current time, the message will be discarded and 
acknowledged with a DR. If the coordination time falls within the interval - 
15 minutesAS minutes (SP) of current time, the track will be placed in store 
status. A Primary Controller, Active Controller, Radar Subsystem, and Arrival 
/Departure/Overflight Status are re rieved from the configuration table in 
accordance with the Entry or Depart .re Point/Exit Fix or Entry/Destination Fix. 
The Arrival/Departure/Overflight Status retrieved must agree with that given 
in the FP message. 

If, when attempting to place an FP in store status, a duplicate ACID is found 
the procedure described in 3.3.4.2.13.2.6 shall apply. If the FP is to be 
retained in FP status, a duplicate ACID will be accepted only if the duplicate 
(only one) is assigned the opposite arrival/departure status. A duplicate 
beacon code check will not be made until the track ’ile is eligible to ente* 
store status. 

If the message passes all validity checks, the following information is stored 
in CTS: Flight Identification, Beacon Code, Coordination Time, Arrival/ 
Departure/Overflight Status, Entry or Departure Point/Exit Fix or Entry/ 
Destination Fix, Radar Subsystem, Primary and Actñe Controllers, and Heav' 
Jet Indicator. 
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TABLE 3-12. INTERFACILITY MESSAGE FIELOS 

Source ID: Consists of ten bytes, the first three of which are alphas 
specifying the sending facility's identification. There will be a unique 
combination of alphas for each ARTS III site. The next four bytes are 
GMT, in hours and minutes. The last three bytes are the message number. 
All ARTS III input and output messages require this field. 

LRÇ: Consists of the LRC prepare character (2630) followed by the LRC 
Register. The LRC Register is added by the ICA on output and removed by 
the ICA on input. The LRC field is not followed by an EBCDIC space. All 
ARTS III input and output messages require this field. 

Message Type: Consists of two bytes which are alphas specifying the message 
type. The two alphas are defined for each message type in table 3-11. All 
ARTS III input and output messages require this field. 

Output Routine: Consists of three bytes defined as follows: for an ARTS III 
to ARTGC T1 message, three alphas specifying the ARTCC controller to which 
the handoff is directed; for an ARTS III to ARTCC TR message, three alphas 
specifying the ARTCC Site ID; for all other messages that require this 
field, three alphas specifying the ARTS III Site ID. ARTS III output 
messages that require this field are TI and TR. ARTS III input messages that 
require this field are TI, TL, TA, and TR. 

Flight Identification: May be any of the following: 
(1) BCID (Enroute Computer ID): consists of three bytes (numeric, numeric, 

alphanumeric) specifying the ARTCC internal track number. 
(2) TCID (Terminal Computer ID): consists of three bytes, all numerics, 

specifying the ARTS III internal track number. 
(3) ACID (Aircraft ID): consists of from five to ten bytes. The first 

three bytes specify the ECID (see (1) above) and the remaining bytes 
specify ACID. The first byte following the ECID must be an alpha and 
the remaining bytes alphanumeric. However, exactly two alphas or "ALL" 
are not allowed. 

ARTS III output messages that require this field are DM, TI, TU, TA, DA, and 
TB. 
ARTS III input messages that require this field are FP, AM, CX, TI, TU, TA, 
and DA. 

A/C Data or (Departure Point): For a Departure FP, this field consists of 
three bytes, .'Iphanumerics, specifying the departure airport and one byte, 
alpha, specifying A/C category (for heavy jet indicator). For an Arrival 
or Overflight FP, this is a two byte field specifying the number of air¬ 
craft in the flight (first byte, numeric) and the A/C category (second byte, 
alpha). The only ARTS III input message that requires this field is FP. 
This field is not required on any ARTS III output messages. 

(Table 3-12 continued on page 3-167) 



(Table 3-12 continued from page 3-166) 

Beacon Coda: Consists of four bytes (all octal nunerics) specifying a dis¬ 
crete or non-discrete assigned code. The only ARTS III input message that 
requires this field is FP. This field is not required on any ARTS III out¬ 
put messages. 

Coordination Fix: Consists of three bytes (all alphanumerics) specifying 
the Entry fix for an Arrival or Overflight FP and Exit fix for a Departure 
FP. The only •7^rS III input message that requires this field is FP. This 
field is not required on any ARTS Ill output messages. 

Prefix and Coordination Time: Consists of five bytes (1 alpha followed by 
4 numerics). For an Arrival FP, the first byte is an "A" followed by four 
bytes of GMT specifying ETA in hours and minutes. For an Overflight FP, 
the first byte is an "E" followed by four bytes of GMT specifying ETA in 
hours and minutes. For a Departure FP, the first byte is a "P" followed 
by four bytes of GMT specifying HTU in hours and minutes. The only ARTS 
III input message that requires this field is FP. This field is not re¬ 
quired on any ARTS III output messages. 

Assigned or Requested Alitude: Consists of three bytes (all numerics) 
specifying assigned or requested altitude in hundreds of feet. The only 
ARTS III input message that requires this field is FP. This field is not 
required on any ARTS III output messages. 

Route: Consists of three bytes (al) alphanumerics) specifying the destina¬ 
tion airport for an Arrival FP, the Exit fix for an Overflight FP. This 
field is absent for a Departure FP. The only ARTS III input message that 
requires this field is FP. This field is not required on any ARTS III 
output messages. 

Referent Message Source ID: Consists of ten bytes specifying the Source 
ID (see item 1 in this table) of the message being acknowledged. ARTS III 
output messages that require this field are DA, DX, DR, and DT. ARTS III 
input messages that require this field are DA, DX, DR, and DT. 

Field Reference Number: Consists of two bytes (both numerics) specifying 
the number of the field to be amended. The only ARTS III input message 
that requires this field is AM. This field is not required on any ARTS 
III output messages. Acceptable values for this field are: 

¢1 Message Type 
¢2 Flight Identification 
03 A/C Data or (Departure Point) 
04 Beacon Code 
06 Coordination Fix 
07 Prefix and Coordination Time 
0H Assigned Altitude 
00 Requested Altitude 

10 
11 
12 
16 
17 
18 
22 
?.rv 

Route 
Remarks 
Field Reference Number 
Output Routing 
Amendment Data 
Progress Report Data 
Track Coordinates and Velocity 
Referent Message Source ID 

(Table 3-12 continued on page 3-168) 
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(Table 3-12 continued from page 3-167) 
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* fi.4.2.8.1.3 Amendment Message (AM).- Once a Flight Plan message has been^ 
received from ARTCC, that message may be amended via an Amendment Message (AM). 
A new coordination time must fall within the interval -15 minute*/*« hours 
(SP) of current time. When the new time falls in the fci5pîÎ!!UÎîïiu* 
+5 minutes (SP) of current time, and the track file was in 
the track file shall be placed in store status. If the FP has a duplicate 
ACId! the procedure described in 3.3.4.2.13.2.6 shall apply- A % 
ACID which would make the new ACID an illegal duplicate **P 
field changes to a common flight plan n>ay be ®haiJ*J ÍJa or Store 
sage. The change must apply to a track file in either 
Status and an FP message must have previously b®®" r®®®*v?¡ 
track file. If the same field is amended more than once in the same am 
message, only the last one received will be used. 

3.3.4.2.8.1.4 Cancellation Message (X).- Once an FP message ha* be«" 
received from ARTCC, the track file will be discarded upon receipt of a CX 
message from ARTCC, provided the track file is still in FP or Store status. 

a Initiate Transfer Message (TI>.- ase messages will be sent_ 
fckr&iiny in either direction for thipuTpost f transferring control of 
a track from one facility to another. 

When a TI message is received from the ARTCC, the track file shall be placed 
in handoff status and the FDD format will blink onthe receivers scope. 
The track symbol will be "C” and the receiver s symbol will be placed in 
Field 3 of the FDB format. 

A TI message will be sent to ARTCC upon request via keyboard action. A bit 
will be set in CTS by keyboard input to signal ENROUT to send the message, 
âlï will send the Ï1 message and, upon receipt of 
ENROUT will place a "C” in Field 3 of the track format «íce 
His on this track once per scan. If no acceptance is received from ARTCC 
in five seconds (SP), the TI is sent again but with current coordinates and 
velocity If no acceptance is received on this TI for five seconds (SP), 
the message IF NO ACKNOL (ACID) will be printed on the console typMffit®1 
and the Tl request will be cancelled. This same design will be used in 
processing a TA message request. 

•tf 

ify 
The following keyboard entries will be illegal for a track being ha"JeJ 
to ARTCC : A second Handoff Initiate, Suspend, Drop, Modify ACID, and M*. 

Beacon Code. 

A TI message from ARTCC on a departure Flight Plan status J“*1® 
illegal and will be acknowledged with a DR. ^t®"*811® í%^íblte 
on arrival and overflight flight plans received from ARTCC. A Tr8®^ 
keyboard entry with no slew coordinates will allow automatic acquisition on 
the track. 
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3.3.4,2.8.1.6 Track Update Messaca (TU).- Once a TI message has been sent and 
acknowledged, the coordinates of this track are updated via a TU message at 
an interval of once per ARTS III scan for messages to AR7CC and, twice per ARTGC 
scan for messages from ARTCC. To conserve on the amount of data sent inter¬ 
facility, there may be up to six of these TU messages cnained together. The 
message will contain ECID or TCID, depending upon whether it is, going to or 
from the ARTCC, respectively. Predict«! coordinates will be sent to ARTCC. If 
TUs are not received from ARTCC at least once every IS seconds (SP), an alarm 
printout (IF NO UPDATE (ACID)) will be requested and "OLD” will be displayed in 
Field 4 of the FDB format. 

When TUs are again received, they will be used to update the track file and 
"OLD" will he replaced by the speed. Speed in tens of knots sh«U be displayed 
in Field 4 of the FDB format. 

While "OLD" is being presented in FDB format on a track file in.handoff from 
the ARTCC, only the Handoff/Accept Keyboard entry shall be permitted. The 
Handoff/Accept shall be processed the same as if TUs had been received. If the 
Handoff/Accept cannot be completed because the acceptance (DA) is not received 
from the ARTCC, a Forced Handoff/Accept shall be provided. The Forced Accept 
shall transfer control of the file to the handoff receiver without ARTCC com¬ 
munication (see .3,3.4.2.7.2.7). 

3.3.4,2.8.1.7 Accept Transfer Message(TA).- Acceptance of a transfer track 
action is done via a TA message. When a TA is sent to ARTCC and is acknowledged 
with a DA, the FDB track symbol will change to the receiver's position symbol. 
His symbol will be erased from Field 3 of the FDB and the FDB format will stop 
blinking. When a TA is received from ARTCC, it will be acknowledged with a DA, 
the track symbol will change to a C, and it will blink for three (SP) scans 
before it will be dropped from the sender's scope. 

If ARTCC sends a TA on a track which is already in handofr status from ARTCC, 
(a Handoff Recall), the track will be placed in store status. It can then 
be placed in Flight Plan status via controller keyboard entry if desired. 
Similarly, ARTS III can recall a handoff to ARTCC by sending a TA on that track. 
In this case, the track would he taken out of handoff status. The C would be 
removed from Field 3 of the FDB and thé TU transmissions to ARTCC for this track 
will terminate. 

If an ARTS III controller is unable to recall a track in handoff to the ARTCC 
because the acceptance (DA) was <iot received, a Forced Handoff/Recall shall be 
provided. The Forced Recall is a keyboard message removing the track from 
Handoff status without ARTCC communication. (See 3.3.4,2.7.2.7). 

3.3.4.2.8.1.8 Departure Message (DM).- A departure message will be sent to ARTCC 
for all departure tracks which were established by an ARTCC flight plan message. 
The DM will be generated when the track file changes from FP or Store Status to 
Active Status (manual or automatic acquisition). 
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3 3.4.2.8.1.9 Acknowledge Message (DA. DK, DX) - All FP, AM, CX, DM, TB, TI, and 
TÁ messages sent interfacility will be acknowledged by one of three types of 
acknowledge messages defined below. 

DA - No errors detected 
DX - Hardware error detected - retransmit 
DR - Logic error detected - do not transmit 

3.3.4.2.8.1.10 Test Data Message (TIP & Data Test Message (DT).- Capability 
will be provided for each site to test, the interfacility communications. 

Whenever a TR message is received from AKTCC, ARTS III will respond with a 
DT message. ARTS III will insure that a message is sent to AR^ and a good 
réponse received at least once every 60 seconds (SP). When an ARTS IÏI/ARTCC 
TI-DA TA-DA or DM-DA exchange does not occur in this time interval, the test 
will be made via a TR-DT exchange. If the DT is not received properly from the 
ARTCC, an alarm printout (IF TEST FAIL) will occur. 

3 3 4.2.8.1.11 Termiuate Beacon Message (TB).- A Terminate Beacon message will 
be sent*to ARTCC for all tracks which were established by an ARTCC FP message. 
The message will be generated when the track file is terminated (manually or 
automatically) so that the track's beacon code can be made available for re¬ 
assignment by the ARTCC program. 

3342 8.1.12 Flight Identification Field in Messages.- Whenever a message 
(except DX, DR, TR, and DT) is sent interfacility, the Flight Identification 
field contains either an ACID. TCID, or LX ID to tell the receiver which track 
is being referenced. The following diagrams give the content of this field 
for the various types of message exchanges. 

For an FP. AM or CX: 

ARTS III ARTCC 

-FP-ACID 
DA-TCID—** 
-w-AM-TCID 
DA-TCID—► 

-CX-TCID 
DA-TCID-► 

For a Handoff on a track for which ARTS III received a Flight Plan from ARTCC: 

ARTS III ARTCC 

--TI-TC1D 
DA-TCID-► 
•4-TU-TCID 
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3.3.4.2.8.1.12 (continued) 

TA-ECID■ » 
«*—DA-ECID 
TI-ECID—.» 
^-DA-ECID 
TU-ECID-► 

— TA-TCID 
DA-TCID-► 

Pot an DM or TR: 

ARTS III ARTEC 

DM-ECID-► 
^-DA-ECID 
TB-ECID-► 

-DA-ECID 

3.3.4.2.8.1,13 Interfacility Inhibit.- There will be a keyboard entry to 
inhibit and resume interfacility communication. The inhibit and resume entry 
will affect all interfacility communisation except test messages. 

All TI, TA, and TU messages generated by an ARTS III will be inhibited for 
those sites for which the ARTCC does not have radar tracking capability. 

3.3.4,2,8.2 Interfacility Design.- The interfacility program consists of three 
parts. The Enroute Input Processor (ENRIN) processes all incoming data. The 
Enroute Output Processor (ENROUT) packs and sends all necessary messages to 
ARTCC. The Enroute Interrupt Routine (ENCHIN) processes all interrupts on the 
interfacility channel. 

3,3.4.2.8.2.1 ENRIN Design.- Upon receipt of an End of Message (EOM) character 
on an input message, the Interfacility Communications Adapter (ICA) will inter¬ 
rupt the IOP. The interrupt routine (ENCHIN) will set ENRIN's executive flag 
and establish input into the alternate input buffer. ENRIN will process the 
message and pack any necessary acknowledge message in an acknowledge buffer. 
If the alternate input buffer is ready to process when ENRIN has completed pro¬ 
cessing the first buffer, ENRIN will also process the alternate input buffer 
prior to returning control to the executive program. 

All errors encountered in a message prior to and including the message type 
will cause ENRIN to discard the entire message without any acknowledgement. 
All format errors encountered after this point will be acknowledged by a DR 
unless otherwise specified. DA, DX, DR and DT messages will not be acknowledged 
even if they are erroneous. 
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3.3.4.2.8.2.2 ENROUT Design.- Unlike ENRIN, ENROUT will be hit periodically 
from the executive program. If the interfacility output channel is active, it 
will exit. Otherwise it will scan the CTS for any TI, TA, TU, DM, or TO message 
to send. It will pack and send only one message per execution. If it finds a 
TI, TA, DM or TO message to send while it is packing a TU chain. It will save 
the index of this message to use as a start search index the next time it is 
executed. 

ENROUT determines what function it is to perform on a track file by examining 
the ENROUT status. These statuses and the required functions to be performed 
are listed below: 

Status 0 

Status l 

Status 2 

Status 3 

Status 4 

Status 5 

Status 6 

Status 7 

Status 8 

Status 9 

- No processing 

- If the ENROUTE time field is non zero, set it to zero and 
send a TU messiqe to ARTEC. 

- Send a TI message to ARTCC; store current clock time in 
ENROUT time field and change status to 3. 

- If ENROUT time field indicates 5 seconds (SP) have not 
elapsed, ignore this track; otherwise, send a TI message to 
ARTCC. Store current clock time in EMIOUT time field and 
change status to 4. 

- If ENROUT time field indicates 5 seconds (SP) have not 
elapsed, ignore this track; otherwise, request an IF NO 
ACKNOE alarm printout, change status to 0. 

- Send a TA message to ARTCC. Store current clock time in 
ENROUT time field and change status to 6. 

- If ENROUT time field indicates 5 seconds (SP) have not 
elapsed, ignore tnis track; otherwise, send a TA message 
to ARTCC. Store current clock time in ENROUT time field 
and change status to 7. 

- If ENROUT time field indicates 5 seconds (SP) have not 
elapsed, ignore this track; otherwise, request an IF NO 
ACKNOL printout and change status to 0. 

- Send a DM message to ARTCC. Store current clock time in 
ENROUT time field and change status to 9. 

- If ENROUT time field indicates 5 seconds (SP) have not 
elapsed, ignore this track; otherwise, send a DM message 
to ARTCC. Store current clock time in ENROUT time field 
and change status to 10. 

Status 10 - If ENROUT time field indicates 5 seconds (SP) have not 
elapsed, ignore this track; otherwise, request an IF NO 
ACKNOL alarm printout and change the status to 0. 
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3.3.4.2.6.2.2 (continued) 

Status 11 - 

Status 12 - 

Status 13 - 

Status 14 - 

If ENROUT time field indicates 15 seconds (SP) have not 
elapsed, ignore this track; otherwise, place this track 
in "OLD" status. 

Send a TB message to ARrtX. Store current clock time in 
ENROUT time field and cl ange status to 13. 

If ENROUT time field indicates 5 seconds (SP) have not 
elapsed«ignore this track; otherwise, send a TB message 
to ARTEC. Store current clock time in ENROUT time field 
and change status to 14, 

If ENROUT time field indicates 5 seconds (SP) have not 
elapsed, ignore this track; otherwise, request an IF NO 
ACKNOL printout and change status to 0. 

3.3.4.2.8.2.3 ENCHIN Design.- ENCHIN will process the following types of 
interrupts: 

1) External Interrupt Line Parity Error - This interrupt indicates that 
there has been a parity error on the interrupt status word. Since 
it is not known what interrupt the error occurred on, the status 
interrupt word is processed as if there were no error. 

2) Input Data Line Parity Error - This is an internal interrupt generated 
by the I0P and indicates thut a parity error occurred somewhere be¬ 
tween the ICA and the IOP. W>¡en this happens, an external function 
"Not Received" must be sent to the ICA to shut off input and therefore 
eliminate the input timing errors which would otherwise follow this 
interrupt. From this point the interrupt is processed like Interrupt 
3. 

3) Input Lateral Parity Error - This interrupt indicates that a lateral 
parity error was detected by the ICA on data entering from the modem, 
when this happens, the following will occur: 

a) The ICA stops sending data to the IOP 
b) The interrupt is generated to the IOP 
c) The ICA puts itself into the receive disable mode 
d) The ICA puts itself into the receive enable mode and therefore 

will search for a synch code. All other data that it encounters 
at this point wi!l be discarded. 

When this happens, the interrupt routine will determine if the error 
occurred on or before the 13th word of the buffer. If it has, it will 
reinitiate input into the same buffer. Otherwise, it will set the DX flag 
telling ENRIN to respond to this message with a DX, provided the message 
itself is not a DA, DR, DX, TR, DT, or TU. 
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3.3.4.2.8.2.3 (continued) 

LRC Parity Error - This interrupt is generated by the ICA when¬ 
ever the LRC in a message does not agree with the ICA computed 
checksum. The error is processed the same as Error 3. 

5) Incut Timinq Error - The ICA shall generate this interrupt when¬ 
ever the IOP fails to accept character data from the ICA at a rate 
sufficient to avoid loss of input data from the modem. It is pro¬ 
cessed the same as Error 3. 

6) Input Monitor Interrupt - The IOP is notified of the end of a buffer 
via the EOM interrupt and therefore does not do input with monitor. 
Hence this interrupt should never occur. If it does, it is merely 
typed out and ignored. 

7) EOM Interrupt - This interrupt is generated by the ICA whenever 
it detects an EOM character in the input data. The ICA behaves as 
in steps a) through d) in Interrupt 3). ENRIN's Exec Flag is 
set to process this message. Input is then established into the 
alternate buffer. If this buffer is not available, a data loss 
message is typed on the console typewriter. 

8) Output Lateral Parity Error - This interrupt is generated by the 
ICA whenever a lateral parity error exists in character data 
transferred from the IOP to the ICA. The ICA will then automatically 
disable the send mode. The IOP then enables the send mode and 
reinitiates tb*’ same output buffer. A synch code will be generated 
by the ICA when send mode is enabled. 

9) Output Timing Error - This interrupt is generated by the ICA 
whenever the IOP fails to send character data to the ICA at a 
rate sufficient to maintain a continuous serial data train for 
transfer to the modem. It is processed the same as the output 
lateral parity error. 

10) Output Monitor Interrupt - This is an I/O chain interrupt generated 
upon request by the operational program when an output buffer term¬ 
inates. The buffer just output is made available for new data. If 
an acknowledge buffer is ready to be sent to ARTCC, the output of thi 
buffer is then initiated. The ICA is put into the Not Send mode upon 
receipt of this interrupt. The sending of the acknowledge buffer 
is preceded by putting the ICA in the Send mode, which wil. cause the 
ICA to automatically generate a synch code. 

3.3.4.2.8.3 Interfacility I/O Data Base.- Data from ARTCC will enter the IOP 
via two alternate S3 word input buffers. There will be one message per buffer 
Data going to ARTCC will be packed in either a 51 word output buffer or one of 
three 17 word acknowledge buffers. The 51 word buffer will be used to output 
Tl, T1J, and DT messages. All other output message types (DM, TR, TA, DA, DR, 



3.3.4.2.8.3 (continued) 

DX, and TB) will be packed in one of the acknowledge buffers. Within the 
computer, the bytes are stored 2 per word: that is, one will be stored in 
bits 0-7 and the following one will be stored in bits 15-22 of the same word. 
The next byte would be stored in bits 0-7 of the following word and so on. 

3,3.4.2.8.4 Interfacility System Para.neters.- Table 3-13 contains a summary 
of the Interfacility System Parameters (SP) together with their labels and 
ranges of values. 

3.3.4.2.9 Tracking.- 

3.3,4.2.9.1 General Requirements.- The purpose of the tracking subprogram 
shall be to maintain the correct association between target repovts and their 
corresponding alphanumeric data blocks. This association shall be maintained 
for both controlled and uncontrolled beacon and radar targets. Controlled 
targets are those tracks that have specific flight plan or controller entered 
identity data associated with them (e.g., ACID, ABC etc.). Uncontrolled targets 
are those unused reports that are automatically initiated and tracked and not 
necessarily associated with c. controlled track. It should be noted that tracked 
aircraft consist of both uncontrolled tracks and controllet'. tracks and con¬ 
trolled active or inactive tracks that are controlled by the ARTS III system, 
or that have Just been handed off from the ARTS III system. Those tracks just 
handed off shall continue to occupy active track files in CTS and shall continue 
to be tracked by the ARTCC. Then they shall be automatically terminated from 
the ARTS III system. Another type of track that will occupy a track file in CTS 
is an aircraft in handoff status from the ARTCC to the ARTS III s-ystem. These 
pseudo-tracks shall be tracked and updated by the ARTCC. 

To enhance the tracking correlation algorithm, all targets shall be tracked. 
This shall be accomplished through an automatic initiation and termination 
process for all unused reports. 

A tracking control subprogram shall be required to maintain a priority of pro¬ 
cessing for the various tracking functions. Inherent in the priority scheme is 
a determination by sector (11¾ degrees of antenna rotation) of the time at 
which a particular tracking function is to be performed, based on the current 
position of the radar antenna. The current sector shall be determined by the 
radar and beacon input processing subprograms 

A cross referencing scheme shall be required to maintain an association between 
specific types of tracks and radar/beacon targets. This shall minimize the 
probability of track swapping and shall detect ambiguous situations that arise 
when correlating a track.. 
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3.3.4.2.9.1 (continued) 

The tracking function shall be broken down into tasks, and these tasks shall be 
executed by a group of separate subroutines which are controlled by the tracking 
control subprogram. The subroutine to process all unused reports in a parti¬ 
cular sector shall not be referenced until all tracks in the CTS table, falling 
into or preceding this sector, have been processed by the correlation tasks. 

3.3.4.2.9.2 Beacon Radar Tracking Design.- In addition to tracking control, 
the major tasks of the tracking function are the correlation subroutines (pri¬ 
mary/secondary, initial, and turning), track prediction, and processing of 
unused reports. 

The major functions of the subroutine shall be track acquisition, track re¬ 
acquisition, search mode, and normal tracking. The classes of tracks associated 
with the functions shall be initial, turning trial and parent trial and devia¬ 
tion trial, turning and parent, and normal, respectively. 

The executive shall reference the tracking control subprogram approximately 
once every 125 milliseconds per beacon subsystem. All of the correlation 
subroutines shall be referenced on a sector number basis. A Track Number 
Pointer (TNP) table and associated Track Sector Summary Store (TSSS) table shall 
be used to determine the track numbers in a particular sector. All normal, 
parent, and parent trial tracks in sector n-5 (n-6 for second pass) shall be 
processed by primary/secondary correlation; the initial tracks in sector n-7 
shall be processed by initial correlation; and the turning trial tracks in 
sector n-7 shall be processed by turning correlation. In addition, the pre¬ 
paration for the cross referencing of all normal, parent and parent trial tracks 
shall be p ocessed by primary/secondary correlation. All unused reports that 
fall in sector n-8 shall be processed, followed by the prediction of all tracks 
in sector n-9. (Sector n shall be determined by radar and beacon input 
processing). 

All tracks shall go through a start-up (or initialization) sequence which re¬ 
quires m correlations in n scans for initiation. The smoothing performed on 
the positional and velocity data during this initialization state is accomplish¬ 
ed by using radar oriented a , ß values assuming a straight-line track. After 
initialization has been performed, the track shall be maintained using track- 
oriented smoothing, the use of separate a , ß values applied across and along 
the track direction. The reason for orienting the smoothing operations to the 
estimated track direction is the fact that aircraft normally maneuver in such 
a manner that transverse accelerations are larger than longitudinal accelera¬ 
tions. Eventually the track shall reach a steady-state condition where contin¬ 
ued successful correlation results in no increase in the track's firmness, i.e., 
a constant a , ß tracker. The firmness is an index and is used to determine the 
choice of smoothing end bin size parameters. (Table 3-14 shows the firmness 
table). The left column corresponds to the track's current firmness, which in 
turn determines the firmness values to be used for retrieving the longitudinal 
and transverse a , ß values. This scheme is necessary since the maximum firm¬ 
ness (steady-state) is different in the two directions, longitudinal and trans- 
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TABLE 3-14. FIRMNESS LIMIT TABLE 

INTEGER 
INDEX 

LONGITUDINAL TRANSVERSE 

0 

1 

2 

3 

4 

5 

6 

7 

10 

11 

36 

37 

40 

41 

42 

43 

44 

45 

46 

47 

21 

22 

23 

24 

25 

26 

27 

30 

31 

32 

ÍA11 values are octal) 
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3.3.4.2.9.2 (continued) 

verse, where each measure has its different limit. The limit on the longitu¬ 
dinal firmness is higher than on the transverse firmness. The result of the 
lower transverse firmness limit is a tracker that is more responsive to track 
maneuvers. 

To increase the tracker's response to data changes, a form of deviation con¬ 
trolled smoothing shall be used. This results in the immediate establishment 
of a trial track when it is determined that a report lying in the track's 
secondary bin is the report associated with the track. This allows for a 
faster response in tracking on turns. It should be noted that this immediate 
response results only in the establishment of a trial mode • id will not affect 
the parent track's history data until the trial track has successfully corre¬ 
lated for two consecutive scans. Where the immediate detection of a possible 
turn cannot be ma'fe, turning tracks shall be created to establish a search mode 
in an attempt to maintain tracking through turns. 

3.3.4,2.9.2.1 Primary/Secondary Correlation.- The combined primary/secondary 
(P/S) correlation routine shall process all controlled and uncontrolled tracks 
that have successfully passed the initiali?ation sequence. This shall include 
all normal, parent, and parent trial tracks in an area defined as two sectors 
on either side of and including the sector to be processed by P/S, i.e., sec¬ 
tors n-3 through n-7. Initially, all tracks in sector n-3 shall be cross- 
referenced by placing their associated reports in the Report Address Table (RAT) 
together with an index (track number) of all tracks that correlated with each 
report in RAT. In addition, each track-report association shall be assigned a 
qualifying score, which will be stored in RAT for future use in resolving 
ambiguities between tracks. The cross-referencing and the ijualifying scores, 
together with a two-pass system, shall be used in an attempt to successfully 
correlate a track. The first pass, which is performed five sectors behind the 
antenna, shall attempt to select the correct report from the RAT table based on 
the qualifying score only. If on the first pass the score alone cannot resolve 
an ambiguous situation (e.g., two valid reports in the track’s bin with equal 
scores), the track shall be flagged for second pass processing. This will 
result in allowing a second ettempt to correlate the track in sector n-6. 
Thus, between passes, an attempt to correlate all tracks in the sector process¬ 
ed shall have been made. In this way, the possibility exists that a track 
processed before the one marked for second pa«s processing may indirectly re¬ 
solve the ambiguous situation by using one of the reports, based on qualifying 
score, which causes the ambiguous situation. In some cases, when qualifying 
score alone cannot resolve an ambiguous situation, deviation scoring shall be 
used to select the correct report. The deviation score is the distance (com¬ 
puted by a minimum variance estimate) between the track's predicted position 
and the reported position of the beacon and'or radar report. The use of the 
qualifying score, two-pass processing, end deviation scoring, together with the 
cross-referencing scheme, is intended to reduce the probability of "track swap¬ 
ping" and increase the number of successful correlations, i.e., reduce the num¬ 
ber of coasts. The P/S routine shall also update the 3-bit radar report his¬ 
tory field in the Central Track Store (CTS) for normal, parent, and parent trial 



3.3.4.2.9.2.1 (continued) 

tracks (both controlled and uncontrolled) in sector n-5 (n-6 for tracks flagged 
for second pass processing). The radar report history field shall provide a 
measure of the quality of the radar reports being correlated to a given track. 

The P/S routine is logically divided into three sections. The first part shall 
consist of the cross-referencing and qualifying scoring of those tracks in sector 
n-3. The Track Number Pointer table (TOP) is referenced for all tracks in sector 
n-3 that qualify, i.e., are not initial, turning, or trial tracks. If the track 
is not a suspend track, a primary and secondary bin shall be built around the 
current (last predicted) position of the track. The target report store shall 
then be searched to determine those targets that fall within the primary or 
secondary bin. This task shall be performed by target selection. Those reports 
found by target selection shall be flagged, appropriately, as secondary or 
primary reports. Each report shall be scored (qualifying score) to reflect its 
relationship to the track. This score, together with an index to the target 
report store, a track number index, the number of tracks correlated to the re¬ 
port, and a designation as to whether or not the report was fouiid i" the Pri"»ry 
or secondary bin of the track, shall be stored in the RAT (see 3.3.4.2.9.3.5). 
Each track contains a word in CTS (the TNT word) which shall include an index to 
RAT for the track and the number of reports found in the track's bins. To main¬ 
tain the count of and cross-reference to all tracks associated with each report, 
a search shall be made of RAT (that part of RAT which contains data fo' 
n-3 through n-7) for each report found in the bin of the track. If a match is 
found, i.e., that report is in the bin of another track, the track count shall 
be increased for the report and a thread of the track numbers associated 
with the report shall be maintained. Whether or not a match is found, the re¬ 
port and associated data shall be added to RAT. After t.i first report in the 
bin is indexed from TNT, the data on each additional targes report found in 
the bin shall be stored successively in RAT. 

The second major function of P/S shall be to attempt to determine the track s 
correct, associated report using the information obtained from cross-referencing 
together with a two pass system. The first pass is performed five sectors 
behind the antenna. All racks in sector n-5 (sector n-6 for second pass) 
shall be processed in the manner discussed below. 

The first check made shall be to determine if any reports fell in the track’s 
primary or secondary bin. If no reports did, the track's radar report history 
field in CTS shall be updated using the following formula: 

Q u (1 -o) Qp. 

where 

Qu = updated radar report hhnory 

a = 4 ( SP ) 
Qp = previous radar report history. 

Furthermore, if the track has coasted for a designated number of scans, specific 
action is taken affecting the display of the track format (see 3.3.4.2.10). 
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3.3.4.2.9.2.1 (continued) 

If no reports fell into the secondary bin of the track (controlled or uncon¬ 
trolled), and if the active track has not coasted for the required number of 
consecutive scans, a check shall be made on the class of the active track. A 
parent or parent trial track shall simply be coasted; that is, its firmness 
shall be decreased, the coast status shall be set in CIS, and :the counter 
maintained in CTS to determine the number of consecutive scans of coasting 
which will be incremented. A normal track whose firmness is above 20 shall 
result in the establishment of two turning tracks. The position of each of the 
turning tracks shall be approximated by using the last predicted X, Y position 
of the normal track as found in CTS, together with its computed heading and 
normal turn rate. This is accomplished by using the following expression: 

(Xt)n * K [v sin (0 + KR) - Xc}+ X , 

where: 

(X*) s estimated position of the turning track 

Xp = predicted position of the normal track 

V = speed of the normal track 
_i • 

0 - current hfoding of the normal track where 0 = tun X 

Y 

R « rate of turn, where R = U£°/sec if the speed of the track > 
220 knots; R = 3°/sec if the speed of the track < 220 knots 

N = time since the lart correction 

n = current scan 
e 

X = last corrected velocity of the normal track c 

K = N 4- SCANMQ (parameter of back scan time), time at which the 
turn is assumed to have started. 

It should be noted, as pointed out in the above expression, that the last pre¬ 
dicted position of the normal track and the associated time of its last 
corrected position, which is in CTS as a result of the last successful correla¬ 
tion, are used to approximate the current position of the turning track. Inher¬ 
ent in the approximation is the last corrected position of the normal track, 
which can be computed as follows: 



3.3.4.2.9.2.1 (continued) 

where 

(X) _ = normal, last corrected position of the track n-m 
• 

K, = as defined above, c 

Therefore, the original form of equation (1) is 

- (X),, + KV sin (8 + RN) t n n-m — 

= xp - K(Xc) + KV sin (8 ± RN), 

which, simplfied, is 

(XJ« = K sin (8 + KR) - X 1 + X„. t n I. — cj p 

Turning correlation shall process these turning tracks. Each turning track 
shall be flagged as a right or left turning track in CIS. 

It should be noted that the turning tracks that are created shall be internal 
to the computer only. Their data shall not be displayed. However, they shall 
be predicted through a turn by the prediction routine. 

If no reports are found in the primary bin but exactly one is found in the 
secondary bin which, through qualifying score, is determined to be the correct 
report, a trial track shall be created using deviation control smoothing 
(e.g. a - 0.5, a = 0.25). This trial track shall be processed in turning 
correlation and shall require two consecutive scans of successful correlation. 
If a selection cannot be made from those reports in the secondary bin, two 
turning tracks shall be created as previously mentioned and flagged for process¬ 
ing on the current scan by turning correlation. This deviation trial track 
differs from turning or turning trial tracks in that straight-line prediction 
is performed on the deviation trial. 

The first step in the second part of P/S is a determination of the best reports 
from the RAT table. In determining the best report(s), an attempt is made to 
find a radar reinforcement for those beacon only reports in RAT. This is 
accomplished by establishing a radar search position between the track's pre¬ 
dicted position and the beaxon only report's position, A bin is then estab¬ 
lished around this search position ano a check is made on the radar only reports 
in RAT to determine if any fall within the search bin. If one is found, it is 
used to reinforce the beacon only report (see 3.3.4.2.9.2.6). 



3.3.4.2.9.2.1 (continued) 

If, after determining the best report for the track being processed, exactly 
one is found in the primary bin that is not associated with another track 
(as determined from the cross-referencing data) or, if associated to another 
track, has a better qualifying score, that report shall be used for correction 
(see 3.3.4.2.9.2.6). If more than one best report (none of which is assoc¬ 
iated with other tracks) is found, deviation scoring ¿hall be performed between 
the track's predicted position and each of the reports' positions. The one 
with the lowest score is then used for correction. Deviation scoring is per¬ 
formed using a form of minimum variance estimation as follows: 

where 

DS = deviation score 
D = |R - RJ = deviation in range, in nm 

p * p H' 
D0 = (|e - ejjPRp s deviation in azimuth, in nm 
Q s {j R = standard deviation of azimuth sensor error, in nm 

A 6 P 
o s standard deviation of range sensor error, in nm 

P 
a = standard deviation of azimuth sensor error, in radians 

0 
Rp = track's predicted range, in nm 
$ - track's predicted azimuth, in radians 

Rd = reported range, in nm 

0. = reported azimuth, in radians. 

If the track being processed is a parent track and is successfully correlated, 
its class shall be changed to a parent trial. A parent trial shall then re¬ 
quire PRTNMQ (SP) consecutive scans of successful correlations before becoming 
a normal track. However, the required number of scans may be set to zero, thus 
allow ng the first successful correlation of a parent track to enable the class 
of the track to become normal. After any successful correlation, a track shall 
be flagged in its TNT word in CTS as processed, and the report(s) used for 
correction shall be flagged RAT. 

Deviation scoring will be employed in an attempt to resolve certain types of 
ambiguities which may still exist after second pass. In particular, if a track 
which has undergone second pass still contains more than one report with equal 
qualifying scores in its primary bin and if none of these reports is associated 
with another track, deviation scoring shall be performed in an attempt to re¬ 
solve the anfciguity. The report with the lowest deviation score will be used 
for correlation. 
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3.3.4.2.9.2.1 (continued) 

If after second pass a track either is or is not included in the special case 
described above, but the lowest deviation scores were equal, the track will be 
coasted. If the ambiguity has been caused by a case wherein more than one 
report with equal qualifying scores has been continued in the primary bin. and 
if at least one of these reports is associated with another track, the firmness 
of the track will not be allowed to decrease as rapidly as the other cases 
wherein tracks are coasted. This will result in a more rapid resolution of the 
ambiguity on subsequent scans. 

Whenever a track is successfully correlated, track oriented smoothing shall 
be performed on the track. This smoothing, together with the updating of its 
other history data, is performed by the correction routine (see 3.3.4.2.9.2.6). 

Whenever a merged be^con/radar or radar only report is selected to be used for 
correction of a track, the track's radar report history field in CTS shall be 
updated using the following formula: 

»„ = V a(Qr 

where 

Qu = updated radar report history 

Q = previous radar report history 

a = % (SP) 
Qt — radar report quality of the report chosen for correlation. 

An indication ol the correlation performance on each track shall be maintained 
through the use of two 10-bit fields in CTS. These fields, one each for beacon 
ana radar, shall be used as sliding windows and shall indicate the success of 
correlation on each track over the past ten scans. When correlation is success¬ 
ful, a Litis) in the sliding window(s) shall be set to represent what type of 
target the track correlated with, i.e., beacon, radar, or both (radar-reinforced 
beacon). 

The third part of P/S involves the final processing of uncontrolled tracks. 
The final processing involves an attempt to associate a discrete coded uncon¬ 
trolled track with a controlled track for the purpose of updating discrete 
suspend tracks or auto-acquiring discrete coast (tabular and handoff) and store 
tracks. 

The criteria for final processing shall be the quality indicator, the Mode 
3/A validity (Va), the Mode C validity (Vc), and the radar reinforcement of 
the target with which the uncontrolled track correlated. 
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3.3.4.2.9.2.1 (continued) 

An attempt is Mde either to update the altitude of a controlled beacon normal 
track in suspend status or automatically acquire a track in stove, tab coast, 
or handoff coast status which has a discrete ABC. If the uncontrolled track 
being processed has a discrete RBC which is equal to the ABC ot the suspend 
track, and if the tine and distance criteria are met, the uncontrolled track 
shall be flagged for the display of special symbology; and in addition, if the 
uncontrolled track has a Mode C altitude with a good Vc validity, the suspend 
track shall be flagged for the display of the altitude in its tabular area 
(see 3.3.4.2.10). 

If a match is found between the uncontrolled track and a controlled track in 
store, tabular coast, or handoff coast status, the track shall be considered 
for automatic acquisition (transferring the uncontrolled track's data to the 
controlled track's CIS file, changing its status to active, and terminating the 
uncontrolled track). A system parameter shall be used to determine if auto¬ 
matic acquisition of the arrival flight plans from ARTCC should be inhibited. 
Only controlled beacon tracks shall be considered for automatic acquisition. 
The first check made shall be to determine if the time criteria have been met 
since the last code match. This time criteria, together with a distance check 
which will be considered later, shall be used to eliminate the possibility of 
acquiring a reflection. Thus, a flip-flop condition shall exist until the 
reflection disappears (until there exists one, and only one, associated uncon¬ 
trolled track during the radar scan). 

After the reflection problem has been resolved, automatic acquisition shall 
only be considered after two (SP not greater than seven) consecutive scans of 
code quality have been met. Additional checks shall be made on both the con¬ 
trolled track being considered for automatic acquisition and the uncontrolled 
track being processed. If the uncontrolled track is in the automatic termin¬ 
ation area, based on the arrival/departure information of the controlled track, 
or if the uncontrolled position is not within five nautical miles (SP) of the 
last uncontrolled position as saved in CTS, the position of the uncontrolled 
track and the current time shall be stored in the controlled track's CTS file 
and the consecutive scan counter shall be updated. 

If the above criteria (time, distance, and area checks) are met and if the 
uncontrolled track falls within the automatic acquisition area as defined by 
the arrival/departure information of the controlled track, the status of the 
controlled track shall be changed to active, the history data from the uncon¬ 
trolled track shall be used to update the controlled track file, and the 
uncontrolled track shall be terminated. In addition, the offset of the con¬ 
trolled track in the A-word of CATS shall be set to initial. From this point 
on active tracking on a scan to scan correlation basis shall commence for the 
controlled track. 



3.3.4.2.9.2.2 Initial Correlation.- Initial correlation shall process both 
controlled and uncontrolled tracks which have not completed the initialization 
phase. The controlled tracks shall consist of those manually entered (track, 
start, slew) tracks for which a match, based on the entered slew coordinates, 
to an uncontrolled track could not be found. The uncontrolled tracks consist 
of those radar reinforced beacon targets which have been automatically initiated 
by the process unused reports program (see 3.3.4.2.9.2.4). The purpose of 
initial correlation is to insure that these tracks go through an initialization 
phase, i.e., perform 100 percent a, ß smoothing, to establish a good initial 
velocity and position before making the transition to track-oriented smoothing 
in P/S correlation. 

Initial correlation shall perfona seven sectors behind the antenna. The firm¬ 
ness of an active track shall be initially set to a value of three, and the 
track shall be considered an initial track for a minimum of two scans based 
on the firmness of the track. One result of initial correlation shall be to 
determine the Mode C status of the track. Based on the limited amount of 
history data available for correlation, the track shall be designated as Mode C 
or non-Mode C; i.e., if the report with which the track correlates has Mode C, 
a flag in CTS shall be set to denote the track as Mode C. This information 
shall be used in P/S correlation in determining the qualifying score for a 
track-report combination. 

The first task performed in initial correlation shall be that of target select 
tion. If no reports are found, the track shall be coasted. This involves 
decreasing the track's firmness and setting the coast status in CTS. For a 
controlled track, if the firmness has reached zero or if the track has coasted 
for 10 (SP not greater than 16) consecutive scans, the status of the track shall 
be changed to tabular coast or handoff coast if the track is in handoff status. 
An uncontrolled track that has coasted for m (SP) consecutive scans shall be 
automatically terminated. 

If exactly one report is found whose RBC is equal to the ABC (or LGC, i.e., 
last reported code) of the active beacon normal track or whose RBC is 7700, 
7600 or 3100, the report shall be used for correction of all or a portion of 
the track file. If this is the first correlation for the track, no velocity 
shall be computed. It shall take a minimum of two scans, i.e., two data points 
before a velocity is computed for the track. 

If exactly one beacon report is found and the track has no ABC or LCC, the 
report shall be used to correct the track's history data, and the report’s 
RBC, if present, shall be stored in CTS as the track’s last reported code (LGC). 

If only one report is found and the report is radar only, the report shall be 
used to correct the track's history data. For a radar or a beacon track, only 
the range and azimuth of the report shall be used to correct the history data 
of the track. 
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3.3.4,2.9.2.3 Turning Correlation.- Turning correlation shall process those 
turning, turning trial, and deviation trial tracks that are seven sectors 
behind the antenna. A deviation trial track shall not be processed by turning 
correlation on the tame scan in nhich it was created. The initial processing 
of the deviation trial, i.e., its establishment by P/S correlation, was per¬ 
formed on the current scan using a report that was found in ita associated 
parent track's secondary bin. Therefore, the search mode is bypassed and the 
reacquire (or trial) mode is entered immediately, since it was determined that 
a possible turn is in progress and the track's current position in the turn is 
known. If on the subsequent scan it is determined, through target selection, 
that exactly one report is found in the deviation triaTs bin, or, if more than 
one, exactly one is found whose RBC is equal to the trial's ABC or whose code 
is garbled, that report shall be used to update the trial's history data. The 
trial's data, in turn, shall be transferred to its associated parent track, 
whose status shall be changed to normal, and the deviation trial shall be 
terminated. If no reports are found in the bin, the deviation trial is simply 
terminated, and, if on subsequent scans the parent track still fails to corre¬ 
late, turning track mechanism shall be used. 

A turning trial track is processed similarly to a deviation trial. Target 
selection shall first be performed to determine the reports that fall in the 
trial track's bin. The reports shall then be scored to determine if one good 
report (e.g., RBC s ABC with Mode C agreement) is found. If one is found and 
the turning trial has successfully correlated for 2 (SP) consecutive scans, 
the turning trial track's data shall be used to update its associated parent 
track, whose status shall be changed to normal, and the turning trial track 
shall be terminated. If no reports or more than one report of equal score are 
found, the turning trial track will simply be terminated. 

Since the location of the parent track determines the reference sector for its 
turning tracks, both shall be processed simultaneously. Target selection shall 
first be performed on both tracks to determine the target reports that fall in 
each bin. The reports shall then be scored, and the best score associated 
with each track, together with the number of reports with that score, shall be 
saved. If no reports were found in the track's bins or if the best score for 
each track is the same, both turning tracks shall be coasted. This also shall 
be the case if one track has a better score but there is more than one report 
with that score. Turning tracks shall be retained for a maximum of ten (SP 
not greater than 16) scans, at which time they shall be terminated. 

If one turning track has a better score that is associated with only one report, 
that report shall be used for correction of the turning track, and its status 
shall be changed to turning trial. The other turning tracks shall be termi¬ 
nated. 



3.3.4.2.9.2.3 (continued) 

In turning correlation, only those scores that reflect reports that are radar 
only or beacon reports that have Mode C agreement with the track and whose 
RBC is garbled or equal to the track's ABC shall be considered. If the track 
is radar only and correlates with a beacon report, the report shall remain 
eligible for automatic acquisition (i.e., shall not be erased from the target 
report store). 

It should be noted that on the first successful correlation of a turning track, 
i.e., when it becomes a turning trial track, only the position shall be cor¬ 
rected. No further smoothing shall be done on the turning trial track. How¬ 
ever, any unsuccessful correlation of a turning trial shall result in its 
termination. 

On a particular scan, then, the net result of the secondary path through P/S 
correlation for a normal track shall be the establishment of one of the 
following: 

a) Parent track and a deviation trial track 
b) Parent track and two turning tracks 
c) Parent track and a turning trial track. 

3.3.4.2.9,2.4 Process Unused Reports.- The Process Unused Reports (PUR) 
routine shall process all beacon and radar reports that have not been used 
after all correlation routines have been executed. Only those reports in the 
target report store that fall eight sectors behind the antenna shall be pro¬ 
cessed. The two main tasks of PUR are: 

a) Active track correlation 
b) Automatic initiation. 

The criteria used to perform the tasks are the target report's quality indi¬ 
cator, Mode 3/A validity (Va), Mode C validity (Vc), and radar reinforcement. 

Each unused target is first checked to determine if it has been flagged by the 
correlation routines to not be considered by PUR. The reason for flagging the 
target is to insure that a new track is not automatically initiated on a target 
that was not used by correlation because of an ambiguous situation. If, in 
fact, the target is new to the system, i.e., not simply the result of a split 
target or an unresolved ambiguous situation, it shall eventually be automat¬ 
ically initiated when the ambiguity is resolved. 

If the unused target being processed is a discrete beacon with validity greater 
than one (SP), an attempt shall be made to determine if its position is within 
five nautical miles (SP) of an active beacon track whose ABC is equal to the 
target’s RBC. (A track will be determined to be an active beacon track on the 
basis of the type of report which correlated to the track on the previous scan.) 
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3.3.4.2.9.2.4 (continued) 

If an active track is found and has not been correlated this scan or has been 
correlated with a radar only report or a beacon report whose RBC did not equal 
the track's ABC, and the distance criteria are set, the report shall be used to 
correct the track’s history data. When correction is perforned on the track, 
all associated turning or trial tracks shall be teminated. 

If the unused report is a non-discrete beacon or a discrete beacon not eligible 
for correlation with an active track, it shall be considered far autonatic 
initiation. If the beacon report is radar reinforced, it shall be iaaediately 
autonatically initiated. This involves creating an uncontrolled track slot 
in CTS by using the next available (unused) track slot. The report's RBC is 
stored in CTS as the uncontrolled track's ABC. In addition, the report's 
positional data and Mode C status are stored in CTS, and the track's firmness 
is set to three. The track is then eligible to be processed by initial 
correlation. 

If the beacon report is not radar reinforced, a bin shall be built around the 
reported position. The BOT shall then be searched to determine if any entries 
in the table fall within the bin and have code agreement with the report. If 
none is found, a new BOT file will be established for the report and its 
correlation count will be set to 2 (SP). If only one is found, its correlation 
count will be incremented by 2 (SP). Its time (since last correlation) field 
will be subtracted from current time to determine the number of scans since 
the last correlation. The current time will then be stored in the time field. 
The number of scans since last correlation will be multiplied by the counter 
decrement of 1 (SP), and this value will be subtracted from the correlation 
count. If the resultant count value is less than or equal to 0, the BOT file 
will be eliminated. If the value is greater than 0, the report shall be used 
to correct, i.e., smooth, the file's position and velocity. If the correlation 
count is greater than 0 but less than 4 (SP), the file will be straight line 
predicted for possible correlation on the next scan. If the correlation count 
is greater than 2, and the smoothed velocity'is between 50 and Ò00 kts (SP), 
an uncontrolled track file shall automatically be created, as was done for a 
radar reinforced beacon, and the BOT file shall be terminated. If the file 
does not pass the velocity check, it will be terminated. Unlike the radar 
reinforced beacon, the beacon only uncontrolled track shall have its firmness 
set to a non-initial value. 

If more than one track is in the beacon report bin and has code agreement 
with the report, the deviation scores of each are computed from their p, Q 
positions and the report's p, q position. The report with the lowest deviation 
score will be used for correlation and the same steps will be followed for this 
report as were done for the case when only one report with matching code fell 
into the bin. 
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3.3.4.2.9.2.4 (continued) 

As the BOT files are being checked for correlation with the first beacon 
report in the sector being processed, a check of the time since last correlation 
will be made to determine whether 3 (M’) scans have elapsed. If 3 scans have 
elapsed since the last correlation, the BOT file will be terminated, 'fter 
all BOT files have been checked in this manner, a flag will be set which will 
inhibit the time check when subsequent reports in the sector are processed. 
The flag will be cleared immediately prior to exiting the PUR routine. 

After the last beacon report has been processed, straight line prediction shall 
be performed on those tracks whose correlation count is greater than 2 (SP), 
using the smoothed position and velocity. 

If the unused report being processed is radar only, a check will be made to 
determine whether the report is within an auto drop area. II it is in such 
an area, it will not be eligible for automatic initiation. If the report is 
not within an auto drop area, it will be considered for automatic initiation. 

The automatic initiation process will b«- similar to the procedure used for 
beacon initiation, with several exceptions, first, the track liles will be 
held in the Radar Only track Table (ROT ) instead of the BOf, which is used for 
beacon track files exclusively. (See 3.3.4.2.9.3,7 lor a description of ROT). 
Secondly, the threshold which the correlation count is required to reach for 
radar track auto initiction will not be the same for the entire surveillance 
area. The threshold will be chosen from among three thresholds: one for the 
clear environment, one for the weather clutter environment, and one for areas 
of MTI breakthrough from ground clutter. The choice of threshold will be 
determined by using the clutter map (QS2 select map) which is maintained by the 
radar input processing routine, a manually defined ground clutter map, and 
five range azimuth gates which define the regions of MTI breakthrough from 
ground clutter. These maps and regions will be used in the following manner 
to select radar track auto initiation thresholds: 

1) 

If 

2) 

Mil Breakthrough Area ThreshoId - The MTI breakthrough areas will be 
five site-dependent range azimuth gates, each of which is defined by 
a start and stop range anti a start and stop azimuth. These areas will 
be within the area covered by the manual ground clutter map. Prior 
to auto initiating an ROT file, a check will be made to determine 
whether the track is in in area covered by the ground clutter map. 
it is, further check will le made to determine whether the track is 
in one of the five MTI breakthrough areas. A threshold of 8 (SP) 
will be required prior to initiation of radar tracks which are within 
MTI breakthrough areas. 

Weather Clutter Threshold - If the track in ROT is not within the. 
ground clutter area, the QS2 select map will be checked to determine 
whether the track is in a weather clutter region. If it is, a thresh¬ 
old of 6 (SP) will be required prior to initiation. In addition, if 
the radar report's quality is less than 4 (SP), it will not be used 
for auto initiation. 
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3.3.4.2.9.2.4 (continued) 

3) Clear Environment Threshold - 
an MTI breakthrough area or a 
ment threshold of 4 (SP) will 

After each unused »eport is processed, 
report store. 

If the track within ROT is not in either 
weather clutter area, a clear environ- 
b* used for auto initiation. 

it shall be erased from the target 

3.3.4.2.9.2.5 Prediction.- Track prediction shall he performed nine sectors 
behind the antenna after process unused reports has ueen executed. Six major 
tasks shall be handled by this subprogram. These tasks are as follows: 

1) Initialization of the track presence map and the radar detection 
map 

2) Updating output tables for active coast tracks 
3) Positional next scan prediction 
4) Determination if active or active coast track's predicted position 

falls in an automatic drop area or automatic handoff »rea 
5) Updating of the track presence map and the radar detection map 
6) Performing a velocity check on all uncontrolled tracks. 

The prediction routine shall begin by clearing to zero all bits in the Track 
Presence Map (TPM) and Radar Detection Map (RDM) which correspond to the 2 nm 
by 32 ACP zones in Sector n-3. 

All normal, parent, parent trinl, turning, turning trial, and deviation trial 
tracks that fall in the sector being processed shall be considered. All active 
tracks shall have their predicted X, Y coordinates placed in CATB. It should 
be noted that the predicted X, Y coordinates used for an active track are for 
the next scan. 

All normal, parent, parent trial, and deviation trial tracks that fall in the 
sector being processed shall be straight-line predicted from their current 
position to their expected position at the time of the next radar scan, using 
the following expression: 

«Vn+l 
(X.). * (X > T m n c n n 

where 

= T n-1 + T 

X - the predicted position of the tra'.k 
P 

X = the corrected position of the track if correlation was success- 
m ful on the current scan, or the currently predicted position of 

the track if correlation was unsuccessful 
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3.3.4.2.9.2.5 (continued) 

X = the last corrected velocity of the track 
c 

T . = the time of the last radar scan 
n 

T , = T computed last scan 
n-l n 

n = the current scan. 

The equation for the Y coordinate is similar. 

Since the first approximation of the predicted position ihay result in a change 
of the azimuth of the track, a second approximation may be needed to adjust the 
predicted position to the time at which the radar next crosses the track a 
time which will normally approximate but not necessarily equal Tn. Therefore, 
a modification for T is computed as follows: n 

AT = (<*pVl - #p) T". 

where 

(A ) . = the azimuth in BAMS, obtained by converting (X.YpVj 
P 11+1 from the preceding equation 

(A ) = the last azimuth, in BAMS. 
P 

If the absolute value of AT is equal to or greater than % second, the predict¬ 
ed position is revised using the following correction: 

«'pVl =<XpVl +(Vn AT. 

The correction for the Y coordinate is similar. 

For • discussion of those controlled tracks that are predicted into an automatic 
track drop or handoff area, see 3.3.4.2 ’3. 

If the predicted position does not fall in an automatic drop or handoff area, 
a check shall be made to determine if this active or active coast track is in 
handoff to the ARTCC. If it is, a counter in CTS is incremented to inform the 
interfacility I/O processing routine that a track update should be sent to the 
ARTCC. See 3.3.4.2.0. 

All turning and turning trial tracks that fall in the sector being processed 
shall be predicted along a turn from their current position to their expected 
position at the time of the next radar scan using the following expression: 



3.3.4.2.9.2.5 (continued) 

where 

(X.) ,, = predicted position 
t n+i 

(X ) = current position 
■ n 

V speed 

0 current heading 

R rate of turn, where R=lH°/sec. if the speed 
>220 knots, R = 3°/sec. if the speed of the 
knots 

of the track 
track s220 

T n 
= the last computed radar scan time. 

After it is determined that the predicted position of an active track is not 
in an automatic drop area, this position shall be used to update the track 
presence (TPM) and radar detection (RDM) maps. If the firmness of the track is 
greater than 14 (SP), the TPM shall be updated by setting to one all bits in 
the map which correspond to zones containing the track's primary bin. If in 
addition to its firmness being greater than 14 (SP), the track's 3-bit radar 
report history field equals 0, 1, 2, 3, or 4, the bits in the RDM which corres¬ 
pond to zones containing the track's primary bin will be set to one. 

The final task of the prediction routine is to perform a velocity check on 
uncontrolled tracks. If the track being processed is uncontrolled and if 
its velocity is less than 50 Kts (SP) or greater than 600 Kts (SP), the pre¬ 
diction routine will terminate the track. 

3.3.4.2.9.2.6 Beacon Radar Tracking Support Routines.- The three major support 
routines mentioned throughout the beacon radar tracking subprogram levels are 
correction, target selection, and report scoring. Since these routines shall 
be used by the correlation programs, they shall be discussed in detail at this 
point. 

3.3.4.2.9.2.6.1 Correction.- Track correction shall be performed only on tracks 
(controlled or uncontrolled) that have successfully correlated. In correcting 
the position and velocity of a track, its predicted position and the associated 
position of the target (beacon, radar, or combined beacon/radar) shall be 
smoothed using longitudinal and transverse parasmters. (The smoothing para¬ 
meters are listed in table 3-15). The smoothing technique used, track oriented 
smoothing, to compute the track's corrected position involves orienting the 
smoothing operations to the estimated track diruction. The reason for doing 
this is that aircraft normally maneuver in such a way that transverse acceler¬ 
ations are larger than longitudinal accelerations. 
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TABLE 3-15. SMOOTHING PARAMETER TABLE 
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3.3.4.2.9.2.6.1 (continued) 

Track oriented smoothing basically involves smoothing in a rotated system while 
preserving the use of ordinary X, Y coordinates for its implementation.. The 
corrected position shall be calculated using the following expressions: 

V(i) 
c n 

(Y > c n 

(X ) p n 

P » 

+ «T 

.s2 
c n-1 

. S 
V(XJ c n-1 

where 

U = (X - XR)n(Xc)n_1 + (y _ y ) (Y ) 
r p K n c n-i 

v = «p - XR,n(ïc,»-l - «p - ,R,.(Xc,.-l 

52 = (X )2 + (ï )2 en en 

X ,Y = corrected position of the track c c 
X ,Yp = predicted position of the track 

Xp.Yp = position of the report 
a a 

X ,Y = X, Y components of velocity 
C c 

= longitudinal (along tracld position smoothing parameter 

Oj. = transverse (across track) position smoothing parameter 

n = current scan. 

The corrected velocity shall be calculated using the same track oriented smooth¬ 
ing technique as follows: 

(X ) = (X ) . + c n c n-i . u(v.-i » *r 

‘V. = "cVi * 

where 

X ,Y = corrected X, Y velocity components c c 

3-196 



3.3.4.2.9.2.6.1 (continued) 

t = time since last correlation 

U = as defined previously 

V = as defined previously 
2 

S = as defined previously 

= longitudinal velocity smoothing parameter 

= transverse velocity smoothing parameter 

n = current scan. 

The reported position (XRf YR), in the case where a separate beacon and separate 
radar report were found and associated in the track's bin, is the result of the 
merging of the two reports using the minimum variance estimation as described 
in 3.3.4.2.4. 

The values of a , a-, fi , /3., are determined from the parameter table using 
the track's current1^rlllness index or the firmness based on the upper firmness 
limit computation, whichever is smaller. The limit computation takes into 
account the effect of the data error distribution which is skew to the track 
direction. This effect is approximately introduced by computing the variance 
of the data noise errors along the track's longitudinal and transverse direc¬ 
tions separately, using the current position and heading in the following 
expression: 

C.2 = C« sin2 (0-0)+ C2 cos2 (0 - 0) 
L y p 

cl = C2 cos2 (0-0)+ C2 sin2 (0-0), 
T W p 

where 

0 = track's azimuth 

0 = track's heading 

C2 = variance in position in tangential deviation (varies with track 
range) 

C2 p = variance in range (constant). 

Since these computations result in varying ranges of values, a normalization 
factor is applied to the above computations. The normalization results in a 
set of integer indexes (0-9) used to reference table 3-14, which contains the 
appropriate upper firmness limit. In applying the normalization factor for 
computing the integer indexes, the computations take the following forms: 
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1.3.4.2.9.2.6.1 (continued) 

where is an assumed nominal value of data noise variance (Co 0.0009). 

Then: 

.5(for rounding) 

,5(for rounding) 

L and T are then integer indexes to the table which contains the limit firmness. 
The limit fimness referenced by the integer L is compared agairist the longitudinal 
firmness retiieved from the Of, ß firmness step table (table 3-16). The smaller 
of the two firmnesses is then used to reference the longitudinal or, ß smoothing 
parameter values in Table 3-15. The transverse a, ^smoothing parameter values 
are obtained similarly from the integer, T. 

The corrected X, 
ness. Also, the 
shall be cleared. 

Y and X, Ÿ values shall be stored in CTS with the updated form- 
correlate flag of the track shall be set, and its coast counter 

The initial values of smoothing parameters shall be designed to allow an approx¬ 
imate least-squares straight line fit of a succession of reports, i.e., a simple 
a, ß tracker- This is accomolished by setting a, r aT and ß, - ßy for the 

uares straight line in oi a suu».cs»iuii ..-., .. -- 
This is accomplished by setting a. = a_ and A = ^ for thf. 

initial firmness values as shown in table 3-15. An initial Track with a firmness 
of one, two or three shall only have its position smoothed. Smoothing of 100 
percent is uáed here to simply lock-on to the proper target. The position on y 
of a turning track is corrected since a tangential change to the track s current 
direction is used to predict the turn of the aircraft. 

The corrected and updated history data of an active track (controlled or uncon¬ 
trolled) is stored in CTS and CATB, and the use of the data for siplay purposes 
is described in 3.3.4.2.10. 

When a beacon target is used for correction and the track has no Assigned Beacon 
Code (ABC), attempt shall be made to automatically assign the ReP^ed Jeacon 
Code (RBC) to the track. Originally a Tentative Assigned Beacon Code (TABC) ^ 
equal to the UBC is given to the track, and when another match is found (TABC - 
RBC), the track's ABC is set equal to the TABC. 

After correction has been performed on the track, the target report used to correct 
the track shall be labeled as used in the target report store. This shall inhibit 

processing of a report used by correction as an unused report in PUR. 
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TABLE 3-16. FIRMNESS TABLE (in octal) 

a, 0 Step 
Firmness 

Long. Trans. 

t 
1 
2 
3 
4 
5 
6 
7 

11 
12 
13 
14 
15 
16 
17 

0 
1 
2 
3 
4 
5 
6 
7 

1* 
11 
12 
13 
14 
15 
16 
17 

20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 
34 
35 
36 
37 
40 
41 
42 
43 
44 
45 
46 
47 

20 
12 
22 
23 
24 
24 
25 
25 
25 
25 
26 
26 
26 
26 
26 
26 
27 
27 
27 
27 
27 
27 
27 
27 
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3.3.4.2.9.2.6.2 Target Selection.- The first major task of the correlation 
routines shall be target selection. A primary and a secondary bin shall be 
built around the predicted position (range, azimuth) of the tr^ck using the 
expressions which follow: 

R + Er and A ± e:a *-he primary bin) 

R + KEr aiu A + L£a (for the secondary bin), 

where 

Er = BRE + C'j = Cj 

EA = C2 + ^ 

K and L = multiple parameters. 

The maximum value for E^ shall be 15½ degrees (SP). (^ is a constant £ degree, 
while C} and C3 are parameters which are a function of^the firmness of the 
track. Table 3-17 contains the primary bin size parameters. £n both expres¬ 
sions, two types of errors are reflected. The first term in each expression, 
BRE in Er and (^ in E^, represent the error in the radar. C'j and represent 

R~ 
the predicted error, BRE is a constant (1/16 nm) but shall be combined with the 
C'j term and stored as one term (C^ in the primary bin size parameter tables. 

The bin sizes are designed to be large enough to ensure proper correlation and 
small enough to reduce the probability of incorrect correlation. 

The size of the correlation bins is based on the outcome of studies and evalua¬ 
tions performed during the ARTS Enhancement effort coupled with empirical infor¬ 
mation and feedback from the ARTS III operational system. 

The routine shall determine the left and right sectors across which the primary 
and secondary bins are built, and then the number of reports in those sectors. 
Each report not used shall be checked to see if it falls in the bin or bins. 
For each report that falls in a primary bin, an index to the target report store 
shall be put into a word in the RAT table. If they fall in the secondary bin, 
bit 26 of reports in the bins are found in the upper and lower half of a stored 
word. 

3.3.4.2.9.2.6.3 Report Sccring.- After target selection has been performed, 
its output table, i.e., those targets that were found in the track's bin, shall 
be examined, and each target shall be assigned a qualifying score based upon 
its RBC, code and altitude validity, report quality, and relationship to the 
track's history data. For example, if a beacon report has goof] code validity 
(Va), good Mode C validity (Vc), Mode C agreement with the track, and its RBC 
is equal to the track's ABC. that report shall be assigned a qualifying score 
of zeio (see 3.3.4.2.9.3.4). 

3-200 



TABLE 3-17. PRIMARY ERROR PARAMETER TABLE 

FIRMNESS 
(in octal) 

Cl 
(feet) 

C3 
(degree nm) 

0 
1 
2 
3 
4 
5 
6 
7 

10 
11 
12 
13 
14 
15 
16 
17 
20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 
34 
35 
36 
37 
40 
41 
42 
43 
44 
45 
46 
¿7 

13680 
9630 
5575 
7600 
6460 
5510 
4655 
2370 
2180 
nAAA 

2120 
9020 
7100 
5980 
4980 
4230 
3560 
3230 
2990 
2770 
2600 
2480 
2370 
2260 
2180 
2120 
2080 
2050 
2025 
2010 
2000 

tt 
2000 
2000 
2000 
2000 
2000 
2000 

136.3 
87.5 
48.8 
67.2 
57.3 
48.3 
40.3 
18.8 
17.0 
15.3 
16.3 
81.7 
63.2 
52.8 
44.2 
36.2 
29.8 
26.7 
24.5 
22.5 
21.0 
19.8 
18.7 
17.7 
17.0 
16.3 
16.0 
15.7 
15.5 
15.4 
15.3 
15.3 
15.3 
15.3 
15.3 
15.3 
15.3 
15.3 
15.3 
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3.3.4.2.9.2.6,3 (continued) 

Each score is stored in the report table, and the lotsest score and the number 
of reports with that score is stored separately. This data is then used by the 
correlation routines to determine which report shall be used to correct and 
update the track's history data. 

3 3 4 2 9 3 Tracking Data Base.- The firmness, smoothing, primary error, and 
qualifying score parameter tables, together with the report address table, the 
beacon only table, and the radar only table, described in this section are 
referenced only by the tracking subprogram. All other tables and buffers 
referenced by tracking are described in 3.3.4.2.14, 

a .V4-2.9-3.1 Firmness Table.- The firmness of the track is both an indica- 
tioñ of its history and. more importantly, an index to various parameter tables. 
As can be seen from the table (table 3-16), its flexibility allows for adjust¬ 
ments to the current firmness based on the consecutive number of successful or 
unsuccessful correlations. This flexibility permits stepping ap or down through 
the table in larger increments based upon current (last few 8CÄ"s) performance 
of the track. For example, if the track’s current firmness is 30 and if 
correlation has been unsuccessful for three consecutive scans, its new firmness 
shall be set to 22. In track oriented smoothing, the firmness of the track is 
represented by the longitudinal firmness. 

Additional flexibility exists in retrieving the firmnesses to fte used for ob¬ 
taining the smoothing parameters. As shown in the a, ß step firmness position 
of the table (3-16), the track's current firmness is used as an index to r^- 
trieve separate firmness (index) values for obtaining both the longitudinal and 
transverse smoothing parameters. These separate firmness values, however, are 
used only after the upper firmness limit computations, described in correction, 
have been made. 

Initial tracks shall have firmness from 0-7. Turning tracks shall have firm¬ 
nesses from 10-12 (octal). Normal tracks shall have firmnesses of 14 to 47 
(octal). The firmness of 13 (octal) shall be used for turning trial tracks to 
determine the C. and C, values when establishing the bin. No alpha, beta smooth¬ 
ing shall be done for turning trial tracks. 

An active initial track reaching a firmness of zero shall be automatically 
placed in a tabular coast status. 

3.3.4.2.9.3.2 Smoothing Parameter Table.- This is a 47 (octal) word vertical 
table which is referenced by the current.(longitudinal) firmness of the track 
and its corresponding transverse firmness. Four smoothing parameters - alpha 
1, beta 1 and alpha 2, beta 2 - shall be represented at each level of track 
firmness. All shall be scaled +6, and the maximum value of each is one (l) 
(zero smoothing). The parameters, alpha 1 and beta 1, are used to smooth, 
respectively, the position and velocity along the track (longitudinal smooth¬ 
ing). The parameters, alpha 2 and beta 2, are used to smooth, respectively, 
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3.3.4.2.9.3.2 (continued) 

the position and velocity across the track (transverse smoothing). The values, 
in 64ths. used in the smoothing parameter table are shown in table 3-15. 

3.3.4.2.9.3.3 Primary Error Parameter Table.- This is a 47 (octal) word 
vertical table which is referenced by the current (longitudinal) firmness of 
the track. Two error parameters. C. and C-, shall be represented at each level 
of firmness. These two parameters shall be used to create a primary bin around 
the predicted range and aximuth position of the track. The bin shall be used 
to determine what reports, if any. fall near the track in position. 

C, is the range error factor in nautical miles scaled +9. Cg is the azimuth 
error in BAM nautical miles. The values used in the primary error parameter 
table are shown in table 3-17. 

3.3.4.2.9.3.4 Oualifvino Score Parameter Table.- This is a 10 (octal) word 
vertical table which is referenced by a report's classification. Words 1 
through 6 define classes of beacon reports which may be found in a beacon track's 
bin. For a given class, the qualifying score of the report will depend on its 
validity and whether there is Mode C agreement with the track. Word 7 is used 
for determining the qualifying score of a beacon report falling in the bin of 
a radar track. Its score depends upon the report’s validity. Word 0 contains 
the qualifying score for a radar only report. The score is dependent upon the 
radar report quality. 

A beacon report with radar reinforcement will have its qualifying score decre¬ 
mented by one. The qualifying scores are then used to determine "best reports" 
for a given track. The values used in the qualifying score parameter table 
are shown in table 3-18. 

3.3.4.2.9.3.5 Report Address Table (RAT).- The RAT (figure 3-37) is a 
revolving, threaded table used in conjunction with a track's TNT word in CTS 
(see 3.3.4.2.14) which shall contain the addresses of all reports associated 
with the track and an index with each entry pointing back to its associated 
track number. Also associated with RAT is a one-word index pointing back to 
its associated track number, and also a one-word index pointing to the next 
available slot in RAT. 

For each track processed in sector n-3 by P/S correlation, those reports found 
in the track’s bin shall be listed in RAT (2 words per entry). As a report is 
listed for the track being processed, a check is made on other entries in RAT 
to determine if the report is associated with any other tracks. If it is 
associated to another track(s), a field in RAT shall be updated to reflect the 
number of tracks associated with the report. 

An additional field is maintained for use as an index to reflect the radar only 
report to be used for radar reinforcement of a beacon only report. 
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TABLE 3-18. QUALIFYING SCORE PARAMETER TABLE 

Validity < n Validity 2 a 

Report 
Classification 

Mode C 
Disagree 

Mode C 
Agree 

Mode'c 
Disagree 

Mode C 
Agree 

Nord 1 
RBC = 
garbled code 

21 12 ---- 

Nord 2 RBC = 
Discrete ABC 

3 1 3 1 

Nord 3 RBC = ABC 16 1 •J 1 

Nord 4 
RBC = last 
reported code 

20 5 18 S 

Nord 5 
RBC = 
76##/77#0 24 8 

« 

22 8 

Nord 6 
RBC = new 
code 31 26 28 26 

Validity < n Validity * n 

39 34 

Nord 7 
Beacon in Radar 
Track's Bin 

0 s Report Quality < 4 4 s Report Quality * 7 

Nord 8 Radar Only 
Report 

4# 29 
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Entry 

Entry 

■[ 

Nord 2 

SR N Track Mustier 0 AR Index to Target 
Report Store 

Score 

1 / 
Nord 3t 

7 
t f 
< 

S 
R 
N 
B 

AR 
Score 

Report in track's secondary bin 
Raiar only report 
Nmber of tracks correlated to report 
Beacon only report 
'ndex to associated report in beacon/radar conbination 
Qualifying score for this report/track association 

RAT Index Final Address of RAT Next Available Address 
In HAT_ 

Figure 3-37. Report Address Table and Index 
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3.3.4.2.9.3.5 (continued) 

The size of RAT is 3t, where t is the number of tracks in the system. 

3.3.4.2.9.3.6 Beacon Only Track Table (DOT).- The BOT (figure 3-38) is a 
vertical table containing temporary files of beacon only unused reports. These 
files ( five words per file) are used to perform the initialization phase for 
beacon only tracks before they are automatically initiated as uncontrolled 
tracks. When a new beacon only unused report is processed by the PUR sub¬ 
program, it is placed in an unused BOT file. On a successive scan, when it is 
processed as an unused report, a search of the BOT file is made to find a match. 
If a match is found, the correlation count will be first incremented by a 
parametric count and then decremented by the number of scans since the last 
correlation. If at this point the correlation count is equal to or greater 
than a threshold, and if certain velocity checks are passed, the file is 
transferred to CIS as an uncontrolled track. When this is done, the BOT file 
shall be terminated. 

Those BOT files that fail to correlate for a parametric number of scans shall 
be terminated. In this way, intermittent reflections may be filtered out and 
not entered into the system as uncontrolled tracks. 

The size of BOT is 100 words, i.e., 25 track files. 

3.3.4.2.9.3,7 Radar Only Track Table (ROT).- The ROT (figure 3-38) is a ver* 
tical table containing temporary files of radar only unused reports. These 
files (four words per file) are used to perform the initialization phase for 
radar only tracks before they are automatically initiated as uncontrolled 
tracks. When a new radar only unused report is processed by the PUR subprogram, 
it is placed in an unused ROT file. On a successive scan, when it is processed 
as an unused report, a search of the ROT file is made to find a match. 

If a match is found, the correlation count will be first incremented by a 
parametric count and then decremented by the number of scans since the last 
correlation time. If at this point the correlation count is equal to or 
greater than a threshold chosen on the basis of the environment and if certain 
velocity criteria are satisifed, the file is transferred to CTS as an uncon¬ 
trolled track. When this is done, the ROT file shall be terminated. 

Those ROT files that fail to correlate on successive scans shall be terminated. 
In this way, clutter may be filtered out and not be entered into the system as 
uncontrolled tracks. 

The size of ROT is 150 words, i.e., 50 track files. 
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3.3.4.2.9.3.8 Tracking System Parameters.- Table 3-19 contains a summary of 
the Tracking System parameters (SP), together with their labels and value 
ranges. 

3.3,4.2.10 Display Output Processing.- 

3.3.4,2.10.1 General Requirements.- The display output processing function 
involves the preparation of all data for presentation on the controller's 
radar scope, the preparation of all data transfer commands (the output command 
chain lists), and the maintenance of the output transfer (the display refresh). 
These tasks shall be divided into separate subroutines in order to effectively 
handle the variety of data to be presented and to meet the individual update 
frequencies required for the various data. 

The data to be transferred to each display may be divided into six separate 
categories: 

1) Active controlled aircraft 
2) Inactive controlled (tabular) aircraft 
3) Uncontrolled aircraft 
4) System data 
5) Keyboard (preview) data 
6) Trackball position. 

3.3.4.2.10.1.1 Active Controlled Aircraft.- Active tracks shall be presented 
on the controlling console at the reported position of the target. The pre¬ 
sentation shall consist of the controller's discrete symbol, a leader, and two 
lines (of up to seven characters each) of alphanumeric data. The first line 
(Field 1) shall contain the AirCraft IDentification (ACID). The ACID shall be 
two to seven characters, the first of which must be alphabetic, or,if no ACID 
is available, there shall be seven blank characters. The ACID shall be right- 
justified if the format is offset to the S, SW, W,or NW. The second line shall 
contain the corrected Mode C altitude in the first three characters (Field 2), 
followed by a space (Field 3). If correlation was unsuccessful, CST shall be 
displayed in Field 2. If correlation was successful but no altitude was 
reported, Field 2 shall be left blank. The last three characters (Field 4) 
shall normally contain the aircraft's ground speed (in tens of knots) followed 
by a space or an "H" to indicate heavy jet for those aircraft identified as 
heavy jets through flight plan data received from the ARTCC or through keyboard 
modification of the flight plan data. When an "H" appears, the FDB shall be 
transferred with field select override (forced). An example of the active 
track full data block (FDB) format is: 

Controller's 
Symbol—S 

corrected altitude, speed, and 
heavy jet indicator 

ACID 
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TABLE 3-19. TRACKING SYSTEM PARAMETERS 

ITEM DESCRIPTION VALUE RANGE 

CFIRMQ 

PRTNNQ 

TCNQ 

TTCNQ 

CCNTQ 

FIRM1Q 

RRHO 

ACNTQ 

RQUALQ 

DIS2Q 

USPEEDO 

LSPEEDQ 

VAQ 

VCQ 

CCIBQ 

CCDBQ 

CCTBQ 

Firmness value above which speed is dis¬ 
played by the correction routine 

Number of successful correlations required 
before declaring a parent trial track a 
normal track 

Number of scans a turning track will be 
coasted before being terminated 

Number of successive correlations required 
before declaring a turning trial track a 
normal track 

Number of scons of coast allowed before 
track is put in tabular const 

Firmness limit for tracking feedback 

Alpha value for report quality calculations 

Number of consecutive scans of code match for 
auto acquisition 

Radar report quality below which radar report 
is not used for auto initiation in Weather 
Clutter 

Distance of unused beacon report from uncon¬ 
trolled track for auto acquisition 

Upper velocity limit for auto acquire 

Lower velocity limit for auto acquire 

Value used for good code validity 

Value used for good altitude validity 

Correlation count increment in BOT 

Correlation Count Decrement in BOT 

Correlation Count Threshold for uncontrolled 
track start for BOT 

0-47, 

0-17 
8 

0-17 8 

0-17 8 

8 0-17 

0-47{ 

0-1 

0-7 

0-7 

0-36 7/8 run 

0-900 Kts 

0-900 Kts 

0-3 

0-3 

0-7 

0-7 

0-15 

(Table 3-19 continued on page 3-210) 
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(Table 3-19 continued froa page 3-209) 

ITEM DESCRIPTION VALUE RANGE 

CCIRQ 

CCDRQ 

CTIMBQ 

CTIMRQ 

CCTRCQ 

CCTRMQ 

CCTRWQ 

Correlation Count Increment in ROT 

Correlation Count Decrement in ROT 

Maximum time allowed since last correlation 
in DOT 

Maximum time allowed since last correlation 
in ROT 

Correlation count threshold for uncon¬ 
trolled track start in ROT (clear area) 

Correlation count threshold for uncontrolled 
track start in ROT (MTI breakthrough) 

Correlation count threshold for uncontrolled 
track start in ROT (weather clutter) 

0-7 

0-7 

0-20 Sec. 

0-20 Sec. 

0-15 

0-15 

0-15 

3.3.4.2.10.1.1 (continued) 

If the aircraft reports a code of 7700 (emergency), 7600 (radio failure), 
3100 (hijack), or 1236 (suspect aircraft), the ground speed in Field 4 shall 
be replaced with an EM, RF, HJ, or SA, respectively. The alphanumeric format 
shall be transferred to the controlling console with field setoct override 
(forced), and the EM, RF, HJ, or SA characters shall blink. Ihe format shall 
be transferred in this manner until the EM, RF, HJ, or SA code is no longer 
being transmitted by the aircraft, or until receipt of a keyboard entry 
(MULtifunction, E) from the controller. An example of the emergency code 
format is: 

A307B 
061 EM 

S 

If the beacon and radar report for a target which has been actively tracked is 
lost for 1 (SP) scan, it shall become an active coast track before being placed 
in the coast/suspend list after 5 (SP) such consecutive scans. Such tracks are 
identified by the letters "GST" in Field 2 of the track's FOB. 
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3.3.4.2.10.1.1 (continued) 

If the aircraft transmits SPI, the characters "ID" shall be displayed in Field 
4 in the same manner as EM, RF, HJ, or SA (that is, format forced with "ID" 
blinking). If the SPI is received with an EM, RF, HJ, or SA code, the "ID" 
characters shall be time shared in field 4 with EM, RF, HJ, or SA. 

Active tracks controlled by positions at other displays shall be presented as a 
single symbol (SS) at the reported position of the target. The SS shall be the 
discrete symbol of the controlling position. These SS may be inhibited by 
keyboard entry (MULtifunction, F). The complete FDB format of these tracks 
may be obtained by requesting a specific track readout by keyboard entry 
(MULtifunction, D, slew), or through selection and activation of a quick look 
switch. The selected track, or the active tracks of the selected position 
(if quick look was used), shall be presented in the same format as on the 
controlling console, that is, controller's discrete symbol, same offset; and if 
the format contains EM/RF/HJ/SA, it shall be forced and the characters shall 
be blinking. 

Active aircraft in a handoff status shall be presented in the normal FDB format 
with the handoff receiver’s discrete position symbol in Field 3. The format 
shall also be transferred forced and blinking to the receiver's console. Upon 
acceptance of the handoff (keyboard entry track handoff), the track symbol 
shall be changed to the receiver's discrete position symbol, the offset 
shall be changed to the receiver's initial offset, and the receiver's 
symbol shall be deleted from Field 3. The format shall be transferred in the 
normal manner to the receiver (new controller) and shall be transferred to the 
sender in a forced and blinking format for three (SP) scans. After three 
scans, the sender's format shf.ll be automatically dropped. 

Handoffs between the ARTEC and ARTS III shall be presented in the same manner; 
however, a discrete track symbol (C) shall be used for ARTCC controlled tracks, 
a C shall be displayed in Field 3 for handoffs pending to the ARTCC, and a C 
shall be used as the track symbol after an acceptance of a handoff to the 
ARTCC. Should any track in handoff status fail to correlate for 5 (SP) scans, 
the track shall not be transferred to the tabular list (coast status) but shall 
be left in the active track format, frozen at the last predicted position. The 
same format shall be presented on the receiver's console (forced and blinking). 
In all other respects the track shall be regarded as a track in tabular coast 
status; that is, no position symbol shall be presented on other consoles and, 
if the track is assigned a discrete beacon code, the track shall be eligible 
for automatic reacquisition. The track shall retain the active track format 
for three (SP) scans after acceptance, to allow the sender's format to blink 
for that tisM. After the three scans, and if the tabular coast status has 
not been corrected, the track shall be transferred to the (new) controller's 
tabular list and dropped from the sender's display. The tabular coast status 
for the track in handoff may be corrected by autoreacquisition or by the track 
reposition keyboard entry. 
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¿.3.4.2.10.1.1 (continued) 

Field 2 may contain controller keyboard (Multifunction, Y) entered data of 
general nature. This "scratch pad" data shall consist of up to three special 
alphanumeric characters left justified in Field 2. The data shall be desig¬ 
nated as "scratch pad" by the display of a computer generated asterisk in 
Field 3. The scratch pad data shall be presented on a time-shared 1 : 1 
display ratio with Mode C altitude data. The scratch pad data shall be 
displayed for approximately 8 seconds and the Mode C altitude data (if present) 
displayed for approximately 8 seconds (SP) in each time-shared cycle. If 
either information element does not contain data, the remaining element shall 
be displayed all the time. Also, the asterisk in Field 3 shall be time-shared 
in the same manner with the controller position symbol when a handoff is 
initiated. When in the time-shared mode, the FDB shall be transferred to the 
display with field select override (forced). The general format ot an FDB is: 

Leader 
(Data Field L) 

Target 
Position 
Symbol 
(Alphanumeric character 
representing track’s position 
and indicating the track’s 
controller (Data Field P)) 

NW123-15 

060 24H 

Altitude and/or 
scratch Pad data 
(Data Field 2) 

ACID (Data Field 1) 

Speed and Heavy Jet indicator 
or EN/RF/HJ/SA or ID indicator 
(Data Field 4) 

Space, Handoff Symbol or 
asterisk (Data Field 3) 

u.o.-..Inactive Controlled Aircraft.- Inactive controlled aircraft 
shall include those track files in flight plan, store, tabular c°asf. and 
3.3,4.2.10.1.2 

suspend status. Track files initiated by keyboard entry, by an ARTCC flight 
plan message, or by magnetic tape input of flight plan data, shall be assigned 
Fliqht Plan (FP) status. Track files in FP status are not presented to the 
controller unless specifica-ly requested for readout in the preview area (key¬ 
board entry multifunction, display). Track files in FP status shall be auto¬ 
matically transferred to store status when the fcTA/PTD of the file is within 
five (SP) minutes of current time. When transferring a track tile 
status, an alphabetic line identity shall be assigned. If no line 
available, the file shall retain its store status but shall not be 
until a line ID can be assigned. 

to store 
identify is 
displayed 

Track files in store status with a line ID shall be presented on the control¬ 
ler’s display in a tabular format. The tabular format shall consist of up to 
26 lines (one line per store track) with each line including the line ID, the 
ACID, and four numeric characters of the track's discrete assigned beacon code 
ora D, dependent upon keyboard entry (Multifunction Z). If the track s assigned 
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3.3.4.2.10.1.2 (continued) 

beacon code is non-discrete, an N or the first two characters of the beacon 
code shall be presented, dependent on the same keyboard entry. The store list 
shall be ordered alphabetically by ACID. Ths lists shall be capable of selec¬ 
tion/deselection and relocation through keyboard entry. 

Active tracks trtiich fail to correlate for 5 (SP) consecutive scans shall be 
automatically transferred to tabular coast status. Active tracks which are 
manually suspended from active status shall be placed in suspend status. Both 
coast and suspend tracks shall be presented in a tabular format. The present¬ 
ation shall consist of a numeric (one digit) line ID. the ACID, and symbology 
indicating the status and the code assignment — a C or S for coast or suspend 
and a D or N for discrete or nondiscrete code. If the discrete code of the 
suspend track corresponds to the reported code of an uncontrolled track, the 
corrected Node C altitude of the uncontrolled track (if any) shall be presented 
following the "SD". Should more than ten tracks be assigned to coast or 
suspend status at one position, those in excess of ten (up to a maximum of 32 
total) shall be presented without a line ID. The coast/suspend list shall be 
presented in alphabetical order by ACID and shall be relocatable by keyboard 
entry. 

Below are examples of the store (arrival/departure) and coast/suspend tabular 
lists, respectively: 

I 

(Store List) 

G AA12 0412 
B AA120 
L AA12B 
D R0241 
A UA140 04 
C N10 
E WA78 

3.3.4.2,10.1.3 Uncontrolled Aircraft.- All uncontrolled tracks (those tracked 
beacon and radar reports that are not associated with or controlled by a 
specific controller) shall be considered for presentation on all controllers' 
radar scopes. All uncontrolled tracks shall be presented at their reported 
positions. If a Limited Data Block (IDB) is used, the format offset shall be 
0 (either north or northeast, depending on the console offset selection). 
Uncontrolled track single symbols and/or LDBs for Mode C beacon tracks (*), 
non-Mode C beacon tracks (+), or radar tracks (unique symbol to be specified 
at contract award) may be selected or inhibited by keyboard entry (MULtifunction 
F). If the position of the track is outside the display's area (based on the 
display's range and off-centering), symbology for the track shall not be trans¬ 
ferred to that display. 

(Coast/Suspend List) 

4 NC201 SN 
0 NW130 CD 
3 R0123 C 
7 UA222 SD103 
2 WA86 SD 
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3.3.4.2.10.1.3 (continued) 

All uncontrolled tracks shall qualify for presentation on each console in one 
of the foraats discussed below. 

Emergency, radio failure, hijack, and suspect aircraft codes (7700, 7600, 3100, 
and 1236 respectively) shall be displayed in an LDB format, forced and blinking 
on all consoles. Two examples of a radio failure format are shown below: 

7600 
20 

A □ 
The symbols (Qand^) represent selected codes. Emergency, radio failure, 
hijack codes, and suspect aircraft shall be considered as selected codes at all 
consoles. The square shall indicate a Mode C selected code and the triangle 
shall indicate a non-Mode C selected code. Both LQBs shall contain the speed 
(in tens of knots) in Field 4. 

If the uncontrolled track has a Mode C altitude whose validity (Vc) is greater 
than two (SP), it shall be checked to determine if the altitude is within 
the altitude filter limits for each display, (f it is within Ijiese limits, the 
indicators in CTS for the display being processed shall be set to affect the 
display of an LDB with shall consist of a three-character altitude. If the alti¬ 
tude is not within filter limits and Mode C single symbols (SS) have not been 
deselected by keyboard entry (MULtifunction, F) for the display, the uncon- - 
trolled track shall be flagged in CTS for SS display. If the uncontrolled 
track does not have a Mode C altitude, i.e., it is radar only dr non-Mode C 
beacon, additional checks shall be made to determine if the track should be 
flagged in CTS as an LDB or SS. The LDB would contain only the track's speed. 

Uncontrolled tracks reporting a discrete code corresponding to the assigned 
code of a controlled track ii suspend status shall be represented on all con¬ 
soles as two characters. The first character shall be the suspend track’s 
tabular line identifier and the second character shall be the controller's 
discrete position symbol. All uncontrolled tracks shall be presented as shown 
below: 

Track Symbology 

Radar only The unique radar symbol shall be 
specified at the time of contract 
award 

Selected Code Non-selected Code 

Mode C beacon within filter limits 

Mode C beacon outside filter limits 

Non-Mode C beacon 

□ 
A + 

* 
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3.3.4.2.10.1.3 (continued) 

For selected codes, the symbol (OorA) shall blink when the target reports SRI. 

Uncontrolled tracks which have been identified for a beacon/speed readout 
(MULtifunction, B, slew) shall be presented on the requesting console in an 
LDB format. An identified uncontrolled track readout shall be presented for 3 
(SP) scans and then automatically dropped. The LDB format shall correspond to 
those LDB formats previously discussed, but will additionally include the bea¬ 
con code in Field 1 of the format and the speed (in tens of knots) in Field 4 
of the format. The identified track format is shown below for Mode C and non- 
Mode C beacon tracks and radar only track. 

20 

□ unique radar * or 
symbol shall be 
specified at the 
time of contract 
award 

3.3.4.2.10.1.4 System Data.- A system data presentation, in a tabular type 
format, shall be provided at each display. The system data shall be reloca¬ 
table (MULtifunction, S, slew), and shall consist of the following information: 

Current Time - in hours, minutes and seconds, separated by virgules. The 
time will be updated each second and shall be initially entered and/or 
modified by the MULtifunction, S, keyboard entry. 

Altimeter Setting - in inches of mercury, to hundredths of inches, separ¬ 
ated by a period. The altimeter setting shall be entered by the MULti- 
function, S, entry. In the dual radar system, any entry of time or alti¬ 
meter setting shall update both radar subsystem. 

General Systems Information - the Automatic Terminal Information Service 
(ATTS) designator and general information (GI), such as runway in use, 
etc., shall be entered by the MULtifunction, S, entry. The AT1S designa¬ 
tor is displayed as an alpha character. The GI is displayed as up to 13 
alpha-numeric characters. No special characters except a space are allow¬ 
ed in the GI area. 

I 

Selected Codes - all codes (two digit non-discrete codes) selected by any 
keyboard at that display shall be listed in numerical order. Codes are 
selected by the MULtifunction, B, entry. A maximum of ten selected codes 
per display are permitted. 
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3.3.4.2.10.1.4 (continued) 

Eacracncv/Radio Failure/Hiiack/Suspect Aircraft Indication - EM and/or RF 
and/or HJ and/or SA shall be presented with the system data whenever a 
7700. 7600, 3100 or 1236 aircraft is detected. This shall be in addition 
to the LDB format described previously and shall ensure the emergency 
does not go undetected because of range scale and off centering. 

Memory Readout - the contents of memory shall be displayed with the system 
data upon operator request (MULtifunction, R). Both the address and the 
contents (up to ten/system) shall be presented in octal numerics. 

An example of a system data presentation is shown below: 

13/44/31 29.89 
A RUNWAY 4 
03 04 06 07 10 
11 12 
EM RF HJ SA 

001325 00000 07420 
001326 14000 00001 
014256 00000 00027 

System time and altimeter setting 
ATIS and GI 
Selected codes, this display, in 
numerical order, ten meximum 
Emergency, radio failure, hijack, 
and suspect aircraft indication 
Memory readouts 
Maximum ten/system 

3.3.4.2.10.1.5 Keyboard (Preview) Data.- Each keyboard shall have a relocatable 
(MULtifunction, P, slew) area consisting of keyboard input message characters 
and readout messages. The preview data shall be prepared and maintained by the 
keyboard input processing subprogram (see 3.3.4.2.7). An example of the pre¬ 
view display is shown below: 

FORMAT 
HD 
C 
TWA123 

error readout 

message characters 

3.3.4.2.10.1.6 Trackball Data.- The trackball (slew) position for each key¬ 
board shall be presented as a symbol (parameter for each keyboard) at a posi¬ 
tion defined by radar coordinates except when MULtifunctions: PREview, TABular 
or SYStem keyboard entries are made. For these multifunctions, the .trackball 
symbol position (and "home" position) shall be in display coordinates presented 
at the display center and updated from that position (in display coordinates) 
until the message is processed. 

The trackball shall be updated each refresh and shall be relocated to the 
"home" position after completions of message processing, except for the Track 
Reposition function, which allows two slew entries,and for the Track Drop and 
Track Handoff functions when in the Multiple Function mode (see 3.3.4.2.7.2.2). 
The "home” position shall be the display center, in radar coordinates. If the 
display center is not addressable in radar coordinates (because of display off- 
centering), the trackball shall be presented at that (addressable) radar 
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3.3.4.2.10.1.6 (continued) 

position nearest the display center. The display of the trackball symbol shall 
be inhibited at the "home" position and shall appear upon detection of move¬ 
ment of the trackball. 

3.3.4.2.10.2 Display Output Processing Design.- The display output processing 
task may be divided into two separate functions: buffer preparation and out¬ 
put chain list preparation. The subprograms employed to perform these functions 
are designed to meet all functional requirements while satisfying the timing 
restriction of the I0P and the system time delay imposed by the FAA-TD/S-120- 
801 specification. The specification states that a total system delay of 1.2 
seconds from receipt of video to display of alphanumerics shall be the maximum 
for tracked aircraft; two (2) seconds shall be the maximum for uncontrolled 
aircraft. 

The above requirement may be taken as a time from target declaration to time of 
alphanumeric presentation (since target length is not defined) for tracked tar¬ 
gets. No requirement was specified for the lime delay associated with keyboard 
messages. This is defined in the following paragraph. 

For all messages pertaining to tracked aircraft (for example, track start, mod¬ 
ify, handoff, and so forth) the maximum delay shall be 1.2 seconds; for preview / 
data (message characters), the maximum delay shall be 0,2 seconds; for readout 
data (contained in the preview) tabular and preview location, and for system 
data (time, altimeter setting, and so forth), the maximum delay shall be 0.5 
seconds; and for messages pertaining to uncontrolled targets (for example, 
filter limits, selected code symbology, and so forth), the entry will effect 
only new data. Therefore, the initial response shall be within 1.2 seconds and 
the complete response (for the full 36)6 degress of data) shall be within j.2 
seconds. 

The display output programs shall interface with all radar subsystem (ASR--1 and 
ASR-7) and shall be used in both dual and single radar systems. 

3.3.4.2.10.2.1 Display Output Buffer Preparation.- Two major buffer areas shall 
contain display output data: the Common Active Track Buffer (CATB) and the 
Track Chain List (TCL). All other output data shall be contained in the display 
parameter tables and the common system data buffer (time and altimeter setting 
and memory readout data). 

The CATB shall contain all track data: active control track FOB and single 
symbols (SS), quick look, handoff, active track readout formats, emergency and 
radio failure formats, and tabular line data. TCL shall contain uncontrolled 
target data: emergency, radio failure, hijack and suspect aircraft LUBs, un¬ 
filtered altitude LDB readouts, selected and unselected Mode C SS, selected 
and unselected non-Mode C SS, radar target SS, and identified uncontrolled track 
readouts (.maximum of one per keyboard) - together with the chain commands for 
both the controlled and uncontrolled data. Preview data (including error and 
controller-requested readouts), trackball symbols, and the system display data 
shall be contained in and transferred from the display parameter tables. 
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3.3.4.2.10.2.1 (continued) 

The display parameter tables shall be maintained by the keyboard input process¬ 
ing subprogram. The output chain commands for this data shall be contained in 
a Fixed Chain List (FCL) (one per display), and the chain commands shall also 
be maintained by the keyboard input processing subprogram. In this way, the 
buffer area and the chain commands shall be updated only when a change occurs, 
and the time-to-update shall be minimum. 

The tracked target data in CATB (controlled and uncontrolled) shall be main¬ 
tained by various subprograms including tracking, keyboard input processing, 
auto-offset, and interfacility input processing. In the dual radar systems, 
two CATBs (one per subsystem) shall be maintained. The output chain commands 
for tracked target data shall be prepared and maintained by the display output 
Chain Preparation Subprogram (CPS). The commands for the tracked data shall 
be contained in a single area of memory. That area shall include the commands 
for each data block (CATB), the controlled and uncontrolled track SS data, and 
the tabular data for each display, plus sufficient memory to repack the list 
of one display. Each list shall be variable in length and shall be relocated 
within the output chain area that each list updates. TCL of the display shall 
be referenced from the FCL and shall return control to the FCL. Figure 3-39 
shows the tracked chain list, and the fixed chain list is described in 
3.3.4.2.14. Table 3-2U lists the display output buffers used. 

3.3.4.2.10.2.2 Display Output Chain Preparation (CPS).- The CPS shall be refer¬ 
enced from the executive once per second per display. Upon entry, the CPS shall 
completely repack the TCL for one display. This approach will insure that the 
TCL of each display is updated at a frequency satisfying the system time de¬ 
lay, and that the chain list maintains a structure which most efficiently util¬ 
izes the display capability and memory. Effective utilization of the display 
capability requires that a minimum of alphanumeric write times (radar dead 
times) are wasted. This shall be accomplished by storing the alphanumeric 
write time available (Akfl - a value less than dead time and dependent on radar 
PRF), and also storing the write time required for FDBs, LUBs and SS formats. 
The CPS shall retain a counter for each display indicating the available time 
and,,as each chain command is packed, the counter shall be decremented. When 
an insufficient AWT is available, a command shall be packed to transfer the 
"Do Not Process” (DNP) A-word. When transferring FDBs, the DNP A-word shall be 
followed by the next FDD's B-word; that is two successive A-words shall not be 
transferred. 

The end TCL of each display shall contain a jump command to transfer I/O 
control back to the FCL jf that display. Ihe jump in the FCL (transferring 
control to the TCL) shall benodified upon completion of the TCL. After 
approximately 30 milliseconds, the old TCL of the display shall represent 
available memory for repacking the TCL of the next display. 

In preparing the TCL for one display, the CPS shall search the CTS. Each 
controlled active track shall b<> considered to determine if it is: 

1) Controlled by any position associated with that display 
2) In handoff status to a position at that display 
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Figure 3-39. Tracked Command Chain Lisi (TCU 
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3.3.4.2.10.2.2 (continued) 

3) A track handoff from a position at that display and still in a 
readout status on that display 

4) Controlled by a position being quick looked by any position at 
that display 

5) A track selected for readout by any position at that display. 

If none of the above criteria is met, the position of the active controlled 
track shall be considered to determine if SS presentation is required; that is, 
X, ï, filtering is performed. If the position falls within the range and off- 
centering of the display, that track shall be flagged (in the CATB) for SS 
symbology. 

The search of the CTS shall follow the controlled track threaded ACID order 
(that is, the first track file considered shall be the first in alphabetical 
order). Then, the controlled track files in tabular status will be found in 
their alphabetical order, facilitating preparation of the tabular data. 

Tracks found to be in tabular status (coast, suspend or store) shall be check¬ 
ed to determine if they are controlled by a position associated with the dis¬ 
play being processed. If the tabular track has no assigned line identity, an 
attempt shall be made to assign a line ID. The TN of all coast and suspend 
track files and all store tracks with a line ID shall then be placed in the 
TABular Index Table (TABIT) and the associated index shall be incremented. 
Upon completion of the active track commands, the FABIT shall be used to 
develop the tabular commands and the tabular buffer data. Both the output 
commands and the buffer data for all tabular lists shall be contained in the 
TCL. 

After the tabular data commands have been completed, the SS data for controlled 
aircraft shall be prepared. The B-words for all controlled tracks flagged in 
the CATB shall be transferred to the TCL. The necessary A-words to control the 
AWT will also be transferred to the TCL together with the chain command to 
transfer the SS data. 

The uncontrolled tracks shall be processed next. 'Ihe search of the CTS shall 
follow the uncontrolled track thread. All uncontrolled tracks shall be flagged 
in CTS for appropriate presentation on each display through prefiltering. If 
the uncontrolled track's position is outside the area of the display (based on 
the range of the display and off-centering), its display indicators in CTS, for 
the display being processed, shall be cleared to indicate that no display 
presentation should be made for this uncontrolled track. To determine whether 
or not the uncontrolled track is on a particular display, a check shall be 
made on the X, Y coordinates of the track versus the X, Y coordinates repre¬ 
senting coverage on the display by referencing the display parameter table. 
Those tracks flagged as SS shall be transferred to the TCL along with the 
necessary ^-words to control the AOT and with the chain command to transfer the 
SS data. 

After the uncontrolled track SS data commands have been completed, the LDB 
data for uncontrolled aircraft shall be prepared. All uncontrolled tracks 
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3.3.4.2.10.2.2 (continued) 

flagged in CIS for LDB formats through prefiltering shall be formatted as 
appropriate LDBs (e.g., altitude readouts, emergency code presentations, etc.) 
are transferred to the TCL together with the necessary A-words to control the 
AWT. A chain command shall then be stored to transfer those LOB words. 
Finally, the jump command shall be stored to return control to the FCL, and 
the jiap command in the FCL shall be changed for reference of the new TCL. 
Control shall then be returned to the executive. 

In preparing the TCL, checks shall be made to insure that enough area is avail¬ 
able to contain the next format (BCD, tab list buffers, SS buffer, or LDB 
buffer). If sufficient area is not available, an alarm printout shall be re¬ 
quested. The data lost shall be uncontrolled track data first, then controlled 
track SS data, then tabular data, then FDBs. A chain list for one display may 
also progress from the end of the TCL to the beginning. In providing for this, 
words may be wasted (last words in TCL may not be used). However, the number 
of words wasted shall not exceed that required for an LDB buffer or an SS 
buffer or the tabular lists. 

Nhen interfacing with the ASR-7 (staggered pulse periods), two AW values shall 
be used. The two (alternating) values shall provide added write time; however, 
additional DNP A-words must be used to maintain synchronization when the chain 
list transfers from the FCL to the TCL. With a non-staggered radar subsystem, 
only one AWT value shall be used and all resynchronization checks shall be 
bypassed to prevent wasting DTs. The available write time may be approximated 
by the following equation: 

AWT = 56 + DT/2 

where 

DT = total DT of a display with a 55 nm range. The DTs for ASR-7 sub 
system shall be 953 and 033 microseconds. 

3.3.4.2.10.3 Display Output Data Base.- The tracked Command Chain List (TCL) 
and the TABular Index fable (TABIT) described on the following pages are those 
tables used by the chain preparation subprogram only. Tables and buffers used 
by CPS and other subprograms are described in 3.3.4.2.14 and are listed below; 

1) Central Track Store (CTS) 
2) Fixed Chain List (FCL) 
3) Display parameter tables 
4) Common Active Track Buffer (CATB). 

3.3.4.2.10.3.1 Tracked Command Chain List (TCL).- The TCL shall jj11 
display output coumands for, active controlled tracks, tabular tracks, SS data, 
and uncontrolled tracks data, as well as the buffer areas for tabular, SS and 
uncontrolled LDB data. The commands and buffers shall be contained separately 
within the TCL. The area used for commands and buffers of any display shall be 
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3.3.4.2.lü.3.1 (continued) 

variable in length and shall rotate within the TCL as the area of each display 
is periodically repacked. The SS data includes single symbols representing 
aircraft controlled at other displays and not presented as FUBs on the display, 
together with single symbols of all uncontrolled aircraft not eligible for LL)B 
presentation. The LOB data includes LDBs for all uncontrolled aircraft that 
fall within the coverage of each display. Further, no SS or LUB data need be 
prepared if they are inhibited by keyboard message request filtering. 

The storage required for the TCL shall provide for worst case (all tracks 
uncontrolled). 

The equation for memory required is: 

3T (D+1) + 100 

where 

l) = number of displays defined for each system 

T = number of tracks defined for each system. 

In a dual radar system, a TCL shall be associated with each radar system. The 
TCL is shown in figure 3-39. 

3.3.4.2.10.3.2 TABular Index Table (TABl’i >.- The TAB IT is an internal temporary 
table prepared by the CPS to aid in development of the tabular buí fers and 
output commands. The TABU shall require 9<J words of memory, one index word 
and 32 words of storage for up to three keyboards at one display. The 32 
storage words shall retain the internal track numbers of the keyboard s tabular 
tracks—store tracks in the lower, coast/suspend tracks in the upper half word. 
The index word retains the number of tabular tracks. Because the tabular tracks 
are found by following the threaded (alphabeticallyt CIS list, the track num¬ 
bers in TAB1T will be in their proper alphabetical order. The TABIT is shown 
in figure 3-4U. 

3,3.4.2.10.3.3 Display Output System Parameters.- Table 3-21 contains a 
list of the system parameters used by Display Output Processing, logehter with 
their discription and value range. 

3.3.4.2.11 Automatic Offset.- The following paragraphs describe the general 
requirements, design, and data base of automatic offset. 

3.3.4.2.11.1 General Requirements.- The automatic offset function (selectable 
at each display by keyboard entry) shall attempt to minimize alphanumeric for¬ 
mat overlapping at each display. The active controlled track formats at each 
display shTll be periodically checked to determine if format overlap exists. 
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Figure 3-40. Tabular Index Table (TABIT) 
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TABLE 3-21. DISPLAY OUTPUT SYSTEM PARAMETERS 

ITEM 

CCNTQ 

CNTDNQ 

ASQ 

DSQ 

SCRQ 

VCQ 

BCMISQ 

DTFDQ 

S1DT1Q 

MXCT1Q 

MXCT4Q 

AADTQ 

DBBQ 

SSBQ 

TBBQ 

DESCRIPTION VALUE RANGE 

Number of scans of coast allowed before 
track is placed in tabular coast list 

Number of scans on FDB in handoff status is 
presented (forced and blinking) on the 
sender's console after acceptance of the 
handoff by the receiving console 

Time, in minutes, prior to ETA when a 
flight plan is transferred to store status 

Time, in minutes, prior to PTD when a flight 
plan is transferred to store status 

Time to display scratch pad data 

Value used for good altitude validity 

Number of scans that an identified uncon¬ 
trolled track readout is displayed 

FDB alphanumeric write time, in microseconds 

Usable alphanumeric write time (radar dead 
time), in microseconds, based on radar PRF 

Altitude C-word write time, in microseconds 

Speed C-word write time, in microseconds 

A-word write time, in microseconds 

Data block B-word write time, in microseconds 

Single symbol B-word write time, in micro¬ 
seconds 

Tabular B-word write time, in microseconds 

0-17e 

1-5 

0-500 

0-500 

0-178 

0-3 

0-120 

64-S1D1Q 

132-265 

15- 25 

8-25 

.33 

16- 19 

13-16 
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3.3.4.2.11.1 (continued) 

If overlap is detected, the offset of one of the formats shall be changed. 
Only the active tracks controlled by the position or positions *t one display 
shall be considered. No attempt shall be made to prohibit an active track 
format from overlapping with untracked target readouts, quick looked tracks, 
handoff tracks, tabular lists, preview data, or single symbols (representing 
other controlled aircraft or untracked aircraft). Also, no attempt shall be 
made to prohibit crossing leaders. Firmat offsetting off the display scope 
shall be prohibited. 

.*(.3.4.2.11.2 Automatic Offset Design.- One subprogram shall perform the auto 
offset function. This subprogram shall be referenced from the executive once 
every six seconds per display. On each reference, one display shall be 
considered and all necessary offset changes shall be made. Track format offset 
shall be stored in the CATB (the buffer area which shall be transferred 
directly to the displays). The automatic offset subprogram shall use the pos¬ 
ition data table to determine the display offset (north or northeast), display 
range, and off centering. Alphanumeric size and leader length shall be pre¬ 
stored parameters. 

The automatic offset subprogram shall employ a 120-word map table which depicts 
the display scope. The map table may be viewed as a Ó0 by 60 matrix where 
each element of the matrix corresponds to a bit in memory and also represents 
a portion of the display scope. A set bit shall represent an alphanumeric 
characters) on the scope or an unviewable portion of the scope. 

Initially, bits shall be set to represent the perimeter of the scope. The 
CTS shall then be searched for all active track formats controlled at that 
scope. When one is found, the position and format offset is determined from the 
CATB. Bits shall then be set in the map table to represent the alphanumeric 
tag. If these bits are already set, an overlap shall be declared. The number 
of conflicting bits required for declaring an overlap condition shall be a 
parameter. Once overlap is declared for an active track format, the next 
(clockwise) offset shall be considered. If no overlap is detected at the next 
offset position, the new offset shall be stored in the CATB, the corresponding 
bits shall be set in the map table, and the next active controlled track sh^ll 
be considered. If overlap is found at all offsets, no offset change shall be 
made. 

If the format offset is changed from a one to a two (01 to 10) or from a three to 
a zero (11 to 00), the ACID shall also be changed in CATB from left to 
justification or from right to left-justification, respectively. The offset 
direction and offset value (bits 6 and 7 of the A word) are shown in figure 
3-41. 
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3.3.4.2.11.3 Auto—tic Offset Da^a Base.- The autonatic offset subprogran 
shall require the following data tables: 

1) A 12-word table, by display, containing the controller positions at 
that display (up to three/display) 

2) A 12-word table, by display, defining selection of each display, 
alphanuaeric size (including spacing between characters), and leader 
length 

3) A 120-word nap table 
4) A 30-word table to facilitate map table (perimeter) preparation. 

The auto offset function shall also require use of the CTS, the position data 
tables, and the CATB (see 3.3.4.2.14). 

3.3.4.2.11.4 Automatic Offset Parameters.- These are no parameters associated 
with automatic offset. 

3.3.4.2.12 Console Typewriter Output.- The following paragraphs describe the 
general requirements, design, and data base of console typewriter output. 

3.3.4.2.12.1 General Requirements.- The console typewriter output function 
supports other major operational program functions. Tasks include the detec¬ 
tion of printout requests, the preparation of the output data, and the transfer 
of that data to the console typewriter. Printout requests are made by the 
various subprograms. The types of printouts are divided into three categories: 
1) alarm, 2) recording, and 3) requested. 

Alarm printout requests result from program-detected malfunction in the hard¬ 
ware, as well as program-detected data errors in input data. A list of the 
alarm printouts is contained in table 3-22. 

Recording printouts result from the receipt of selected keyboard messages. The 
purpose of these printouts is to provide a record, on hardcopy, of the event, 
the initiating position, and the time of occurrence. The various recording 
printouts are: 

ALTM K 14:04:01 
TIME K 14:05:00 
MEM K 14:59:10 
STAT K 15:30:00 
CFG K 20:24:59 
CONS K 23:40:22 

DCON K 06:20:01 
MTU K 07:19:59 
IF K 06:20:09 

29.92 
14:04:30 
004240 
X = PB 
4 
E = A 

Altimeter setting change 
Time change 

0000000014 Memory contents change 
Keyboard status change 
Configuration change 
Consolidation - position E with 
A 
Deconsolidation 

(SELECT or INHIB) MTU select or inhibit entry 
(SELECT or INHIB) Interfacility select or inhibit 

entry 
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3.3.4.2,12.1 (continued) 

Mi 

CHGP 

K 

K 

09:31:39 

10:15:20 

(SELECT or INHIB) 

(PARAMETER) 

Auto-Handoff sélect or 
inhibit entry 
Parameter change 

Requested printouts shall result from a keyboard entry (MULtifunction, CFG, X, 
OfTffl). Two different printouts, both of which reflect the configuration of 
the system, may be requested: that is, the "X-may be a 1 or a 2. 

Requested printout Number 1 consists of a header, CFG1, requestina position 
identifier and time, followed by one line for each position. Included with 
bôÜÏdPchÎJÎ.Ü? S5a11 06 the associ«ted display identifier, the key¬ 
board channel, the keyboard status, the subsystem (for dual beacon systems)7 
and up to five quick look position identifiers. * ' 

The keyboard status shall be designated by a C for controller, an M for main¬ 
tenance, and a P for paired position. If paired, the P shall be followed bv 
the associated position identifier(s). The printout format is shown below/ 

CFGl 
AJl 
B 01 
D 02 
E 02 
X 02 

K 
C 
C 
PE 
C 
M 

06:28:12 
FGHIJ 
FA L 
BDRF 

Requested printout Number 2 consists of a header, CFG2, requesting position 
identifier, current configuration number, and time, followed by one line for 
each entry/exit fix combination used to define the configuration. Included 
witSi each combination shall be the associated primary controller and the 
active controller, if different. The active controller is different from the 
primary controller only when a consolidation entry was made. The printout 
format is shown below: 

CFG2 
J2l*BCD 
V30 «BCD 

«BCD 
J21*XYZ 
J21* 

06:32:29 
A 
A 
B C 
C 
D 

3*,3.,4t2t12t2 Console Typewriter Output Pesian- One executive referenced 
subprogram shall be used to provide the console typewriter output capability. 
This subprogram (CTYP) shall be referenced once per second. 
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3.3.4.2.12.2 (continued) 

The recognition of elen message, recording message, and requested message 
requests shall be performed by searching a print request table. 

The print request table (described in 3.3.4.2.14) shall be modified by those 
executive subprograms and interrupt routines which determine the need for 
an error printout. The print request table shall be ordered by priority: 
higher priority printout requests shall be honored first. Print messages 
shall have the following priorities: 1) alarm messages, 2) recording 
messages, 3) requested messages. 

Preparation of the output data for transfer to the console typewriter generally 
involves the unpacking of prestored data, placing the various fields of the 
data in an output buffer, and initiating the output transfer, ahe various 
fields of the message may include time and subsystem (for dual radar systems), 
as well as ACID or channel number. 

The requested printouts shall involve several lines of data. Each line shall 
be prepared and transferred separately. Indexes shall be maintained to 
indicate the next line to be prepared and transferred. Alarm printouts and 
recording printouts shall have priority over the requested printouts and will 
will be honored when requested, even before the completion of a requested 
printout. 

Alarm printouts may be inhibited through selection of Jump Keys 3, 4, 5, and 
6 (for DAS, DEDS, interfacility/UfTU, and RDAS error printouts, respectively). 
Also, each alarm printout may be prevented from occurring more than once per 
minute. The above two restrictions are both tasks performed by the CTYP 
subprogram. 

3.3.4.2.12.3 Console Typewriter Output Data Bas_e.- The print request tables 
are'shown in 3.3.4.2.14. Additionally. ClÏF shall use approximately W 
words of prestored output data, and a 40 word output buffer. The prestored 
data shall be packed six characters per word with all necessary letters/ 
figures and space characters. The prestored data shall be unpacked and 
stored in the output buffer (one character per word) prior to transfer. 

3.3.4.2.12.4 Console Typewriter Output Parameters.- There are no parameters 
associated with console typewriter output. 

3.3.4.2.13 System Timeout Processing«" The following paragraphs describe the 
gênerai requirements, design, and data base for system timeout processing. 



3.3.4.2.13.1 General Requirements.- There are a few unrelated timed tasks 
which must be periodically executed from the executive routine. The following 
is a list of these tasks which shall be grouped together and called system time¬ 
out processing: 

1) Timeout I/O activity on all of the DEOS channels 
2) Timeout the receipt of beacon target inputs from the BOAS 
3) Update the clock time displayed on each display console 
4) Monitor controlled track files set up for a one-second delayed 

terminate. 
5) Perform the 3 (system parameter) scan countdown on all accepted 

handoffs 
6) Monitor flight plans 
7) Timeout the data transfers to and from the digitizer 
8) Perform the 3 (system parameter) scan countdown on all identified 

(MULtifunction, BCN) uncontrolled tracks 
9) Monitor the EM/bF/HJ/SA presentation in the system data area. 

10) Flush old tabular coast tracks 
11) CIS capacity test 
12) Automatic track drop/handoff. 
13) Timeout radar input processing 
14) Check RDAS alignment 
15) Re-enable video processing following suspension due td malfunction. 

3.3.4.2.13.2 System Timeout Processing Pesian.- The System TimeOut Processing 
(STOP) subprogram shall be a low priority executive subprogram and shall be 
executed at approximately one-half second intervals. It shall exist in both 
subaystems of a dual radar system. It shall perform various timing functions 
related to timing out of I/O activity on the DEDS, RDAS and BDAB channels, 
updating the system clock, terminating track files, timing out blinking 
handoff formats, checking digitizer status and alignment, and monitoring flight 
plans. The following sections describe the individual subtasks of the STOP 
subprogram. 

3.3.4.2.13.2.1 DEDS Timeout.- This subtask shall insure that input and 
output data transfers are progressing on all DEDS channels. This shall be 
accomplished by having the KIP set a timeout flag (one flag for each DEDS 
channel) each time a DEDS input chain monitor interrupt is processed. The 
STOP subprogram shall clear all timeout flags of DEDS channels and, if a 
timeout flag is already zero, this shall be interpreted as an I/O failure 
on the corresponding DEDS channel. This method shall detect both input and 
output failures, since DEDS input is triggered (in the DEDS) by receipt of 
the display output buffer. If a failure occurs, an error printout (DEDS 
FAIL) shall be provided on the console typewriter and the input chain of the 
channel shall be re-initiated. The output chain shall also be re-initiated at 
the beginning of the fixed chain list of the console. 
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3.3.4.2.13.2.2 BUAS Timeout.- This subtesl shall timeout the receipt of input 
data from the Beacon Data Acquisition System (BOAS). The UDAS input munitur 
shall set a flag each time a BUAS external interrupt is received. The STUB 
routine shall clear the flag and, it it was already zero, this shall bn inter¬ 
preted as a BOAS I/O failure. Accordingly, an error printout shall be pro-, 
duced (.BOAS FAILURE). The BUAS input chain shall be re-established if a BUAS 
I/O failure occurs. 

3.3.4.2.13.2.3 Update Clock.- The clock time displayed in the preview area 
of each display console shall be updated every one second, based on the 
realtime clock. In a dual radar system, only one of the STOP subprograms shall 
update the time. 

3.3.4.2.13.2.4 Terminate Tracks Sei lip lor Uelayed Terminate.- Whenever a 
controlled track is terminated from the system, a one-second delay must be 
observed before the CATB of the tra<k may be used for a newly initiated track. 
This will allow display output processor enough time to remove the FOB chain 
comnand of the track from the output chain of any scope which may be refer¬ 
encing the CATB data of the track. 

This subtask, therefore, shall tim»; the one-second delay for tracks to be 
terminated. After the one-second delay has elapsed, this subtask shall 
determine the status of track being monitored. If the track's status is tabu¬ 
lar, it shall be terminated, making the track file available for future use. 
However, if the track's status is active, it shall be changed to an uncon¬ 
trolled track. History data shall be retained for the tracking function. 

3.3.4.2.13.2.5 Blinking Handoffs Timeout.- For all accepted handoffs, a 
three scan (system parameter) countdown shall be performed, starting from the 
time the handoff was accepted. When the three-scan countdown has elapsed, 
the following actions shall be performed by STOP: 

1) For an ARTCC track (a track just accepted by the ARTCC from ARTS), 
the file of the track shall be set up for tennination (to be per¬ 
formed in one second) and the blinking format shall be erased from 
the former ARTS controller's scope. The track file cannot be termi¬ 
nated immediately since time must be given to the display output 
processor to remove the FOB chain command of the track. 

2) For handoffs accepted with the ARTS system, the blinking format shall 
be removed from the sender’s scope. 



f 

i 
3.3.4.2.13.2.6 Monilor Fliutit flans.- Every half-minute (approximately 
executions of STOP) all flight plans (FPs) shall be checked. If an FP's 
ETA/PTD is within -13 minutes/+r» minutes of current time, it may be eligible 
to become a store track. If the FP has a duplicate ACID with another track 
file (except FP), then, of course, it may not become a store track. In this 
case, if the FP is a departure, its PTI) shall be increased by two minutes. 
Otherwise, (if duplicate A0I1>> the FP shall be discarded andaconsole type¬ 
writer printout (CTS iMJP JO) shall be provided. If no duplicate ACID exists, 
then the FP shall be changed to a store track. If the FP has an entry/exit 
fix, the track controller shall be re-determined according to the current 
entry/exit fix configuration table. A tabular line ID (if available) shall be 
assigned to the track anil the track shall be displayed in the controller's 
tabular list. If the track has a duplicate discrete AHC (with another track), 
the ABC shall be discarded and a console typewriter printout (DUP BCN) shall be 
provided. 

3.3,4.2.13.2.7 RDAS Interface. This subtask shall time out the trans¬ 
fer of data to and from theRDAS. The radar input processing routine shall 
set buffer active flags whenever iniliating input and output chains. One flag 
shall be reserved foi each of these chains. The input and output flags shall 
be reset during input and output monitor interrupt processing, respectively. 
The STOP routine shall check these ! lags. A time-out alarm, as defined in 
table 3-3, shall be generated if ,» flag is not set. Otherwise, the flags are 
cleared and the assumption is mad< that input and output is proceeding normally. 

3.3.4,2.13.2.8 Monitor Identified Deacons.- This subtask shall countdown 
each active identified uncontrolled track readout. Starting from the time the 
readout is requested (H’ttifunction, BCN entry), a three scan (system para¬ 
meter) countdown is performed, and, when the countdown has elapsed, the read¬ 
out request is terminated. 

3.3.4.2.13.2.9 Monitor EM. RI. IM. SA Display.- When an uncontrolled track 
correlates on a 7700, 7i>M, 31W, or 1236 code, an EM, RF, HJ, 'or SA, respec¬ 
tively, is displayed in the system data area. This subtask shall erase the 
display of the EM/RF/MJ/SA when the 7700, 7600, 3100, or 1236 is no longer 
found in the system. 

3.3.4.2.13.2.10 Monitor Tabular Coast Tracks.- If a controlled track remains 
in the tabular coast/suspend list for a period of five (SP) minutes, it shall 
be automatically terminated from the system. 

3.3.4.2.13.2.11 CTS Capacity Test.- When an increase in the number of used 
CTS files above 8^0 (SP) capacity is detected, an I/O console printout (TRK 
CAPACITY +) is requested. When a decrease to or below 85% capacity is 
detected, the printout (TRK CAPACITY -) is requested. 
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3.3.4.2.13.2.11 (continued) 

The number of used tracks shall be tested for 90% (SP) of CTS capacity. This 
test permits additional magnetic flight plans to be transferred into CTS above 
the 83% capacity. This shall reduce the repeated (TRK CAPACITY +) and (TRK 
CAPACITY -) printouts when CTS is at capacity and magnetic tape flight plan 
input processing (3.3.4.2.15) is active. 

3.3.4.2.13.2.12 Automatic Track Drop/Handoff.- For each controlled track, 
a check shall be made to determine if the position falls in the automatic track 
drop area and, if it does, the appropriate bits shall be set in CTS for a 
delayed terminate track. In addition, any associated tracks shall be erased 
and the current time shall be stored in the active track file to allow for a 
one-second time-out check for terminating the track from the system. Those 
tracks currently in handoff to the ARTCC shall not be placed in delayed 
terminate. 

The automatic drop area shall be determined by the following criteria: 

a) Those tracks designated as arrival at the airport at which the 
radar is located shall be terminated upon penetration of an area 
around the airport defined by three ranges and three azimuths. 

b) Those tracks designated as arrivals at up to five other major 
airports shall be terminated upon penetration of area, or bin, around 
each of the airports consisting of two ranges and two azimuths each. 

c) All departure aircraft in each radar system shall be automatically 
terminated when no longer within two major areas (two ranges and 
two azimuths). 

d) All overflights or tracks with undefined arrival/departure informa¬ 
tion shall be terminated when no longer within one specific range. 

If the track does not fall in an auto-drop area, an additional check shall be 
made to determine if its position falls in an automatic handoff area. 
Additional criteria used to determine if the track is eligible for handoff 
are the track's beacon code, heading, airport in use, runway in use, controller, 
and arrival/departure/overflight status. If it is determined that the track is 
eligible for handoff, the handoff shall be automatically initiated to the appro¬ 
priate controller. 

The automatic handoff areas shall be determined by the following criteria: 

a) Those tracks designated as arrivals at the airport at which the 
radar is located shall be handed off upon penetration of an area 
around the airport defined by three ranges and three azimuths. 

b) Those tracks designated as arrivals at up to five other major air¬ 
ports shall be handed off upon penetration of an area, or bin, around 
each of the airports consisting of two ranges and two azimuths each. 
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3.3.4.2.13.2,12 (continued) 

c) All departure aircraft which were originally received as flight 
plans from the ARTCC shall be automatically handed off to the ARTCC 
when no longer within two major areas (two ranges and two azimuths). 
This only applies to ARTCC with automated tracking capability. 

All ranges, azimuths, beacon codes, headings, runways in use, and controllers 
are system parameters and are a function of the site at which the system 
is installed. 

See 3.3.4.2.7 for disabling the automatic track handoff task. 

3f?t4t2Tl.3t2t 13_Timeout Radar Input Processing.- This subtest shall timeout 
the radar processing functions during normal operation. Flags shall be set by 
each radar subprogram upon entry from the executive. System timeout shall 
assess the rate and number of these settings over a given time interval. If 
a sufficient deviation from an expected value is noted, it shall be inter¬ 
preted as an RDAS failure. Accordingly, an alarm shall (RDAS FAIL) be 
signaled as described in table 3-3. 

13.2,14—Check RDAS Alignment.- This subtask checks to see if a mis¬ 
alignment exists between the RDAS and BDAS resulting in a failure to correlate 
radar and beacon reports. It shall accomplish this by examining the current 
number of correlations and beacon reports (maintained by the beacon-radar 
correlation subprogram). If the ratio falls below a threshold (SP), an alarm 
shall be declared and corrective response directed in the manner described 
in 3.3.4.2.4.2.4. 

3_r3»4.2.13.2.15 Re-enable Video Processing.- Some RDAS digitizer interface 
alarms (see 3.3.4.2.4.2.41 shall result in the temporary suspension of radar 
input processing, particularly to the extent that radar reports sha)’ b“ 
withheld from the correlation and tracking functions. This task shall 
determine when a specified number of error-free scans have elapsed since tht 
sensing of such an alarm condition. At that time it shall set flags permit¬ 
ting the resumption of normal video processing, while sending an "all-clear" 
message to the console typewriter. 

ßt3f4T2.13.3_System Timeout Processing Data Base.- System timeout r> quires, 
for the most part, only flags or counters stored by other subprogram. These 
establish a reference point for a timed response by STOP. Otherwise, the 
principal data items (e.g., CATB and CTS) are described in the system data 
base section (3.3.4.2.14). 

3.3.4.2.13.4 System Timeout Parameters.- Table 3-23 contains a summary 
of the System Timeout Parameters (SP) together with their labels and ranges of 
values. 
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TABLE 3*23. SYSTEM TIMEOUT PARAMETERS 

ITEM 

MAPQ 

FPMONQ 

TCFCO 

CNTDNQ 

ACNTQ 

ASQ 

DSQ 

SATQ 

BCNTSQ 

RLINQ 

SATHQ 

DESCRIPTION 

Time, in minutes, allowed for exclusive 
use of mapping function 

Time, in seconds, between monitors of 
CTS flight plan data 

Time, in seconds, allowed for a tabular 
coast track before termination 

Number of scans an FOB in handoff status 
is presented (forced and blinking) on the 
sender's console after acceptance of the 
handoff by the receiving console 

Number of consecutive scans of code match 
for auto acquisition 

Time, in minutes, prior to ETA when a flight 
plan is transferred to store status 

Time, in minutes, prior to PTD when a flight 
plan is transferred to store status 

Percent of track slots used as the criteria 
for the track capacity printout 

Number of scans that an identified uncon¬ 
trolled track readout request is displayed 
before being terminated 

Percent of radar-reinforced beacon targets 
to total beacon targets as the criteria for 
misalignment between the RDAS and BOAS 

Percent of CTS at which transfer of flight 
plans from TS to CTS is stopped 

VALUE RANGE 

0-ltf 

0-2048 

0-2048 

1-5 

0-7 

0-500 

0-500 

0-100 

0-10 

0-100 

0-100 
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3.3.4.2.14 System Data Base.- The following paragraphs describe the data 
base for the entire Augmented RBTL system. 

3.3.4.2.14.1 Radar/Beacon Target Store.- The radar/beacon target store 
contains information on declared radar and beacon targets for use by the 
tracking function. The store is divided into three tables: 

1) Target report store 
2) Sector access store 
3) Sector time store. 

3.3.4.2.14.1.1 Target Report Store.- This store area shall be a revolving 
table containing two words of information on each target declared within 
sixteen consecutive sectors. The number of targets per sector is a function 
of the particular site installation. 

The target report store is illustrated in figure 3-42. 

3.3.4.2.14.1.2 Sector Access Store.- This shall be f 32-word table contain¬ 
ing the target store indexes at which each sector of data begins. The upper 
fifteen bits of each word shall contain the number of target reports in the 
sjctor. 

The sector access store is illustrated in figure 3-43. 

3.3.4.2.14.1.3 Sector Time Store.- This shall be a 32-word table containing 
the time at which the first azimuth word was received at each sector. If 
hardware failure should cause a sector miss, a time shall be generated by 
radar/beacon correlation using the previous sector time as a basis for the 
estimate. See figure 3-44. 

3.3.4.2.14.2 Central Track Store.- The CIS shall be a horizontal table that 
is referenced by track file number. The bit configurations of each word of 
the table are shown in figure 3-45. It should be noted that since any unused 
track file may be used for either a controlled or uncontrolled track, a 
specific word or field within a word may be defined differently for the two 
types of tracks. Where these fields differ, they will be defined appropri¬ 
ately. 

The first nine words of the CTS shall be used for all track file types 
including turning, deviation, and trial tracks. Where applicable, bit fields 
shall be shared; for example, bits 22 through 25 of Word 6 contain the 
count for a parent track and a deviation trial track. 

Basically, the data in CTS shall contain the positional data for an active 
track, such as the predicted range and azimuth in Word 2 and the predicted X 
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3.3.4.2.14.2 (continued) 

and Y in Word 3, all in radar coordinates. In addition, the active track's X 
and Y components of velocity shall be found in Word 4, the time of last 
correlation in Word 3, and the Assigned Beacon Code (ABC) of the active track 
in Word 7, together with its associated turning or turning trial track numbers 
in Words band 7 and its last reported code in Word 9. The remaining bits con¬ 
sist of flags and various sized fields related to a specific track file. 

The size of CTS may be computed as follows: 

15t + 9 l/8t = 15 l/8t 

where 

t = number of tracks in the system. 

This allows for 12.3% of t as the number of trial tracks in the system. 

Associated with CTS shall be three words used as pointers for the threading 
of controlled, uncontrolled, and unused track files, respectively. These 
pointers, together with the next and previous track numbers in the thread as 
maintained in CTS, provide immediate access to the three types of tracks with¬ 
out having to search all of CTS. These threads are maintained by the thread 
update task as described in 3.3.4.2.3.2.3. 

3.3.4.2.14.2.1 Word 1.- Bits 0-4 contain the position number of the controll¬ 
ing position of the used controlled track. This field will be 0 if the track 
is controlled by the ARTCC and is undefined for uncontrolled track. 

Bits 5-9 are defined as follows: 

For store tracks, which were received as flight plans from the ARTCC, 
bits 5-9 contain the prime controller (i.e., that ARTS III controller 
which would normally have been assigned the track based on the flight- 
plan fix/airport data if no CFG keyboard entry had been made). This 
field is used for reassigning store tracks. 

For tracks currently in handoff status, bits 5-9 contain the handoff 
receiver number. 

For tracks recently accepted from handoff status, bits 5-9 contain the 
former (i.e., sender) track controller number. 

Bits 10-14 define the type of track file and the status of the track file. 

in = 00, unused track file: a file available for new data 
= 01, track file used, non-flight plan 
= 10, track file used, flight plan 
= 11, track file terminated (delayed terminate). 
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3.3.4.2.14.2.1 (continued) 

For UT = I : 
A = if, active track file, a general status referring to those lil-'s ( 

presented in an FDB format 
TP =(#, active normal, a file successfully maintaining positional 

association with a target (successfully tracking) 
=01, active coast, a track which failed to correlate with a target 
=10, active handoff coast, an active coast track in handoff to another 

controller (ARTS III or ARTCC) 
=11, illegal 

A = 1, tabular track file 
TP=00, store track, a flight plan file which, because of its ElA/tTU, 

qualifies for presentation in a tabular list 
=01, tabular coast, a file which was in active status but, because 

of extended unsuccessful tracking, was automatically transferred 
from Active Coast to Tabular Coast status 

=10, suspend track, a file whi'h was in active status, but because 
of a keybaord entry, had its tracking suspended 

=11, illegal. 

Bit 15 - subsystem bit 

SY = 0, single radar system, or Subsystem 1 of a dual system 
= 1, Subsystem 2 of a dual system. 

Bits lb-10 are handoff status bits: 
=000, track not in handoff or countdown 
=001, intraradar or interradar countdown 
=010. interfacility countdown, controller - ARTCC - 0 
=011, intrradar or interradar handoff 
=100, interfacility handoff to ARTCC, receiver = ARTCC = 01, 10. 

Bits 19-23 and 24-27 are the ENROOT time field and ENROOT status for flight 
plans, respectively, and are interpreted as follows: 
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3.3.4.2.14.2.1 (continued) 

Bits 26 and 29 are used to implement the Test and Set instruction of the com¬ 
puter for the purpose of allowing o. ? task to reference this track slot in 
specific instances. 

I 

3.3.4.2.14.2.2 Word 2.- Bits ¢-14 contain the track's predicted range, scaled 
+9 in radar nautical miles, with the LSB = 1/512 NM. 

Bit 15 contains the correlation flag, C. 
C = 1, track correlated this scan 

= 0, ti "-k did not correlate this scan. 

Bit 16 contains the flag, IC, to inhibit PUR from attempting correlation on an 
active track that is coasting through an ambiguous situation. 

1C = 1, inhibit correlation 
= ¢, do not inhibit correlation. 

Bits 17-29 contain the predicted azimuth of the track, in BAMS, with bit 28 
representing 180°, i.e., 1/2 BAM. 

3.3.4.2.14.2.3 Word 3.- Bits 0-14 contain the track's predicted X coordinate, 
in one's complement and in radar nautical miles, scaled +8 with the LSB = 
1/256 NM. 

Bits 15-29 contain the track's predicted Y coordinate, in one's complement 
and in radar nautical miles, scaled +8 with the LSB = 1/256 NM. 

3.3.4.2.14.2.4 Word 4.- Bits 0-14 and bits 15-29 contain shared fields. For 
an active track, bits 0-14 and 15-29 contain the track's X fnd Y components 
of velocity, respectively, in NM/second, with bits 13 (for X) and 28 (for Y) 
representing 450 knots. The LSBs (bits 0 and 15) represent approximately 1/20 
of a knot. 

Bits 6-14 and 21-29 contain a flight plan's Exit Fix and Entry Fix, respect¬ 
ively. The Exit Fix is the index to table APT of the destination airport for 
arrivals, coordination fix for departures, and exit fix for overflights. The 
Entry Fix is the index to the table API of the coordination fix for arrivals 
and overflights and departure airport for departures. 

3.3.4.2.14.2.5 Word 5.- Bits 0-17 contain a shared field. If it is actively 
tracked track, i.e.UT = 01, the field represents the time in seconds scaled 
TIO of the last successful correlation. If active tracking has been termin¬ 
ated, i.e., UT = 11, the field (bits 0-14 only) contains a counter for re¬ 
leasing a track file. 

Bits 18-29 contain the 3-digit message number of the last Tl or TA message 
for this track sent to ARTCC. 
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3.3,4.2.14,2.6 Word fe.- Bits 0-9 contain a shared field. If this is a parent 
track, its first associated turning or trial track is stored in this field. 
If this is a turning or trial track, its associated parent track number is 
stored in this field. 

Bit 10 defines the type of trial track. 
DT = 1, deviation trial 

= 0, turning trial. 

Bits 11-12 are spare. 

Bit 13 defines when a track has correlated with a target squawking ident. 
SPI = 1, ident 

= 0, no ident 

Bit 14 defines where a track has correlated with a beacon report whose RBC = 
7600 , 7700 , 3100, or 12¾. 

ER = 1, RBC = 7600/7700/3100/1236 
= 0, RBC ¿ 7600/7700/3100/12¾. 

Bits 15-20 contain the track's firmness, 

Bit 21 contains indication of whether a turning track ras processed in first 
scan. 

TF = 01, was processed in first scan 
= 00, was not processed in first scan. 

Bits 22-25 contain shared counters, TCNT for parent trial track, and TTCNT for 
a turning trial track. 

TTCN'J : Counter for number of successful turning track correlations 
before transferring turning trial track data to associated 
parent track. 

PTCff Counter for number of successive successful correlations 
before a parent trial track becomes a normal track. 

Bits 26-27 contain shared counters representing track class, one for straight- 
line tracks and the other for turning or turning trial tracks. 

TCI = 00, normal track 
= 01, parent track 
- 10, parent trial track 
= 11, not used 

TC2 = 00, right turn track 
= 01. left turning track 
= 10, right turning trial track 
= 11, left turning trial track. 

Bit 28 is a shared flap for initial and turning correlations. 
TC = 1, a turning track created this scan with secondary reports; an 

initial track processed by initial correlation this scan 
TC = 0, not the above turning track; an initial track not processed by 

initial correlation this scan. 
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3.3.4.2.14.2.6 (continued) 

Bit 29 is the predict bit. 
P = 1, track has been predicted this scan 

= 0, track has not been predicted this scan. 

3.3.4.2.14.2.7 Word 7.- Bits 0-9 contain a shared field. If this is a parent 
track with two turning tracks, the second associated turning track number is 
stored in this field. If this is a turning or turning trial track, its 
associated turning track number is stored in this field. 

Bits 10-12 are the track's radar report history field. 

Bit 13 is used to inhibit automatic handoff for this track. 

Bit 14 is spare. 

Bits 15-27 contain a track's ABC. 

Bits 28-29 define the status of a track's beacon code. 
NT = 00, track has ABC 

= 10, track has tentative ABC 
= 10, track has no ABC 
= 11, not used. 

3.3.4.2.14.2.8 Word 8.- Bits 0-1 define the new leader direction. 
Lead = 00, N, NE 

= 01, E, SE 
= 10, S, SW 
= 11, W, NW. 

Bit 2 defines whether a keyboard entry changing the leader direction has been 
made. 

LC = 1, new leader direction. 

Bits 3-4 contain the flags to request a change to the unused CTS track file 
thread. 

VR = 01, delete this track from the thread 
= 10, add this track to the thread. 

Bits 5-6 contain the flags to request a change to the uncontrolled CTS track 
file thread. 

UR = 01, delete this track from the thread 
= 10, add this track to the thread. 

Bits 7-8 contain the flag to request a change to the controlled CTS track file 
thread. 

CR = 01, delete this track from the thread 
= 10, add this track to the thread. 
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3.3.4.2.14.2.8 (continued) 

Bits 9-10 contain the TNP thread change request flags. 
TR = IX, delete track from TNP 

= 01, add track to TNP. 

Bit 11 is spare. 

Bit 12 defines whether a track has established Mode C status through successive 
correlations. 

MS = 1, track has Mode C status 
= 0, track does not have Mode C status. 

Bit 13 defines, via a keyboard entry, whether the indication for display of 
the detection of a 7700 and/or 7600 and/or 3100 and/or 1?% code should be 
inhibited. 

EM = 1, inhibit display of EM and/or KF and/or !!J and/or SA 
= 0, do not inhibit display of EM and/or KF and/or HJ and/or SA. 

Bit 14 defines whether a track should be processed by initial correlation. 
IF = 1, process in initial correlation 

- 0, do not process in initial correlation. 

Bits 15-18 contain the counter for the number of consecutive times a track has 
coasted. This counter is used to determine when the tracks should be automati¬ 
cally put in tabular coast or handoff coast. 

Bits 19-22 contain the arrival/departure status of the track. 
ST ” 0000, overflight or unknown 

0001, unknow arrival 
0010. arrival at radar airport. (LiUl!) for single or Subsystem 1 of a 

dual system 
0011-0110, arrival at non-radar airports VVV.WWW.XXX.YYY 

0111, arrival at radar airport (ZZZ) in Subsystem 2 of a dual system, 
or non-radar airport in single 

1000, not used 
1001, unknown departure 
1010, departure from radar airport (UUU) for single or Subsystem 1 of 

dual system 
1011-1110, departures from non-radar airports VVV,WWW.XXX,YYY 

1111, departure from radar airport (ZZZ) for Subsystem 2 of a dual 
system, or a non-radar airport in single system. 

Bits 23-25 contain the counter of the number of consecutive successful scans 
of code match for a track in store or coast with a discrete ABC. This counter 
will be used to determine when to start actively tracking a track, i.e., change 
it from inactive to active status. 

Bit 26 is the 2nd pass flag used by primary/secondary correlation. 
PS = 1, attempt 2nd pass correlation 

“ 0, do not attempt 2nd pass correlation. 
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3.3.4.2.14.2.8 (continued) 

Bits 27 and 28 are defined as follows: 
FPH (Flight Plan Received) gets set for a ir»ck slot if an interfacility 

flight plan was received for this track, it gets cleared whenever 
this flight plan (store track) becomes active. This bit, when set, 
permits ARTCC to modify this track slot. 

OAQ (Disallow Auto Acquisition) this bit will be set for all interfacility 
arrival flight plans with a t.Hird ARTCC site. It may also be clfeared 
via keyboard entry to allow au’o acquisition for this track. 

Bit 29 defines whether there is coordinate overflow in the dual beacon system. 
C0 = 1, track coordinates are outside the limits of the other subsystem 

= 0, track coordinates are within the limits of the other subsystem. 

3.3.4.2.14.2.9 Word 9.- Bits 0-13 contain fie altitude (in BCD) and the val- 
idity (Vc) of the latest report with which the track correlated. 

Bit 14, if set, indicates no altitude on current scan. 

Bits 15-28 contain the RBC and the validity (Va) of the latest report with 
which the track correlated. 

Bit 29, if set, indicates no RBC on current scan. 

3.3.4.2.14.2.10 Word 10.- Bits 0-9 contain the previous track number in the 
thread. 

Bits 10-19 contain a sliding window which shows on which of the last ten scans 
the track correlated on a beacon target. 

Bits 20-29 contain a sliding window which shows on which of the last ten scans 
the track correlated on a radar target (including a radar reinforced beacon). 

3.3.4.2.14.2.11 Word 11.- Bits 0-9 contain the track number of the next con¬ 
trolled, uncontrolled or unused track file in the thread, dependent upon 
which one of the three (respectively) this track file is in. 

Bit 10 is spare. 

Bit 11 is the Heavy Jet indicator. 
HVY = 1, Heavy 

= 0, Non-heavy. 

Bit 12 is indicator of last correlation on radar or beacon. 
CB = 1, last correlated on radar only report 

= 0, last correlated on beacon report. 
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3.3.4.2.14.2.11 (continued) 

Bit 13 is used to designate that special suspend symbology is to bo displayed 
for this uncontrolled track. 

Bit 14 is used to define thp type of track. 
CT = ¢1, controlled track 

= 1, uncontrolled track. 

Bits 15-24 contain an index to RAT, where all reports found in the trick's 
primary and secondary bins are stored. 

Bits 25-28 contain the number of reports found in the track's bins. 

These two fields, bits 15-24 and bits 25-28, are used in conjunction with the 
RAT table (see 3.3.4.2.9.3.5) to perform the cross referencing task in P/S 
correlation. 

Bit 29 indicates whether the track has been processed by Primary/Secondary 
correlation this scan. 

PL. = 0, not processed 
= 1, processed. 

3.3,4.2.14.2.12 Word 12.- This word is shared for controlled and uncontrolled 
tracks. 

Bits 0-14 contain the ARTCC internal computer identification and are used by 
the interfacility output processor in sending messages to ARTCC for controlled 
tracks. 

Bits 15-29 contain shared fields for controlled tracks. For a store track or 
a flight plan, bits 16-27 contain the estimated time of arrival at the outer 
fix for arrivals and estimated time of departure from the departure airport 
for departures. For tabular coast tracks, bits 16-29 contain the counter to 
flush the track from the system. 

For uncontrolled tracks the fields are as follows: 

Bits 0-19 are used to designate the track as a Single Symbol (SS) on the dis¬ 
plays represented by the bit settings. 

Bits 20-29 contain the associated controlled track number. 

3.3,4.2.14.2.13 Word 13.- Bits 0-19 are used to designate the uncontrolled 
track as a limited data block (LDB) on the displays represented by the bit 
settings. 

Bits 20-29 are spare. 
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3.3.4,2,14.2.14 Word 14.- Bits 0-5 contain shared counters for controlled 
tracks, alphanumeric line identifier for a track in the tabular area, or a 
counter to timeout the blinking display of a handoff just accepted. 

Bits 6-11 are spare. 

Bits 12-29 contain controller entered scratch pad data in II code. 

3.3.4.2.14,3 Console Typewriter Print Request Tables.- The print request 
tables are shown in figure 3-46 and are described below. 

Alarm Print Request Table (POURFT) - contains one word for each type 
of failure print available. A requestor must set the appropriate infor¬ 
mation in the upper half-word. This information will be cleared after 
the request has been serviced. 

Alarm Print Prestored Parameter Table (FALTMT) - contains one word for 
each type of failure print available. The information contained in this 
table is referenced during processing of the applicable print request. 

Console Typewriter Canned Message Table (CTERMT) - contains two words for 
each type of failure print message available. This table is referenced 
by index in the FALTMT table. Each canned message consists of twelve 
5-bit fields containing the least significant 5-bits of the applicable 
ASCII alpha codes. 

Aircraft ID Table (ACIDXT) - consists of two words for each type of 
failure requesting an ACID printout. The two words may contain up to 
seven 6-bit TI codes. Each 6-bit field must contain a character or 
blank TI code. This table is reference by index in the FALTMT table. 

Recording Print Request Table (CALTT) - contains one word for each type 
of recording print request available. A request is made by inserting 
the entering controller's index in bits 4-0. The remaining bits (29-5) 
contain modified ASCII codes for the fixed portion of the print message. 
Bits 4-0 will be cleared after the request has been serviced. 

Recording Print Additional Data Table (ALTLT) - contains additional in¬ 
formation to be stored at the time of the recording print request. This 
table is not cleared after the request has been serviced and a requestor 
must always store new information in all usable fields. 

Requested Print Initiate Table (CFG12T) - is a one word table which 
requires the entering controller's SYMT table index in the applicable 
half-word. The applicable half-word request will be cleared at completion 
of all printouts related to the request. 
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Figure 3-46. Console Typewriter Print Request Tables 
(continued on page 2-256) 
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(Figure 3-46 continued from page 3-255) 
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Figure 3-46 (continued) 
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3.3.4.2.14,4 Display Parameter Tab»>s.- The display parameter tables shall 
contain data pertinent to each keyboard and each display consule in the system. 
The display parameter tables are divided into eight sections: 

1) Type 1, keyboard parameters and flags 
2) Type 2, keyboard identified uncontrolled beacon tracks 
3) Type 3, display console parameters and flags 
4) Type 4, preview data 
5) Type 5, fixed command chain list 
6) Type 6, system data coordinates 
7) Type 7, selected code buffer 
8) Type 8, display information data. 

14t4j.i_ÎJCBë, 4 Tables.- The Type 1 tables contain controller data 
and are indexed by controller number. The QUIKT, SYWT, TABBT, CSBT, PREVT, 
and COUNT tables contain fixed and variable parameter data which must be 
preset. The TBAL1T, PULST, and TBAL2T tables contain transient controller 
data and shall be preset as all zeros. See figure 3-47 for bit configurations 
of each word in the table. 

3.3.4.2.14.4.1.1 CSBT Word.- Bits ¢-6 are zeros 

Bits 7-17 contain the Coast/Suspend X base coordinates, in tabular coordina¬ 
tes, in display radii. The least significant bit is R/1024. Bit 17 contains 
the sign. 

Bit 16 is zero. 

Bits 19-29 contain the Coast/Suspend Y base coordinates, in tabular coordina¬ 
tes, in display radii. The LSB is R/1024. Bit 29 contains the sign. 

3.3.4.2.14.4.1.2 COUNI Word.- 

Bits 0-4 contain the number of lines in the preview area. 

Bits 5-10 contain the character position of the first entered trackball 
period in the preview area. 

Bit 11, when set, indicates supervisory position. 

Bit 12 is used to inhibit automatic handoff of tracks controlled at this 
position. 
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3.3.4.2.14.4.12 (continued) 

Bit 13 is the select/inhibit flag for the tab list display of assigned beacon 
code. 

Bit 14 is the malfunction entered flag: 
1 = F7 entered, not data yet 
(i = either no F7 entered or F7 and alpha entered. 

Bits 15-29 contain indices to the various preview areas figured by the formula 
"controller number minus one times the number of words in TBPRET." 

3.3.4.2.14.4.1.3 OUIKT Word.- 

Bits 0-4 contain the controller number that corresponds to quick look switch 
#5. 

Bits 5-9 contain the controller number that corresponds to quick look switch 
«4. 

Bits 10-14 contal." ’he controller munbcr that corresponds to quick look switch 
»3. 

Bits 15-19 contain the controller number that corresponds to quick look switch 
«2. 

Bits 20-24 contain the controller number that corresponds to quick look switch 
*1. 
Bits 25-29 contain the first controller with which this controller is paired. 

3.3.4.2,14.4.1.4 PREVI Word.- 

Bits 0-5 contain the number of characters in preview area. 

Bits 6-10 contain the current selected function in preview area. 

Bit 11, if equal to 1, indicates multiple function mode. 

Bits 12-14 indicate number of words in readout area. 

Bits 15-20 are not used. 

Bits 21-22 contain the current offset of this controller. 

Bits 23, 24 readout status: 
0 = NO READOUT 
1 = ERROR READOUT 
2 = TRACK ALL DATA READOUT 
3 = DATA READOUT 
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3.3.4.2.14.4.1.4 (continued) 

Bit 25 is not used. 

Bit 26 is radar subsysten (0-1) with which this keyboard is associated in dual 
radar. For single radar it is always zero. 

Bits 27, 28 contain keyboard type status: 
1 = CONTROLLER 
2 = PAIRED POSITION 
3 = MAINTENANCE POSITION 

Bit 29 = ID = 1 inhibit tabular data. 

3.3.4.2.14.4.1.5 PULST Word.- 

Bits 0-14 contain the horizontal changes of the trackball in radar coordinates, 
scaled +8, LSB = 1/256 NM. 

Bits 15-29 contain the vertical changes of the trackball in radar coordinates, 
scaled +8, LSB = 1/256 NM. 

3.3.4.2.14.4.1.6 SYMT Word.- 

Bits 0-4 contain the display number for this controller. 

Bits 5-6 contain the keyboard number for this controller. 

Bits 7-12 contain the FOB symbol of thsi controller. 

Bits 13-14 contain the sequence number of the keyboard (1-3). 

Bits 15-22 contain the track number of the FOB readout of this controller. 

Bits 23-24 contain the current offset of this controller. 

Bits 25-29 contain the second controller with which this controller is paired. 

3t3t4t2t14.t,4tl,,7 TAB8T Word.- 

Bits 0-6 are zeros. 

Bits 7-17 contain the Store X base coordinates, in tabular coodinates, in 
display radii. The least significant bit is R/1024. Bit 17 contains the sign, 
sign. 
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3.3.4.2.14.4.1.7 (continued) 

Bit 18 is zero. 

Bits 19-29 contain the Store Y base coordinates, in tabular coordinates, in 
display radii. The LSB is R/l#24. Bit 29 contains the sign. 

3.3.4.2.14.4.1.8 TBAL1T Word.- 

Bits ¢-10 contain first entered trackball X coordinate, LSB = 1/16 NM. 

Bit 10 contains the ágn. 

Bits 11-14 are not used. 

Bits 15-25 contain first entered trackball Y coordinate, LSB = 1/16 NM. 

Bit 25 contains the sign. 

Bit 26 is the trackball entered bit: 
T1 = 0, NO TRACK BALL ENTERED 
Tl,= 1, AT LEAST ONE TRACKBALL ENTERED. 

Bits 27-29 contain flag to process preview: 
|#=0: PREVIEW AVAILABLE 
PP=1: PROCESS PREVIEW 

PP=2: CLEAR PREVIEW 
PP=3: DISCONNECT KEYBOARD 
PP=4: ILLEGAL CHARACTER ENTERED 
PP=5: INPUT LINE PARITY ERROR 
PP=6: CAPACITY IN PREVIEW AREA 
PP=7: ADD NEW LINE TO PREVIEW AREA. 

3.3.4.2.14.4.1.9 TBAL2T Word.- 

Bits 0-10 contain second entered trackball X coordinated, LSB = 1/16 NM. 

Bit 10 contains the sign. 

Bits 11-14 are not used. 

Bits 15-25 contain second entered trackball Y coordinate, LSB = 1/16 NM. 

Bit 25 contains the sign. 



3.3.4.2.14.4.1.9 (continued) 

Bit 26 is track ball entered bit. 
T2 = 0, second trackball not entered 
T2 = 1, two trackballs entered. 

Bits 27-28 are not used. 

Bit 29 is manually entered data: 
MD = <J: NO MANUALLY ENTERED DATA 
MD = l: MANUALLY ENTERED DATA IN PREVIEW. 

3.3.4,2,14.4.2 Type 2 Table.- The Type 2 table contains keyboard identified 
uncontrolled track LDB requests , one for each controller, requesting an uncon¬ 
trolled track readout (via the BCN with trackball entry). The table consists 
of one word containing the uncontrolled track number together with other 
fields described in figure 3-48. 

3.3,4.2.14.4.3 Type 3 Table.- The Type 3 table shown in figure 3-49 is a 
vertical table containing display console data. The first five words contain 
parameter data common to all keyboards on that console. The upper and lower 
altitude readout limits (bits 15-26 of words three and four) are in BCD and 
are used for altitude filtering of uncontrolled beacon tracks. 

The upper and lower X, Y filter limits, bits 4-14 of Words 1, 2, 3, and 4 
(LSB = 1/16 NM.), define the area of radar coverage on the display and are 
used to filter active track single symbols and uncontrolled track symbology. 

The channel number, bits 15-18, is the IOP I/O channel number of the display 
console. 

The index to the fixed chain, bits 19-29 of Word 1, is used to determine the 
start of the console's fixeci chain list in the Type 5 Display Table. 

The leader length, bits 23*27 of Word 2, is used to determine the position 
of a track FDB op the display. 

The initial TCLT index, bits 0-17 of Word 5, is the 18 bit address of the 
start of the track chain list when it was last packed for this console. Bits 
18-29 of Word 5 contains the remaining available write time, in micro-seconds 
scaledH-3, after the system data has been packed for this consale. 

The other fields in Word 1-5 are described as follows: 

SY = radar subsystem (0-1) with which this console is associated in a 
dual system. For single, it is always 0. 

CL = 1, CL1 = 1: repack complete FCLT from system data on, for thi» con¬ 
sole. 
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Figure 3-48. Type 2: Keyboard Identified Targets 

3-263 



„pmiHiiiPifiR 

29 23 2tI 26 25I24I22 22 121120 I9I lo| 17 |i<) |lf> X4|l3|l2|ll|l*|9|8|l|6 5|4 3 LI* 0 

Index to FCL Iftumfier^ X-Upper Filter Limit l/k» 5Y 

CL IR reader Length ans cu cam -t Y-Upper Filter Limit l/lí RS DS KBS 

TS MS NS Upper Altitude Readout Limit + X-Lower Filter Limit 1/U CO FY 

ID OD AO Lower Altitude Readout Limit + Y-Lower Filter Limit l/u -1 

AW after System Data Initial TCLT Index 

R 32 Range OC Off-center Y Off-center X 

Quick Look TB Change Y TB Change X C/F Data/Function 1 

Quick Look T TB Change Y TB Change X C/F 

cTf 

Dala/Function 1 0 

Quick Look T TB Change Y TB Change X Data/Function 1 1 

KFW 

BCW Input froa Display 

IOSTOP W/Monitor 

Status Word 1 

Status Word 2 

Input Word 1 

Input Word 2 

Input Word 3 

Input Word 4 

3-264 



3.3.4.2.14.4.3 (continued) 

CL = 1, CLl = 0: repack FCLT from readout/preview area on (not including 
system data). 

cl=2: ä! = £}do "°i repack fclt- 
IR = 1: do not inhibit memory readout for this console. 

= 0: inhibit memory readout for this console. 
ANS = alphanumeric Size (0-3) - preset parameter for each display. 
CONTI = first controller number (index to Type 1 Display Table) associ¬ 

ated with this console. 
KBS = number of controllers associated with this console. 
TS = 1: inhibit display of tracked single symbols. 

= 0: do not inhibit display of single symbols. 
MS = 1: inhibit display of Mode C single symbols. 

= 0: do not inhibit display of Mode C single symbols. 
NS = 1: inhibit display of non-Mode C single symbols. 

= 0: do not inhibit display of non-Mode C single symbols. 
TY = 1: staggered PRF radar subsystem. 

= 0: non-staggered PRI radar subsystem. 
TO = 1: do not reinitiate the input and output chain for this console. 

= 0: reinitiate the input and output chain for this console. 
OD = 1: FDB formats offset 45° (i.e., NE, NW, SE, SW). 

= 0: FDB formats offset N, S, E, W. 
AO = 1: inhibit auto-offset. 

= 0: do not inhibit auto-offset. 
PS = IOP devict -umber with which this console is associated. 
US = 1: system dat end in smaller DT (staggered PRF). 

- 0: system data ended in larger DT. 
RS = 1: inhibit display of radar only single symbols. 

= 0: do not inhibit display of radar only single symbols. 
CO = 1: mapping control. 

= 0: inhibit mapping control. 

The next four words (Words 6-9) contain the last correctly received input data 
words from the display console. These words are used for comparison purposes, 
to determine whether the next console input buffer contains any changes. 
Word 6 also contains the console's current values of range (LSB=1 NM.) and 
off-centered Y and X. 

The final nine words (words 10-18) are used in communication with the display 
console. Words 10-12 are the display's input chain, Words 13-14 are used for 
storage of status words received from the console, and Words 15-18 are used as 
the input buffer for data from the console. 

Word 10 is an external function, sent with force, to terminate radar interrupts 
from the display. 
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3.3.4.2.14.4.3 (continued) 

Word 11 is the Buffer Control Word (BCW) instruction which initiates input 
buffer in the IOP. 

Word 12 is an 10ST0P instruction, with monitor, to terminate the input chain 
and create an internal interrupt to the IOP when the chain is completed. 

3.3.4.2.14.4.4 Type 4 Tables.- The Type 4 table shown in figure 3-50 contains 
the controller's current trackball, readout, and preview data. 

Words 1 and 2 contain a single symbol A-word and B-word for the controller's 
trackball. The B-word contains the current Y, X position of the trackball 
with bits 0-5 containing the controller's position symbol as the trackball 
symbol or a space when the trackball is in the homed position. 

Words 3 and 4 contain a tabular A-word and B-word for the controller's readout 
and preview area. The B-word contains the current location, in display 
coordinates, of the controller's readout/preview area. 

Words 5-11 are C-words used for displaying data in the controller's two-line 
readout area immediately preceding the preview area. The readout area, in 
addition to being a maximum of two lines, will contain a maximum of 32 data 
characters. If no data is being displayed in the readout area, Word 5 will 
contain two LF/CRs to position the following output data at the beginning of 
the preview area. 

Words 12-10 are C-words used for displaying data in the controller's preview 
area. As a character/function is entered at the controller's keyboard, the 
character(s) will be placed in the next available character position (P1-P32) 
and output to the display. A maximum of 32 data/control characters will be 
allowed from the keyboard. 

3.3.4.2.14.4.5 Type 5 Tables.- The Type 5 tables as shown in figure 3-51 
contains the fixed command output chains which are executed as IOP background 
programs (each display channel has its own chain). 

Word 1 is a jump to the TCL. 

Word 2 is an I/O clear of a flag associated with this display which is used 
as a check to insure that output is progressing on this channel, i.e., for 
this display. 

Word 3 chains out the system data display A and B-words from the Type 6 
display table. 
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2912fl|27126 |25 |24 |23 122121120 119| 18 |l7116 15 |l4 J 13| 12I 111 10| 9 1 8 J 7 |0 1 
A-Word Trackball 

B-Word Trackball j Symbol/Space 

A-Word Preview 

B-Word Preview fad_ 

R1 R2 R3 R4 K5 

R6 R7 R0 R9 R10 

Rll R12 R13 R14 R15 

R16 LC/CR R17 Rió R19 

R20 R21 R22 R23 R24 

R25 R26 R27 R2Ü R29 

R30 R31 R32 LF/CR Pad 

PI P2 P3 P4 P5 

P6 P7 P» P9 P10 

Pll P12 pk; P14 P15 

P16 P17 P18 P19 P20 

P2l P22 P23 P24 P25 

P26 P27 P20 P29 p:î0 

P31 P32 Space Space Space 

V 9 

”1 A-Word Irackball 

B-Word Trackball Symbol 

~J A-Word Preview t 

B-W ord Preview Pad 

R1 R2 R3 R4 R5 

R6 R7 RH R9 R 10 

\ f 

1 P31 P32 Space Space Space 

Figure 3-50. Type 4: Preview Data (One per Controller) 
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! WORD 
CHAIN COMMAND J 

[ 1 lOJ 

2 IOCL 

3 BCW 

i 4 BCW 

5 BCW 

6 BCW 

7 BCW 

1 8 BCW 

9 BCW/IONOOP 

10 BCW/IONOOP 

11 BCW/IONOOP 

12 BCW/IONOOP 

13 BCW/IONOOP 

14 BCW/IONOOP 

15 BCW/IONOOP 

16 BCW/IONOOP 

17 BCW/IONOOP 

18 BCW/IONOOP 

19 BCW/IONOOP 

20 BCW/IONOOP 

21 BCW/IONOOP 

22 BCW/IONOOP 

23 BCW/IONOOP 

24 BCW/IONOOP 

25 BCW/IONOOP 

26 BCW 

27 BCW/IONOOP 

28 BCW/IONOOP 

29 BCW/IONOOP 

30 BCW/IONOOP 

31 BCW 

32 BCW/IONOOP 

Track Data j 

FLAGZT (for this display) 

System Data A and B words j 

Time and Altimeter Setting 

Selected Codes | 

EM/RF 

HJ 

SA 

Memory Readout 

SEP Code 1 

Memory Readout 

SEP Code I 

Memory Readout 

SEP Code 

Memory Readout 

SEP Code 

Memory Readout 1 

SEP Code 1 

Memory Readout J 

SEP Code 

Memory Readout 

SEP Code 

Memory Readout I 
SEP Code 

Memory Readout I 

Trackball and Readout *1 i 

SEP Code 

Readout *1 

SEP Code 

Readout *1 

Preview *1 

SEP Code 

Figure 3-51. Type 5: Fixed Command Chain List (One per Display) 

(continued on page 3-269) 
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(Figure 3>51 continued from page 3-266) 

WORD 

33 BCW/IONOOP 

34 BCW/IONOOP 

35 BCW/IONOOP 

36 BCW 

37 BCW/IONOOP 

38 BCW/IONOOP 

39 BCW/IONOOP 

40 BCW/IONOOP 

41 BCW 

42 BCW/IONOOP 

43 BCW/IONOOP 

44 BCW/IONOOP 

45 BCW/IONOOP 

46 BCW 

47 BCW/IONOOP 

48 BCW/IONOOP 

49 BCW/IONOOP 

50 BCW/IONOOP 

51 BCW 

52 BCW/IONOOP 

53 BCW/IONOOP 

54 BCW/IONOOP 

55 BCW/IONOOP 

56 BCW/IONOOP 

57 IOJ 

CHAIN COMMAND 

Preview *1 

SEP Code 

Preview *1 

Trackball and Readout *2 

l. h 
SEP Code 

Readout *2 

SEP Code 

Readout #2 

Preview *2 

SEP Code 

Preview *2 

SEP Code 

Preview *2 

Trackball and Readout #3 

SEP Code 

Readout *3 

SEP Code 

Readout »3 

Preview »3 

SEP Code 

Preview *3 

SEP Code 

Preview *3 

Var. buffer (for staggered PRF) 

Word 1 
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3.3.4.2.14.4.5 (continued) 

Word 4 chains out the time and altimeter setting display characters from an 
area common to all displays. 

Word 5 chains out the selected codes from the Type 7 display table. 

Words 6-8 chain out the EM-RF-HJ-SA characters from one of two common areas 
as a function of the display's radar subsystem. 

Words 9-25 chain out the memory readouts ( maximum of ten per system) from the 
memory readout buffer, together with the appropriate SEP codes used when all 
the data cannot be output in the same alphanumeric display time. 

Words 26-55 chain out the trackball, readout, and preview areas from the 
Type 4 display table of all keyboards (maximum of three) associated with the 
display. There are ten BCWs required per keyboard which include provision for 
the appropriate SEP codes used when all of the readout and/or preview data 
cannot be output in the same alphanumeric display time. 

Word 56 is used in a staggered PRF mode to buffer out a variable (by site) 
length buffer to insure that the TCL begins with a complete, large dead time. 
Word 56 does not appear in a non-staggered PRF mode. 

Word 57 contains a jump back to the beginning of the display's fixed chain 
list to restart the chain. 

3i3f4f2*l4f4f6—Type 6 Table.- The Type 6 table, as shown in figure 3-52, 
contains the display’s A and B-words for the system data display area. The 
format control word is a tabular, "do not process" (DNP) A-word containing the 
memory end, bit 16 = 1, for each refresh cycle. 

The B-word contains the tabular Y, X cooroinates for the location of the 
display's system data display area. 

_Type 7 Table.- The Type 7 table, as shown in figure 3-53, is 
the display s output buffer containing the selected code (a maximum of ten 
per display) display characters. For example, bits 24-29 and bits 18-23 of 
Word 1 contain numeric display characters, i.e., 01, which represent code 
block 9190-0177. One extra word is provided in the buffer for the storing of a 
separation (SEP) code to be used when all data in the table cannot be output in 
the same alphanumeric display time. 
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•K \ â 7 14 4.A Tvoe B Tables.- The Type 8 tables coataia display iaformatioa 
and'are indexed ffdlspUy. Ih. DlflüT end ICINH teble. cont.i. fix«l d... 
Sich"»« bfpreset. Ihe CRTYXT .»d FUGZT tables co.t.i» traasient data and 
sîaîî S írSet". all »eres. Se. fi.er. 3-54 fer bit co.flg»r.tlo.. ef each 
word of the table. 

^^49 14 481 CRTYXT Word.- Bits 0-14 contaia the product of the curreat 
range * and^ the currentoif-center of the X coordia.te, complemented, scaled 
+4.8 Bits 15-29 contain the product of the current range and the current off- 
center of the Y coordinate, complemented, scaled +4. 

3-3.4.2.14.4.8.2 DINDT Word.- 

Bits 0-14 contain the product of the number of words in DCOOT and the display 
number minus one. 

Bits 15-20 contain the minimum range, in NM (LSB = 1 Ni), at which radar only 
single symbols are displayed. 

Bits 21-29 are not used. 

3-3-4.2.14.4.8.3 FLAGZI Word.- 

Bits 0-8 are not used. 

Bits 9-11 represent the number of times a display's input is allowed to come 
in (one word at a time) before output progression is checked. 

Bits 12-13 are not used. 

Bit 14 is the radar interrupt flag: 
0 = NO RADAR INTERRUPT 
1 = RADAR INTERRUPT. 

Bits 15-26 are not used. 

Bit 27 is the synchronous flag: _ 
0 = LAST INPUT BUFFER IN SYNCWtONOUS ORDER 
1 = » AST INPUT BUFFER OUT OF SYNCHIONOUS ORDER. 

Bit 28-29 represent output progression flag: if cleared, output has completed 

3T3.4.2.14.4.8.4 INCINZT Word.- This table is a set of instruction*: 

ICIN DiQ*/-7, DCONT+10, B6, S2. 

This table is referenced only by an XR (Executive Remote) instruction to 
initiate chain input. 

.... .. ., • ., ,. ». 
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3.3.4.2.14.5 Configuration Tables (COtflG).- Determination of a controller 
to handle a track shall be done via an airport/fix table (APT) as shown 
below: 

APT 

29_1817_12 11_65_¿ 

a X X X 

a Y Y Y 

0 Z Z Z 

0 A1 A2 A3 

The characters for the airports and fixes in the APT table are in display 
output code. 

The airports will be the first entries in the table followed by the fixes. 
Each airport and fix will have associated with it a binary number which will 
equal the index of this table, e.g., airport YYY would equal two. This 
arrangement will insure that no fix and airport have the same index. Bit 29 
set will indicate the end of the table. 

ADGFGT 

29_18 17_£ 

+CFG1T (Address) 

+CFG2T (Address) 

¡ +CFGÍT (Address) 
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. .r^r^ ^pr ^^1 

3.3.4.2.14.5 (continued) 

The ADGFGT table contains the addresses of the one or more configuration tables 
where i = 1-5. 

There may be up to 5 configuration tables in IOP memory. Only one table will 
be selected at any given time. The length of each table will depend on the 
number of entries required for all entry/exit fix combinations. Each entry 
will occupy one table word and have the following format: 

29 28 27 22 21 16 15 12 11 10 9 5 4 

CFGiT 0 B EF1 EF2 ST C s PC AC 

± B EF1 EF2 ST c s PC AC 

1 Í 

where B = 0 for Subsystem 1 j subsystem of active controller 
= 1 for Subsystem 

EF1 = entry fix index 
EF2 = exit fix index 
ST = arrival/departure/overflight status 

= status compare flag 
= spare 
= primary controller 
= active controller 

C 
S 
PC 
AC 

These tables will be constructed as follows: 

All departures from a specific airport are grouped by primary controller. 
That group which contains the greatest number of entries will appear as one 
entry at the end of the table with a zero for the exit fix. All other entry/ 
exit fix combinations for this airport will appear as individual entries at 
the front of the table. The same is done for each airport for departures. 

The same method is used for arrivals, except that the airport would appear in 
the exit fix field. 

3-275 

I 

I 

M
L

U
J
U
 
.
.

.
 

' 
.
 

-
■ 

~
 

I 
.H

IP
J
.I 

„
M

L
l.u

, 
«
... 



3.3.4.2.14.5 (continued) 

Overflights are now grouped by entry fix by controller. That group for each 
entry fix which contains the greatest number of entries is a candidate as one 
entry at the end of the table. The rest of the entries become candidates for 
individual entries at the front portion of the table. The same grouping is 
now done by exit fix. The method which yields the fewest number of entries in 
the table is selected. Thus the overflight entries at the end of the table may 
have a zero in either the entry fix or exit fix. 

3.3.4.2.14.6 Common Active Track Buffer (CATB).- The CATB shall contain the 
active FOB formats for all track files. Five words shall be reserved for oach 
track. The five-word block shall contain the display control word (A word), 
the coordinate and symbol word (B word), and three C words. The C words shall 
normally contain ACID, altitude, and speed. 

The five-word block shall be initialized upon initiation of a new track file - 
keyboard messages Track Start or Flight Data Entry, or ARTCC flight plan 
message. Various subprograms shall update the CATS data. Tracking shall up¬ 
date the coordinate word (reported beacon/radar X, Y coordinates), the altitude, 
and the speed once per radar scan. Keyboard input processing shall adjust CATB 
data in response to various keyboard messages. Automatic offset shall modify 
format offset (contained in the A word) and may modify the left/right justifi¬ 
cation of the ACID for the offset change. 

The display output Chain Preparation Subprogram (CPS) shall use the CTS and the 
display parameter tables to determine the display or displays (if any) to which 
the FDB format is to be transferred. The display output chain shall contain 
BCDW words which transfer FDBs directly from the CATB. For those tracks which 
are to be presented as single symbols or for tabular status tracks, the CATB 
data shall be transferred to another area for buffering to the displays. 

The CATB is shown in figure 3-55. 

3.3.4.2.14.7 Selected Code Table (SCT).- The SCT (figure 3-56) shall be a 
64-word table which contains all the selected beacon code readout requests 
of the display console. The primary purpose of the table shall be to minimize 
the time required in checking uncontrolled beacon tracks for selected code 
readouts. The SCT table shall be updated by the BCN operational multifunction 
whenever a selected code readout is requested/inhibited. It shall also be use^l 
to reformat the system data display buffer of selected codes whenever a select¬ 
ed code readout is requested/inhibited. 

3.3.4.2.14.8 Tabular Track Index (TTI).- The TTI table (figure 3-57) shall be 
a 36-word table used as a reference to obtain an unused tabular line ID (an 
alphanumeric). Whenever a tabular line ID is assigned to a track, a bit is set 
in the table indicating that that tabular line ID is being used. Whenever a 
tabular line ID is de-assigned from a track, the corresponding bit in the TTI 
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Mord 1 

64 

Word number N corresponds to beacon code N-l, i.e. Word 5 corresponds 
to beacon codes 04W to (¿477 inclusive, that is all discrete and non¬ 
discrete code 04s. 

In each word, bit 1 corresponds to display number i+1 (i.e., bit 2 
corresponds to display number 3). 

Figure 3-36. Selected Code Table 
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Nord 1 

2 

3 

4 

5 

6 

7 

8 

9 

11 

12 

35 

36 

Each word of TTI corresponds to a particular tabular line ID, and 
each of the 3Û bits in the word corresponds to a particular key¬ 
board. (For example, if keyboard *2 is assigned tabular line ID 
"B" for a track, then Word 12 bit 1 would be set. 

Figure 3-57. Tabular Track Index Table 

3-279 

■aMa .1. aHlÉÉtfiáMMaiiÉiaiutt. 



3.3.4.2.14.8 (continued) 

table shall be cleared. The following tasks use the TTI table: 

1) Assign a track file to store status. 
2) Assign a store track to FP status. 
3) Initiate active tracking on a tabular track. 
4) Terminate a tabular track. 
5) Suspend an active track. 
6) Assign a coast traen to tabular coast status. 

3.3.4.2.14.9 Track Number Pointer Table (TNP).- The TNP shall be a threaded 
table which, together with its associated ÏSSS, shall be used to d**®rmi"e 
what and how many track file numbers are in a particular sector. TNP and TSbb 
are shown in figure 3-58. 

TNP is ordered by track number, and, for each entry, there shall be a field 
containing the next track number in that sector, a field containing the sector 
number, and a field containing the previous track in the sector. 

TSSS shall be a 32-word table ordered by sector number. Each entry contains 
the start track for that sector and the total number of tracks in the sector. 

When a new track is added to a sector and there is not currently a start track 
for that sector, the new track shall be stored as a start track in TSSS, the 
track count in TSSS shall be incremented, and the sector number of the new 
track shall be stored in TNP. If there is currently a start track for that 
sector, the above still applies, but, in addition, the current start track shall 
be stored in the next track field of the new track in TNP, and the new track 
shall be stored in the previous tr?xk field of the current start track in TNP. 

When a track is deleted from a sector and there is no previous track or next 
track, a bit shall be set in TSSS to show there are no tracks in the sector. 
If the deleted track has no previous track but has a next track, the next 
track shall be stored as the start track of the sector in TSSS, and the pre¬ 
vious track field of the former start track shall be cancelled. If the track 
being deleted has a previous track but no next track, the next track field 
of the previous track and the previous track field shall be cancelled, and 
next track field of the deleted track shall also be cancelled. If the track 
being deleted has both a previous track and a next track, the next 
track shall be stored in the next track field of the previous track, 
the previous track shall be stored in the previous track field of the next 
track, and the previous track field and next track field of the deleted track 
shall be cancelled. In all of the above cases, when deleting a track from a 
sector, the track count in TSSS for that sector shall be decremented. 

The size of TNP is t, where t is the number of tracks in the system. 
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3.3.4.2.14.10 Temporary Flight Plan Store (IS).- The TS shall be an horizon¬ 
tal table which shall be used to contain flipht plan data prior to transfer to 
the CTS. Each flight plan shall require 3 words. The TS shall provide for the 
storage of T flight plans, where T is a site parameter representing the number 
of flight plan files required. Thus, the TS shall require 3T words. The TS 
format is shown in figure 3-59. 

3.3.4.2.14.11 VFR/1FR Code Table (VICODT).- The VICOUT shall contain the VFR 
and IFR beacon codes available for program assignment and an used/unused bit 
for each code. The VICODT format is shown in figure 3-60. 

3.3.4.2.14.12 Time, Altimeter Setting and AT1S/GS1 (TAST).- The TAST shall be 
a six word vertical table containing the system time (in hours, minutes, and 
seconds), the altimeter setting (in inches of mercury), the Automatic Terminal 
Information Service (ATIS), (one alpha character), and General Systems Infor¬ 
mation (GSI) (e. g., runway is use, up to 13 alphanumeric characters with a 
space as the only allowable special character. The TAST is buffered out to 
each display and is shown ir igure 3-61. 

3.3.4.2.14.13 Emerqencv/Radio Failure (EMRFT), Hiiack (HJT) and Suspect Air¬ 
craft (SAT).- The EMRFT, HJT and SAT are each one word tables (per radar sub¬ 
system) containing any or all of the EM (7700 code), RF(7600 code), HJ (3100 
code), and SA (1236 code) if the applicable codes have been detected, which 
are buffered out to each display. The tables are shown in figure 3-62. 

3.3.4.2.14.14 Memory Readout (ERMAT).- The ERMAT shall consist of ten blocks 
of four words per block. Each block shall be a complete line of memory read¬ 
out and shall be composed of an LF/CR, six address characters, two space 
characters, five contents characters (most significant), one space character, 
and five contents characters (least significant), all in TI code. The ERMAT is 
shown in figure 3-63. 

3,3.4.2.14.15 Beacon Report Store (REPRiT).- The beacon report store (one for 
each radar subsystem) shall consist of an NREPiQ - word vertical table. Each 
tabular item shall represent a two-word beacon report formatted as shown in 
figure 3-64. Reports are stored in a circular fashion by the beacon input 
processor, which maintains an index to the next available storage location for 
that purpose. Periodically, reports are retrieved by the correlation subprogram, 
after which their storage location shall be available for new reports as they 
are generated. 

The length of the beacon report store shall be sufficient to hold the maximum 
of NREPiV/2 (SP) reports produced during a single correlation cycle (nominally, 
62.5 ms, which corresponds approximately to 5.6° of antenna rotation). 

Data contained within one beacon report consists of azimuth and range of target 
center, altitude of target (if known), emergency and radio failure indicators, 
special position and weak target indicators, e/A code, and e/A or C code validity. 
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Nord 1 

NORD m 
WORD n 

A IFR Code 1 A vra cod« 1 

A IFR Code 2 A Vf» cm« î- 

A IFR Code 3 A VFR Code 3 

, 1 : 
IFR Code n 

1 
VFR Code m | 
VFR Code n 1 

A = 0, if the code is available 
= 1, if the code is not available 

n and m are site parameters for the number of IFR and 
VFR codes, respectively. 

Figure 3-60. VFR/IFR Code Table 
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HI H2 Virgule Ml M2 

Virgule SI S2 Space Al 

A2 Period A3 A4 LF/CR 

aus GSI1 GSI 2 GSI 3 GSI4 

GSI S GSI6 GSI 7 GSI8 GSI 9 

GSI 10 GSI 11 GS112 GSI 13 LF/CR 

Figure 3-61. Time, Altimeter Setting, and ATIS/GSI (TAST) 

Space/E Space/M Space Space/R Space/F 

Ignore ignore Space Space/H Space/J 

Ignore Ignore Space Space/S Space/A 

Figure 3-62. EM/RF (EMRFT), HJ(HJT), SA(SAT) 

LF/CR Al A2 A3 A4 

AS A6 Space Space Cl 

C2 C3 C4 CS Space 

C6 C7 C8 C9 CIO 

Figure 3-63. Memory Readout (ERMAT) 
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3.3.4.2.14.16 Track Present Map (TPWT).- The track present map is a 120-word 
vertical table which is maintained by tracking for the purpose of beacon tar¬ 
get detection enhancement. Bits will be set to one to indicate a region con¬ 
taining the predicted position of an active track. The aggregate of ones amidst 
the zeroes in the map depict an image of all the tracks in the system. 

Each bit shall correspond to a 2 NM X 32 ACP zone (annular sector): bit k of 
word j represents the zone bounded in azimuth by 2j and 2(j+l) ACPs, and in 
range by 2k to 2(k+l) nautical miles, (J = 1.29; k = 0, .... 127). Each 
word therefore, represents an entire 32 ACP sector extending in range from 0 
to 60 nautical miles. 

The TPMT is shown in figure 3-65. 

3,3,4.2.14.17 Radar Report Store (RRS1T).- The radar report store shall con¬ 
sist of an RRPTQ - word vertical table. Eich tabular item shall represent a 
one-word radar report, formatted as shown in figure 3-66. Reports are stored 
in circular fashion by the radar input processor, which employs push/pull para¬ 
meters to identify the active table segment and, consequently, the address 
to the next available storage location. When storing reports, the radar input 
processor (specifically, report finalization) shall assure that the reports 
currently contained within the active segment are ordered according to range. 
I.e., BAP (the Bottom Address Pointer) is the address of the report with least 
range. 

The length of the radar report store shall be sufficient to hold the maximum 
of RRPTQ reports produced during a single beacon/radar correlation cycle 
(nominally, 62.5 ms, which corresponds approximately to 5.6° of antenna rota¬ 
tion). 

Data contained within one radar report consists of the azimuth and range of 
the target center, an assignment of report quality, and a report hold count. 
The latter is used by correlation to hold until the next cycle the radar 
report which is near a cycle boundary. This will prevent a failure to corre¬ 
late a beacon and radar report (if they are indeed correlatives) in the case 
where each is declared in a different cycle. 

3.3.4.2.14,16 Radar Detection Mao (RDM!).- The radar detection map is a 128- 
word vertical table which is maintained by tracking for the purpose of enhanc¬ 
ing radar target detection. The structure and bit significance of the RDWT 
is identical to the track present map (3.3.4.2.4.16). The RDMT is shown in 
figure 3-67. 

3.3,4,2.15 Magnetic Tape Flight Plan Input.- 

3.3.4.2.15.1 General Requirements.- The input of flight plan information from 
magnetic tape shall provide automatic initiation and controller assignment of 
prestored (schedule) aircraft. The FP input capability shall be an independent 
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128 Words 
(32 ACPs/ 

Word) 
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Enhancement 
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(Each bit represents one 2 NW X 32 RCP none; each word 
represents one 60 NM X 32 ACP sector*) 

Figure 3-65. Track Present Map (TPIfT) 
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Increasing Range1 
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(Each bit represents one 2 NM X 32 ACP zone; each word represents 
one 60 NM X 32 ACP sector). 

Figure 3-67. Radar Detection Map (RDffT) 
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3.3.4.2.15.1 (continued) 

operational function with on-line operator control, i.e., a keyboard message 
shall be provided to select or inhibit the input function, and the magnetic 
tape input may be used with interfacility (ARTCC) communication. When used 
with ARTCC communication, the magnetic tape FP information shall consist of 
scheduled aircraft whose flight plans are not received from the ARTCC. 

The FP data shall be prestored on magnetic take in time-ordered sequence. The 
data shall be taken from the tape and, after a proper validation of the data 
is made, shall be formatted and placed in the Temporary Flight Plan Store 
(TS) area (see 3.3.4.2.14.10). The validation checks consist of the following: 

• The FP time must be within 4 (SP) hours of the current time and 
the day code must be the same as the current day. If the FP is 
not valid for the present day, it is discarded. 

• The FP sequence number must be in order. If it is not, an WT DATA 
LOSS printout is requested, and the sequence number is resynched. 

• The FP's seven character ACID must pass the following checks: 

1) The number of non-blank characters must be greater than one. 
2) Character 1 must be an alpha. 
3) Character 2 must be a numeric if the remaining five characters 

are blanks. 
4) Once a blank is found, the remaining characters must be blanks. 
5) If there are exactly three non-blanks characters, the characters 

cannot be "ALL”. 

Any error in the ACID shall result in an MT FORMAT print request, and 
the FP shall be discarded. 

• The three character entry and exit fixes must be valid; one of the 
fixes may be all blanks. An illegal fix shall result in an MT FORMAT 
print request, and the FP shall be discarded. 

An FP shall be transferred from TS to the Central Track Store (CTS) when the 
following criteria are satisfied: 

• For departure flight plans, the time is within 6 (SP) minutes of the 
current time. 

e For arrival flight plans, the time is within 16 (SP) minutes of the 
current time. 

• The CTS is not at 90% (SP) capacity. 

• The FP's discrete beacon code is ^ot duplicate with the assigned 
beacon code of any non-FP track in CTS. 
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3.3.4.2.IS.1 (continued) 

• The FP's ACID is not duplicate Nith the ACID of any non-FP track 
in CIS. 

• The FP's entry and exit fixes constitute a legal fix pair. 

A duplicate beacon code, ACID or illegal fix pair shall result in one of the 
following print requests: 

DUP BCN 
MT DUP ID 
NT FORMAT, 

and the FP shall be discarded. 

The magnetic tape performance shall be monitored, and the program shall provide 
error recovery and MT FAILURE print requests when the following failure 
conditions are detected. 

e A backspace command is given at the beginning of tape. 

a A forward command is given at the end of tape. 

a Any tape command is given when the tape unit is not in the auto 
condition. 

a The read function resulted in an improper condition or IOP parity 
error. 

3.3.4.2.15.2 Magnetic Tape Flight Plan Input Pesian.- The on-line operational 
FP input function shall be performed by one executive controlled subprogram 
and one MT channel interrupt routine. 

3.3.4.2.15.2.1 Magnetic Tape Input Interrupt Routine.- The interrupt routine 
will be referenced upon completion of each operation. If a read was success¬ 
fully completed, the busy flag will be cleared and the input data will be left 
for subsequent processing by the executive subprogram. If unsuccessful, re¬ 
covery procedures (up to 3-system parameter-attempts) will be initiated. If 
recovery is unsuccessful, an alarm printout (MT DATA LOSS) will be requested, 
and the next FP shall be read. 

3^3,4.2,15.2,2 Magnetic Tape Input Executive Subprogram.- This subprogram 
shall be referenced once every twelve seconds. Because the MT function is 
controlled on-line, an on-line preset shall be provided; i.e., until the 
SELECTED flag is set, all FPs shall be discarded until the ETA/PTD is greater 
than or equal to the time specified in the MT selection (see 3.3.4.2.7). After 
preset, this subprogram will store new FP data in the TS and search the TS for 
any FP meeting the criteria for transfer to the CTS. If any FP meets the 
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3.3.4.2.15.2.2 (continued) 

criteria, a common subroutine shall be referenced to initiate the track file. 
If an initiate is performed, the IS search shall be aborted to avoid excessive 
processing time. Checks shall be made for unsuccessful initiates because of 
the FP data, and an appropriate alarm printout shall be requested. When a TS 
slot is available and the KTU is not busy, input of the next FP file will be 
initiated. 

3.3.4.2.15.3 Magnetic Tape Flight Plan Input Data Base.- The operational 
FP input function shall require one 12>word magnetic tape input buffer operat* 
ing in half word mode to handle each 13 character FP. Figure 3-68 shows the 
character format. V 

3.3.4.2.15.4 Magnetic Tape Flight Plan Input Parameters.- Table 3-24 contains 
a summary of the magnetic tape flight plan input parameters (SP) together 
with their labels and ranges of values. f 

3.3.4.2.16 Data Base Utilization Summary.- Table 3-25 summarizes the 
relationship between the operational subprograms and the major tables and 
buffers. 

3.3.4.2,17 Program Storage and Timing Estimates.- The following paragraphs 
describe the storage and timing estimates for the Augmented Tracking Level 
system. 

3,3.4,2.17.1 Memory Requirements.- Table 3-26 shows the storage estimates for 
the Augmented Tracking Level subprograms and subroutines. Table 3-27 shows the 
memory estimates for the data base, including all tables and buffers. In many 
cases, the size of these areas shall be determined according to the expected 
data load (number of beacons, track, displays, etc.) and/or the equipment con¬ 
figuration. 

3.3.4.2,17.2 Program Timing Estimates.- The Augmented Tracking timing analysis 
is summarized in table 3-28. The timing estimates assumed the following para¬ 
meters: 

1) 250 beacon reports per scan 
2) 350 radar reports per scan 
3) 250 tracked targets 
4) 6 displays 
5) 15 keyboards. 
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5 2 0 Bit 
Character 

4 3 1 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
lá 

14 
15 
16 
17 
19 
19 
20 
21 
22 
23 

(1) Status: 00 = Arrival 
01 = Departure 
10 = Overflight 

(2) Day: bit 0 of Word 3, if set, indicates the 
record is to be used on Sunday, Bits 5 
through 0 in Word 4, if set, represent 
scheduled days Monday through Saturday 
respectively. 

Figure 3-68. Flight Piar Format on Magnetic Tape 

Sequential Message 
_Number (0 - 40951 
Status (1) Not Used 

Day 
ETA/PTD 

-(binary minutes)_ 

Aircraft Identity 
(Seven DEDS coded characters) 

Assigned Beacon Code 
(Four octal digits) 

Entry Fix 
(Three DEDS characters) 

Entry Fix 
(Three DEDS characters) 

Not used by the Operational Prog. 
Equipment Type 
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TABLE 3-24. MAGNETIC TAPE FLIGHT PLAN INPUT PARAMETER TABLE 

ITEM 

FPRQ 

MTRECQ 

PSFLQ 

ATSQ 

DTSQ 

SATHQ 

DESCRIPTION 

Time, in minutes, in advance of current 
time that flight plans are read from 
magnetic tape 

Number of attempts made to recover 
from magnetic tape timing or read 
parity error 

Number of files to pass to position 
magnetic tape for read 

Time, in minutes, prior to ETA when 
a flight plan in TS is transferred to 
store status in CTS 

Time, in minutes, prior to PTD when 
a flight plan in TS is transferred to 
store status in CTS 

Percent of CTS at which transfer of flight 
plans from TS to CTS is stopped 

VALUE RANGE 

0-1440 

0-7 

0-100 

0-500 

0-500 

0-100 
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TABLE 3-25. DATA BASE UTILIZATION SUMMARY 

NOTE : 

S = Store 
R - Retrieve 
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Radar Input 
Processing 

S S 
R 

Beacon Input 
Processing 

S S 
R 

Beacon/Radar 
Correlation 

S S S 
R 

S 
R 

Keyboard Input 
Processing 

S 
R 

S S 
R 

S 
R 

S 
R 

S 
R 

S 
R 

S 
R 

S 
R 

S 
R 

S 
R 

S 

Interfacility I/O 
Processing 

S 

R 

S 

R 

S 

R 

S 

R 

Tracking R R R 
S 
R 

S S 
R 

S 
R R 

S 
R 

S 
R 

S S S 

Display Output 
Processing R 

S 
R 

S 
R 

S 
R 

Automatic Offset R R 
S 
R 

Console Typewriter 
Output 

S 
R 

Syst em Timeout 
Processing 

S 
R 

S 
R 

S 
R 

S 
R 

S S S 

Mag Tape Flight 
Plan Input 

S S 
R R R 

S S 
R 

S 
R 

Thread Update 
S 
R 

S 
R 
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TABLE 3-26. PROGRAM STORAGE 

Program Storage Estimate 

Executive 

Thread Update 

Beacon Input Processing 

Radar Input Processing 

Radar/Beacon Correlation 

Quantizer Control 

Tracking 

Unused Report Processing 

Keyboard Input Preprocessing 

Keyboard Functional Processing 

1 Display Output Processing 

Interfacility I/O Processing 

Auto Offset 

Console Typewriter Output 

System Timeout Processing 

Magnetic Tape Flight Plan Input 

Common Subroutines 

Miscellaneous 

TOTAL PROGRAM STORAGE 

4# 

100 

900 

1000 ! 

300 1 

350 1 

3000 ! 

600 

700 

4000 
900 

1450 

250 

650 

750 

500 

1800 

7200 

17.050 i 
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TABLE 3-27. DATA BASE 

DATA BASE STORAGE 
ESTIMATE (Nords) 

Beacon Input Buffers and Record 
Beacon Data Stores and Parameters 
Beacon Target Report Store (3B/2) 
Central Track Store (15.125T) 
Tracking Tables and Parameters 

Parameters 
RAT (3T) 
TNP (IT) 

40# 
750 
250 

Beacon Only Table 
Radar Only Table 
Display/Keyboard Tables (32D<-28K +100) 
Display Output Chain List (31(0+-1)+100) 
Common Active Track Buffer (ST) 
Fixed Chain List (25DtlOK) 
Console Typewriter Tables and Buffers 
Configuration Tables 
Interfacility Tables and Buffers 
Minor Tables (VFR/IFR, Selected Codes, etc.) 
Literals, Flags, Chains, Pointers, etc. 
Radar Input Store 
Zone Control Map 
Input Process Masks and Zone Maps 
Radar Record Stores 
Radar Report Stores 
Clutter Map Stores i 
Target Report Store (B+R) 
Mag Tape Flight Plan Data Base OT+S^) 
Executive Data Base 
Miscellaneous Data and Working Storage 

TOTAL 

600 
200 
375 

3700 
1400 

150 
712 

5350 
1250 
300 
275 
325 
375 
6! 
f> 

2736 
1920 
45# 

‘3 
766 
600 
800 
250 

_200 

24,626 

NOTE: B = number of beacon reports/scan = 250 
R = number of radar reports/scan = 350 
T = present number of tracks in system = 250 
Ü = number of displays = 6 
K = number of keyboards = 15 
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TABLE 3-28. PROGRAM TIME ESTIMATES 

Subprogram 
TIME(%) 

IOP1 IOP2 

Executive Control 

Beacon Input Processing (1 1.8N + ,^6B + 
+ 2.2) 
Keyboard Input Preprocessing (.40) 

Keyboard Functional Processing 

Interfacility I/O Processing 

Tracking (1.0 + 4.12T + .#4TuD) 

Tracking Feedback 

Process L'nused Reports (.04U) 

Display Output Chain Preparation (.1 + .01^ + *00* 
+ .07 

3.0 

19.7 

TB + .013Su + .026Lu)D 

Console Typewriter Output Processing 

Magnetic Tape Input Processing 

System Tineout Processing 

Automatic Offset (.4 + .10) 

Input/Output Requirements (.5+ 1.20) 

Beacon/Radar Correlation (37.5P r 20B + 72.5R 
+ 4W) -10-3 c 

Radar 1/0 Control 

Radar Target Detection (.00375? + .038R + .005P 
1.25) 

Quantizer Control (f + 4000)/320 

TOTAL 

1.8 

1.5 

3.3 

4.0 

18.8 

lb.2 

68.3 

3.0 

2.4 

0.1 
1.6 

33.4 

1.5 

4.0 

15.0 

0.1 

0.3 

1.8 

1.0 

7.7 

71.9 

NOTE: R = radar targets (350) 
B = beacon taroets (250) 

= tracks (250) = Tu + Tc 
= displays (6) 

keyboards (15) 
unused reports ( 100) 
uncontrolled tracks ( 100) 
controlled tracks (150) 
fruit/SWP (.25) 
controlled track FDBs/display (25) 

Sê = controlled track SS/display (125) 
TB = tabular tracks/display (0) 
Su = uncontrolled track SS/display (75) 

T 
0 
K 
U 

Tu = 
Tc = 

N = 
F- = 

L = uncontrolled track LOB/ 
display (25) 

Pb = entries/scan for beacon 
input proc (64) 

P = entries/scan for beacon/ 
c radar correlation (64) 
f = prf (1200 pps) 

P = radar predetections (850) 
Pr = entries/scan for radar 

target detection 
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3.4 Reliability.- This section specifies the reliability requirestents for 
the Augmented RBTL system and equipments. 

3.4.1 Reliability Definitions.- 

3.4.1.1 Mean Time Between Failure (MTBF).- The reciprocal of unit failure 
rate expressed in hours (MTBF = lA where A equals unit failure rate). 

3.4.1.2 Unit Failure Rate (A).~ The sum of the individual component 
density failure rates within a unit. The individual component density failure 
rate is the number of components times the expected failure rate for that 
component type. 

3.4.1.3 Mean Time To Repair (KTTR).- The mean time to effect repair of the 
unit to put the unit in an "up" condition. 

3.4.1.4 Mean Up Time (MUT).- The mean time to a failure of the system given 
that the system was performing its intended function at time zero. 

3.4.1.5 Mean Down Time (ffiT).- Mean time to effect repair of the system 
sufficient to put the system in condition to perform its intended function. 

3.4.1.6 Availability (A).- The intrinsic availability expressed as 
follows : 

a) For the system, MUT/(MUT + MDT) 
b) For the subsystem, MTBF/ÍMTBF + HTTO). 

3.4.1.7 Classes of Failures.- 

a) Transient failure - Self-clearing transient disturbances, such 
as transient parity errors, which do not require deactivation 
of an active unit. 

b) Non-transient failure - Non-clearing failures of an active unit 
requiring deactivation of this unit. 

3.4.2 Subsystem Reliability.- 
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3.4.2.1 Beacon Data Acquisition Subsystem (BOAS).- The BUAS shall exhibit an 
BTBF equal to or greater than and an MTTR equal to or less than the existing 
field implemented ARTS III BOAS. 

3.4.2.2 Radar Video Digitizer (RVÜ-4).- The RVD-4 shall exhibit an MTBF equal 
to or greater than S x 10^ hours and an MTTR equal to or less than 0.5 hours 
(assuming spare part availability). 

3.4.2.3 Data Processing Subsystem (DPS).- The DPS shall consist of one 
eight channel IOP, one 12 channel IOP, two 16K memory modules with 2 access 
port front ends, and one BK memory module with two access port front end. 
The subsystem based on the reliability model composed of these basic un¬ 
modified modules shall exhibit an MTBF equal to or greater than 1360 hours 
and an MTTR equal to or less than 0.5 hours. 

3.4.2.4 Data Entry and Display Subsystem.- The Data Entry and Display 
Subsystem reliability shall be specified in FAA-TD/S-120-801 A. 

3.4.3 Component Reliability - The reliability of control switches, indicator 
lights, and lamps shall be as specified in FAA-TD/S-120-801A. 

3.4.4 System Reliability.- The reliability of the Augmented RBTL system 
shall be outlined in the following table: 

Equipment FPMH 
\(10- ) hours 

MTBF 
Hours 

RDAS * 200 5000 

BDAS 268 3740 

I0P12 ch 160 6250 

IPP8ch 150 6667 

16K Mem 168 5943 

8K Mem 89 11223 

System ** 1203 833 

* RDAS design goal 
** System based on the following reliability model 

Reliability Model (Single Thread) 

RDAS BDAS I0Pl2cl - I0P8ch 



3.4.5 Reliability Design Feiture».- The Augaented RBTL system shell conteie 
the seme reliability design features as ARTS III. These features are 
delineated in section 3.8.5 of FAA-TD/S-l^-äflA. 

3.5 Maintainability.- The software and hardware maintenance features shall 
provide the means to wet the IDT and MITR requirewnts set forth in 
section 3.4. The Contractor will be guided by section 3.9 of FAA-TD/S-120- 
601A in wintenance approach and maintenance features. 

3.6 System Acceptance Testing.- The Contractor shall verify the performance 
standards of this system by comprehensive testing at all levels. Satisfactory 
completion of system testing shall be the demonstration of a system with 
operational capabilities in accordance with the requirewnts stated in the 
specification. 

3.6.1 Factory Tests.- The Contractor shall demonstrate at the factory the 
capability of the radar video digitizer to wet the requirewnts of this 
subsystem contained in se.'ion 4 of this docuwnt. 

3.6.2 Off-Site Tests.» The Contractor shall deliver, install, and 
integrate the Augwnted RBTL hardware and software into an ARTS III system 
located at a Government Test Facility. The Contractor shall demonstrate 
system operation in compliance with the design requirewnts stated in this 
specification. 

3.6.3 On-Site Tests.- The Contractor shall deliver, install, and integrate 
Augwnted RBTL hardware and software into an ARTS III System located at a 
terminal air traffic control facility. The Contractor shall demonstrate 
system operation in compliance with the design requirewnts stated in this 
specification. 

3.6.4 Test Plan.- The Contractor shall prepare and submit in draft form ten 
copies of a recommended test plan within six months from the date of contract 
for review and approval by the Gcvernment. The Government will review, 
approve, and/or direct necessary changes to the test plan within 60 days 
after receipt. The Contractor shall incorporate such direct changes and 
resubmit one reproducible and ten copies of the final test plan at least 15 
days prior to any equipment tests. 
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3.6.5 Test Reports.- Upon completion of the applicable tests in accordance 
with the approved test plan, the test results shall be recorded for submission 
to the FAA. The test report shall contain a complete description of the 
test results and shall be certified and submitted within 15 days after com¬ 
pletion of each major system test. One reproducible and ten copies shall 
be submitted for FAA acceptance. 

3.6.6 Test and Inspection.- Section 3.10.7 of FAA-TD/S-12O-0O1A shall apply. 

3.6.7 Field Test.- Section 3.10.7 of FAA-TU/S-120-001A shall apply. 

3.6.8 Failure Purina Testing.- Section 3.10.8 of FAA-TD/S-120-801A shall 
apply. 

3.6.9 Test Record Forms.- Section 3.10.9 of FAA-TD/S-120-801A shall apply. 

3.6.10 Additional Tests.- Section 3.10.10 of FAA-TU/S-120-801A shall apply. 

3.6.11 Problem Areas.- Section 3.10.11 of FAA-TO/S-HO-OOlA shall apply. 

3.6.J2 Equipment Modification.- Section 3.10.12 of FAA-TD/S-120-801A shall 
apply. 

3.6.13 Documentation.- Section 3.10.13 of FAA-TD/S-120-801A shall apply. 

3.7 General Requirements.- Section 3.11 of FAA-Tl)/S-120-801A shall apply. 

3.8 Test Equipment.- Section 3.13 of FAA-TD/S-120-801A shall apply. 

3.9 Pre-Installation Planning.- The Contractor may conduct a number of on¬ 
site inspections to become familiar with the environment which will be 
encountered at a typical ARTS III site during installation and checkout 
of the Augmented RBTL system. This particularly applies to the radar video 
environment which may vary from site to site depending on such things as 
radar receiver type, distance of radar site from IFR room, and type line 
drivers utilized to carry radar signals from site to IFR room. 
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3.9.1 Procedure.- Section 3.14.1 of FAA-TO/S-120-801 Applies. 

â.9.2 Installation Planning Report.- Within 60 days of the contract date the 
CO"»«.«., shall provide Oficie!,, t«h„tcal inf.i.io» « S! [¡¡ÍmUmÍm 

fíeíS hiU?r!ní!d.RmL !yst?" in report f0™ t0 Pennit its distribution to the field by the Government. Two reproducible and ten copies of the installation 
planning report shall be provided. 

3*9.3 Government Prepared Preliminary Installation Plan.- Based on the 
Contractor prepared installation planning report (3.9.2). the Government 
will prepare a site-by-site preliminary installation plan and submit this 
to the Contractor for review. 

3,9.4 System Simulation.- 

3*9,4,1 A simulation model entitled ARTS Multiprocessor 
Executive Simlator (IES) has been developed under the ARTS Enhancement 
contract. This model will be utilized to support the design and implementation 
of the software for the Augmented RBTL operational system. 

The model accepts inputs to define the characteristics of the system such 

a) Number of processors and memories 
b) Software structure 

1) Task schedules of lattices 
2) Memory maps 

c) System loading data 

1) Number of radars and their characteristics 
2) Tracks 
3) Displays 
4) Beacon targets (airborne count) 
5> Radar targets (airborne count). 

The model will be utilized to support the system implementation as follows: 

a) Determine processing requirements for each site 
b) Optimize software or task schedules to minimize inefficiencies 
c) Balance processing loads 
d) Size buffers to eliminate data losses 
e) Minimi ze memory queuing 
f) Minimize task delays to insure meeting system response times 
g) Monitor overall software development. 
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3.9.4.2 Basic Model Description.- The ARTS Multiprocessor Executive 
Simulation (ICS) model ms developed to provide a means of observing the 
performance of an ARTS multiprocessing system based on the system configuration 
and load. Because the execution of all tasks in the ARTS system is controlled 
by the executive, data on the performance of the system can be obtained by 
observing the activities of the Exec. The ICS model provides a means of 
observing Exec activities without the necessity of an entire system. 

For a particular configuration, the model can be run using a variety of loads 
(tracks, beacon/radar reports, etc.) to determine system response time, 
system capacity, size and location of queues, and amount of idle time. The 
model can also be run using different configurations for a given load to 
show the effects of adding or deleting system devices. 

In addition to configuration and load parameters, the model also accepts 
task lattice structures and popup requirements as input. By varying the 
lattice structures and popup times for a given configuration and load, the 
optimum software structure for a system can be determined. 

The dynamic portion of the IES model is viritten in Univac System Simulation 
Language (USSL) and executed on a UNIVAC 1100 Series computers under EXEC-6 
control. USSL is a high-level, discrete-time, simulation language written 
in FORTRAN V. 

3.10 System Design Data.- Section 3.15 of FAA-TD/S-120-801A shall apply. 
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4. QUALITY ASSURANCE PROVISIONS.- The Contractor shall verify the performance 
of the system by comprehensive testing at all levels. Quality assurance provi¬ 
sions specified in FAA-TD/S-120-801 form a part of this specification and shall 
be complied with. Where FAA-TD/S-120-ÖO1 is not applicable, the Contractor 
shall be guided by the contract for ARTS III equipment (DOT FAb9WA-207l). All 
items will be designed and constructed in a manner similar to that used for 
ARTS III equipment and will resemble ARTS III equipment in workmanship, quality, 
design and general appearance. 

4.1 Design Qualification Tests.- The Contractor shall conduct design qualifi¬ 
cation tests to demonstrate to the Government that the equipment meets all 
contractual and specification requirements defined in FAA-TD/S-120-801A. 
These tests will be conducted in the factory, at a Government approved test 
facility, or some combination thereof, on all new equipment needed to bring 
existing ARTS III systems up to an Augmented RBTL system. Design Qualification 
testing shall consist of: 

a) Unit tests 
b) Subsystem tests 
c) System tests 
d) Reliability tests 
e) Maintainability tests 
f) Environmental tests 

1) Type tests 

4.1.1 Unit Tests.- The Contractor shall conduct unit tests to verify that each 
individual piece of hardware meets the performance requirements as specified 
here.n as well as the performance requirements delineated in this design speci¬ 
fication. 

4.1.2 Subsystem Tests.- Subsystem tests are tests of equipment combinations 
and/or equipment and operational software combinations. The Contractor shall 
conduct subsystem tests as necessary to verify proper operation of the sub¬ 
systems and to provide confidence that the system tests will have a high 
probability of success. 

4.1.3 System Tests.- The Contractor shall conduct system tests to verify that 
all requirements of this specification have been met. These tests shall be 
designed to exercise the total system comprising of basic ARTS III equipments, 
new ARTS III equipments, and the operational software. 

4.1.3.1 Confidence/Stabi1itv Test.- As part of each system test, a continuous 
confidence/stability test shall be performed using video inputs with the opera¬ 
tional program running. Manual inputs from the display data entry devices shall 
also be used. Measurements shall be made at the beginning of the test and at 
specified intervals which shall be indicative of the stability of the system. 
All system adjustments shall be made prior to the start of the test and no fur- 



4.4.3.1 (continued) 

ther adjustments will be allowed for the duration of the test. During the last 
half-hour of the test, a simulated power fuilure test shall be* made. This test 
shall be made by interrupting all AC power to the system for 0 period of at 
least 15 seconds. When power is restored, all malfunctions or* errors shall be 
recorded. The test shall be resumed without any equipment adjustments. If 
manual adjustments or intervention is required to re-initiate operation, these 
shall be fully documented in the test report. 

4,1li TC5ts- The Contractor shall conduct reliability tests to 
verity tnat tne equipment meets the reliability requirements of this specifica¬ 
tion and to obtain the necessary data to assist in verifying that the system 
availability requirements are met. The reliability tests shall be conducted 
in accordance with MIL-STD-781. 

lilt5—Maintainability Tests.- The Contractor shall conduct maintainability 
tests to verify that the equipment meets the maintainability requirements of 
this specification. The maintainability tests used will be based on Method 
4 of MIL-STD-471. 

4.1.6 Environmental Tests.- The Contractor shall conduct environmental tests 
on all new equipment to verify that these equipments meet the requirements of 
FAA-TD/S-120-001A. 

4.1.6.1 Type Tests.- The Contractor shall conduct type tests on all new equip¬ 
ment to verify that these equipments meet the requirements as specified in 
FAA *0-2100/lb. 

4.2 Production Tests.- The Contractor shall conduct production tests to demon¬ 
strate to the Government that the equipment and systems manufactured during a 
production run are equivalent to the equipment and systems that have passed the 
design qualification tests. Production tests will consist of unit, subsystem, 
and system tests, and are a combination of factory and site tests. 

4.2.1 Factory Tests.- Factory tests are those unit and subsystem tests con¬ 
ducted within the Contractor's plant to ensure that each unit and subsystem 
meets the requirements of this specification prior to delivery. 

4.2.1.1 Factory Inspection.- The quality assurance provisions specified in 
FAA-G-2100 and MIL-I-45208A form a part of this specification and shall be 
complied with. All inspections and tests at the Contractor's plant shall be 
performed by the Contractor, and may be witnessed by and subject to approval 
by FAA inspectors. The Government reserves the right to waive the requirements 
of any portion of the inspections and tests. 

4.2.1.2 Incoming Inspection.- The Government may elect to make an incoming 
inspection of all or any portion of the components and materials used in con¬ 
struction of the equipment to determine compliance with the specifications 
covering component procurement. 
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4.1.3.1 (continued) 

4 2.1.3 Unit Inspection.- Each completed unit supplied as an integral part 
(or spare unit) of each system under the contract shall be given a mechanical 
electrical examination. The mechanical examination shall be used to determine 
compliance with the applicable specifications covering fabrication requirements 
such as strength and rigidity, accessibility, type of components and materials, 
choice of insulation, layout of chassis, panel, and wiring, finish, and so on. 
The Contractor shall perform an electrical inspection to determine compliance 
with the applicable specifications covering electrical requirements and 
performance, such as electrical continuity, leakage resistance, power supply 
voltages, and regulation, sigrai to noise ratio, pulse and wave shapes, 
resolution, storage characteri tics, and so on. Units built, tested, and 
approved in accordance with the applicable specifications may be retained 
temporarily by the Contractor in order to facilitate testing of associated 
units; however, such units used for test purposes shall be given a mechanical 
and electrical re-inspection prior to Government acceptance if required by the 
Contracting Officer. 

4.2.2 Site Tests .- The Contractor shall conduct site tests for every system 
installation. Site tests shall be conducted at the unit, the subsystem, and 
the system level. Site tests shall be organized so that the implementation 
requirement of section 3.1 4 is met. Each site test shall be designed to meet 
the following objectives: 

a) To verify that the installed unit, subsystem, or system meets the 
requirement of this specification 

b) To verify that the basic ARTS III functions can be peiformed with 
the unit, subsystem, or system installed 

c) To provide the required certification procedures to enable the 
KAA to operate with the insialled unit, subsystem, or system. 

Site tests will consist of both off-site and on-site tests. Off-site tests 
will be conducted at a Government test facility on Augmented RßTL hardware and 
software. On-site tests will be conducted at an existing ARTS III air traffic 
control facility on Augmented RB1L hardware and software. 

4.3 Test Conduct.- 

4.3.1 General.- The Contractor shall be responsible for conducting all tests. 
Whenever testing is scheduled, the Contractor shall ascertain that all neces¬ 
sary personnel are available and that Contractor provided procedures, test 
scripts, and test data sheets have been distributed. All test personnel shall 
normally be provided by the Contractor. However, the iAA reserves the right 
to use FAA personnel in lieu of Contractor personnel to man any operating 
position in the equipment configuration under test. The Contractor shall 
conduct a test briefing and debriefing for each test and shall assure that 



4.3.1 Geaeral.- (continued) 

•11 personnel have been properly instructed in their duties. The Contractor 
shall Mke any and all additional tests necessary to demonsttate compliance 
to the required system performance. If, during the course of any tests, 
errors or malfunctions occur, the Contractor shall make entries in the appropri¬ 
ate logs. In addition, the Contractor shall document each error or malfunc¬ 
tion indicating the type, the procedures taken, the time required to circum¬ 
vent, and the assignment to the appropriate equipment or software element. 

4.3.2 Test Procedures.- The Contractor shall provide all test procedures and/ 
or scripts to be used during the conduct of a test. These procedures shall 
include all test record forms to be used as test data sheets, test operator 
logs, and reports. These documents shall be provided by the Contractor and 
submitted for review and approval 45 days prior to the scheduled performance 
of a test so as to allow 30 days for FAA review and approval. 

4.3.3 Test Reports.- Upon conducting the applicable tests in accordance with 
the approved test plan, the results shall be recorded for submission to the FAA. 
The test report shall contain a complete description of the test results and 
shall be certified and submitted within 15 days after completion of each test. 
One reproducible and ten copies shall be subiritted for FAA acceptance. 

The test report shall, as a minimum, contain the information specified below: 

a) Indicate the performance of each equipment under test and whether 
it meets the system limits 

b) Functions that were tested 

c) Information as to whether the results of the test are in agree¬ 
ment with the required reliability of the unit or system 

d) The quantity and type of spare parts needed to correct the errors 
or malfunctions 

e) A record of any engineering changes found necessary to correct 
design deficiencies. 

4^,4 Failure Accountability. - There are two major cla sses of failure: 
relevant (countable) failures and non-relevant (non-countable) failures. 
Relevant failures are defined as: 

a) Manufacturing defects 
b) Parts defects 
c) Design defects 
d) Unknown. 
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4.3.4 Failure Accountability.- (continued) 

Failures due to other causes shall be classified non-relevant. This class 
includes failures due to: 

a) Accident or mishandling 
b) Operator (where not due to improper design) 
c) Failure of part not supplied by the Contractor 
d) Test equipment or facility failure 
e) Maintenance induced failure 
f) Installation error 
g) Drawing specification or procedure error. 

The burden shall be on the Contractor to show that a failure should be 
classified non-relevant. 

4.3.4.1 Failure Rwordino and Beportum.- enures shall be recorded In accor- 
dance with the Facility Outage and Equipment Failure Report (FAA Handbook SMP 
6040.IB). Maintenance logs shall utilize FAA Form 406C. 

4.3.4.2 Additional Tests.- The FAA may require the Contractor to repeat tests, 
or portions thereof, if the original tests fail to demonstrate compliance with 
the specification. 

4.3.4.3 Problem Areas.- The Contractor shall be responsible for solving prob¬ 
lems encountered in providing a system to the requirements of this document. 
He shall notify the FAA promptly of any problems beyond his jurisdiction. 

4.3.4.4 Equipment Module or Subsystem Modification.- The Contractor shall be 
responsible for incorporating and testing any modifications to this design 
that are necessary to meet, approve, and/)r direct necessary changes to the test 
plan within 60 days after receipt. The Contractor shall incorporate such 
directed changes and resubmit one reproducible and ten copies of the final 
test plan at least 15 days prior to any equipment tests. 

4.4.1 Test Plan(s) Content.- The test plañís) shall be comprehensive, 
including all details necessary to assure that test procedures and testing 
will satisfactorily demonstrate equipment software, subsystem, and sys.em 
compliance with all requirements specified herein. 
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Hw test plan(s) shall include, as a ■ininua, the following: 

a) Test description and its purpose. The description shall include 
a block diagraw showing the systew configuration and interfacing 
and procedures for conducting each test of the series, together 
with the personnel necessary to perform the test. 

b) Designation of all inputs that are required to test each function 

c) Test output records including a description of required outputs, 
the types of equipawnt used to observe or provide the outputs, 
etc. 

d) A complete time sequenced schedule of events 

e) A list and description of each software program to be used, 
including the total running time for each program. The 
description shall include the format and contents of each type 
of message output and of any printouts or records to be 
maintained. 

f) A detailed description of analysis or combination of analysis and 
test results which may be offered in lieu of testing, where com¬ 
plete test resulta may be difficult or impractical to obtain. 
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5. PREPARATION FOR DELIVERY 

Preparation for delivery shall be in accordance with FAA-R-1030d unless air 
ride padded van shipment is used. Equipment delivered under this specification 
shall be F.O.B. destination, within consignee's pretuses, including delivery 
to specific rooms within a building. Transportation charges shall be billed 
as separate invoice item. 
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6.0 LIST OF ABBREVIATIONS AND ACRONYMS 

ABC 
ACE 
ACID 
AGP 
APE 
APG 
APRT 
ARBTL 
ARP 
«TCC 
ARTG 
ARTS m 
ASCII 
ASR 
ATCBI 
ATCRRS 
AHTT 
BAM 
BAP 
BC/B.C. 
BCD 
BCW 
BDAS 
BDM 
BIP 
BRG 
HTL 
BIPS 
CATS 
CID 
CtFRF 
"It -k 
CPE 
CPS 
CPU 
CR 
CRT 
CS 
C/S 
a 
CTS 
DAS 
dB 
Deer. 
DEDS 
DNP 

Assigned Beacon Code 
Automatic Clutter Eliminator 
AirCraft IDentification 
Azimuth Change Pulse 
Arrival, Departure, or Overflight Code 
Azimuth Pulse Generator 
Active Popup Request Time 
Augmented Radar Bencon Tracking Level 
Azimuth Reference Pulse 
Air Route Traffic Control Center 
Azimuth, Range, and Timing Group 
Automated Radar Terminal System III 
American Standard Code for Information Interchange 
Airport Surveillance Radar 
Air Traffic Control Beacon Interrogator 
Air Traffic Control Radar Beacon Subsystem 
Alphanumeric Write Time (DEDS) ,2 
Binary Angular Measurement (1 BAM = 2 ACPs = 360 ) 
Bottom Address Pointer 
Beacon Code 
Binary Coded Decimal 
Buffer Control Word 
Beacon Data Acquisition Subsystem 
Beacon Detection Map 
Beacon In Process 
Beacon Reply Group 
Beacon Tracking Level 
Beacon Target Report Stores 
Common Active Track Buffer 
Refers either to TCID or ECID (computer identification) 
Common Instrument Flight Rules Room 

ime Incrementing Clock 
Cen er Pulse Enable 
Chain Preparation Subprogram 
Central Processor Unit 
Carriage Return 
Cathode Ray Tube (DEDS Scope) 
Clutter Select 
Coast/Suspend 
Cycle Table 
Central Track Store 
Data Acquisition Subsystem 
Decibels 
Decrement 
Data Entry and Display Subsystem 
Do Not Process (Refers to DEDS AWT) 



6.0 (continued) 

DP 
DPS 
DS 
DT 
EBCDIC 
ECID 
EF 
EFR 
ENCHIN 
»RIN 
EffUXJT 
EOM 
ETA/PTD 
EXEC 
FCF/FCLT/FCL 
FDB 
FP 
FTC 
GFE 
GMT 
HCD 
IAM 
ICA 
ID 
IF 
IFR 
Incr. 
I/O 
IOP 
KHz 
KIP 
KOF 
LBJ 
LDB 
LOT 
LF 
LGC 
LL 
LR 
IRC 
LS 
LSB 
MC 
MHz 
MSB 
MT/MTU 
MT BF 
MITR 
MIT 
nm 

Display Processor 
Data Processing Subsystem 
Density Select 
DEOS Dead Time 
Extended Binary Coded Decimal Interchange Cade 
Enroule Computer IDentification 
External Function 
External Function Request 
Enroute Interrupt Routine 
Enroule Input Processor 
Enroute Output Processor 
End of Message 
Estimated Time of Arrival/Planned Time of Beparture 
Executive Control Program 
Fixed Chain List 
Full Dat? Block 
Flight Plan 
Fast Time Constant 
Government-Furnished Equipment 
Greenwich Mean Time 
Hit Count Discriminator 
Intermediate Area Nap 
Interfacility Adaptor 
Identification 
Interfacility 
Instrument Flight Rules 
Increment 
Input/Output 
Input/Output Processor 
Kilo hertz 
Keyboard Input Processing 
Keyboard Operational Function 
Load B Register and Jump Instruction 
Limited Data Block 
Lattice Description Table 
Line Feed 
Last Good Code 
List Length 
Leading Range 
Longitudinal Redundancy Check 
Threshold (Lead Edge) Select 
Least Significant Bit 
Master Clear 
Mega hertz 
Most Significant Bit 
Magnetic Tape Unit 
Mean Time Between Failure 
Mean Time to Repair 
Moving Target Indicator 
nautical mile 
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6.( (continued) 

NO,# 
n Î.8C 
00k 
(XTB 
PAM 
PF A 
PPr 
PTi' 
P/S 
PTT 
PTf' 
pr 
RAT 
REC 
RBTL 
R(r' 
RDS 
RT4S 
RIL 
Rr° 
RLÚ 
RNIS 
RIM 
RFM 
RTC 
RTL 
R?QC 
R’D 
scaling 
S'T 
S-.P 
SIL 
S'. 

NO operation (Do nothing instruction) 
nano seconds 
Output Data Request 
Output Untracked Target Buffer 
Peripheral Adapter Module 
Probability of False Alarm 
Planned Position Indicator 
Pulse Repetition Frequency (cycles/second) 
Primary Secondary 
Proposed Time of Departure 
Post Task Pointer 
Process Unused Reports 
Report Address Table 
Reported Beacon Code 
Radar Beacon Tracking Level 
Research and Development 
Range Density Snapshot 
Radar Data Acquisition Subsystem 
Release Interrupt Lockout 
Padar in Process 
Run Length Discriminator 
Radar (Digitizer) Not In Synchronization 
Regional Performance Map 
Report Screening Map 
RealTime Incrementing Clock 
Radar Tracking Level 
Real Time Quality Control 
Radar Video Digitizer 
Scaled +n means Bit 2n has the value of unity 
Scan Correlated Feedback 
CFOS Code to Terminate AWT 
Set Interrupt Lockout 
System Load (Capacity of System Capability) 

SPl 
SS 
Synch 
TABC 
TABIT 
TAP 
TCID 
TCL/TCLT 
TÏ 
TL 
TLGC 
TN 
TNP 
imT 

System Parameter 
Special Position Indicator 
Single Symbol 
Synchronization 
Tentative Assigned Beacon Code 
Tabular Index Table 
Top Address Pointer 
Terminal Computer Identification 
Track Chain List 
DEDS Character Code 
Target Leading Edge (for BOAS Target Declaration) 
Tentative Last Good Code 
Track Number 
Track Number Pointer 
Track Number Table 
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6.0 (continued) 

TP 
Ht 
TS 
TSSS 
TT 
TTY 
Vn 
Vc 
VFR 
VS 
VSM 
ZCM 
ACT 
ZULU 
mF 
M.S6C 

Target Declaration Processor 
Trailing Bange 
Temporary Store or Test hud Set 
Track Sector Summary Store 
Target Trailing Edgç (BOAS Target Declaration) 
ASR-37 teletypwriter 
Node 3/A Validity 
Node C Validity 
Visual Flight Rules 
Video Select 
Video Select Nap 
Zone Control 
Zone Control Table 
Current System Time of Day 
micro farad 
micro second 
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APPENDIX A 

RADAR DATA ACQUISITION SUBSYTEM 

DESIGN SPECIFICATIONS 

Par«qriRh 

A.l 
A.2 
A.3 
A.3.1 
A.3.2 
A.3.3 
A.3.3.1 
A.3.3.2 
A.3.3.2.1 
A.3.3.2.2 
A.3.3.2.3 
A.3.3 2.4 
A.3.3 2.5 
A.3.3.2.6 
A.3.3.2.7 
A.3.3.2.8 
A.3.3.3 
A.3.3.3.1 
A.3.3 3.2 
A.3.3 3.3 
A.3.3.3.4 
A.3.3.3.4.1 
A.3.3.3.4.2 
A.3.3.3.4.3 
A.3.3.3.5 
A.3.3 3.5.1 
A.3.£.3.i> 
A.3.3.3 ¿.I 
A.3.3 4 
A.3.3.4.1 
A.3.3.4.2 
A.3.3.4.2.1 
A.3.3.4.2.2 
A.3.3.4.2.3 
A.3.3.4.2.4 
A.3.3.4.2.5 
A.3.3.4.3 
A.3.3.4.3.1 
A.3.3.4.3.2 
A.3.3.4.3.3 
A.3.3.4.4 
A.3.3.4.4.1 
A.3.3.4.4.2 
A.3.3.4.4.3 
A.3.3.5 
A.3.3.5.1 

TABLE OF CONTENTS 

Title 

Scope 
Applicable Documents 
Requirements 

Equipment to be Furnished by the Contractor 
Definitions 
Functional Requirements 

General 
Timing 

General 
Range Oscillator Logic 
Range Counter 
Radar Synchronization 
Range Decoder 
Azimuth Counter 
IOP Sweep Synchronization Logic 
Zone Size 

Amplitude Quantization 
General 
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A.1 SCOPE 

This specification covers equipaent suitable for detecting target hit returns 
in either normal or MTI video received from short range airport surveillance 
radars. The equipaent is designated as a "Radar Data Acquisition Subsystem" 
(RDAS). The video hits, from which targets may be detected, as well as clutter 
hit data for video selection, weather hit data for feedback control of the 
quantizers, and target predetection data are provided on a sweep by sweep 
basis to a digital computer. The computer performs target detection, tracking, 
and associated functions. Various operating parameters within the RDAS are 
controlled dynamically by the computer on either a non-periodic basis or 
synchronously every 32 azimuth change pulses. The RDAS also provides quantized 
and azimuth integrated video to a CRT display console. 
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A.2 APPLICABLE DOCUMENTS 

The following «pecifications, in effect on the issue date of the specification, 
form a part of this specification to the extent specified herein: 

MIL-STD-243A 

FAA-G-2100/1A 

UNIVAC SB-10205(A) 

Types and Definition of Models 
For Communications Electronics 
Equipment 

Electronic Equipment, General 
Requirements 

Input/Output Channel Character¬ 
istics (I0P) 

FED-STD-595 Colors 
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A, 3 RETIREMENTS 

A.3.1 Equipment to be Furnished by the Contractor.- The equipment to be sup¬ 
plied under this specification shall consist primarily of a single unit de¬ 
signed to perform to the requirements detailed under paragraphs A.3.3 and A.3.5 
of this appendix. The specific items to be delivered are: 

a) One self-contained, free standing equipment cabinet 
b) One set of mating connectors for installation on the site 

cables not included under this specification 
c) One set of maintenance manuals including logic diagrams 
d) One set of spare cards and parts. 

A.3.2 Definitions.- 

Radar Data Acquisition Subsystem (RDAS).- The hardware portion of the Radar 
Beacon Tracking Level system (RBTL) which receives broadband radar video 
digitiz.-s it, and transfers hit and related data to the OPS 

Input/Output Processor (I0P).- The ARTS III computer portion of the Data Pro¬ 
cessing System (DPS) which interfaces with the RDAS 

Quantizer.- A device for sensing the presence of a video pulse which meets 
certain standards of amplitude and width relative to the video conditions in 
the immediate vicinity. 

A.3.3 Functional Requirements.- 

t.3.3.1 General.- The RDAS accepts basic timing information and video from 
the search radar. From this information and parameter settings derived in the 
10P, the KMS extracts video hit data by use of regulated amplitude quantizers. 
In order to specify in detail the functional requirements of the RDAS, a func¬ 
tional organization is described in the following paragraphs. The functional 
requirements of the RDAS are partitioned into the following groups: 

a) Timing 
b) Amplitude quantization 
c) Hit processing 
d) Hit integration 
e) Input/output 
f) Maintenance provisions 
g) Display outputs. 
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A«3«3«2 Timing,— 

A.3.3.2.1_General.- The timing group is comprised of a range oscillator and 
range counter and azimuth counter logic. It shall provide the basic timing 
signals for all ROAS functions. Additionally, logic for IOP sweep synchro¬ 
nization shall be provided. 

A.3.3.2.2—Range Oscillator Logic.- The range oscillator shall be crystal- 
controlled. The crystal shall provide a nominal master clock frequency of 
82.807 mHz (1/1024 nautical mile). An accuracy of + 0.01 percent of nominal 
frequency shall be maintained. Timing signals representing 1/64 and 1/16 
nautical miles shall be derived from the master clock. Logic shall be pro¬ 
vided to synchronize these timing signals to the leading edge occurrence of 
each radar pretrigger such that synchronization jitter of all timing signals 
relative to the pretrigger shall not exceed one master clock pulse interval 
(12.1 nanoseconds). 

_Range Counter.- A range counter shall be provided that counts in 
1/16 nautical mile increments from 0 to 127 nautical miles. Up to six 
sequential independent radar Maximum Range (MR) decodes shall be available 
for accommodating staggered PRF operation. These decodes shall be manually 
adjustable by wire strap cards. 

A.3.3.2.4 Radar Synchronization.- For each radar pretrigger, the range 
counter is preset to a negative range corresponding to the time interval 
between radar pretrigger and radar range zero. This preset value shall be 
manually adjustable by wire strap card. The MR decode sequence shall be 
aligned to the radar by allowing the sequence to advance each pretrigger only 
if »he next pretrigger occurs within 8 ^sec after the MR decode. When the 
sequence advances in six consecutive radar sweeps, a control flip-flop shall 
be set declaring synchronization. 

After synchronization to the radar, the synchronization logic shall continually 
check for a loss, premature, or late occurrence of the radar pretrigger (see 
A.3.3.7.5.3 for a detailed explanation). A range alarm signal shall be made 
available to the input/output group if one of these events occurs. A range 
alarm indicator shall be activated and cleared by an ol&rm control bit in 
Command Word 0 from the IOP, The activating and clearing of the indicator 
shall be solely dependent upon computer control when the ROAS is on-line. 
The range alarm logic shall be capable of monitoring PRF rates from 713 to 
1200 Hz (see A.3.5.2.1). 



A.3.3.2.5 Range Decoder.- Range decodes, adjustable by wire strap when re¬ 
quired by radar variations, shall be provided to support other logic of the 
RDAS. Development of the processing range envelope (nominally 0 to 60 nautical 
miles) &nd RTQC range gate signal are examples of the range decoder function. 

A.3,3.2.0 Azimuth Counter.- The azimuth counter shall accept 4096 equally 
spaced Azimuth Change Pulses (ACP) and one Azimuth Reference Pulse (ARP) per 
each full rotation of the radar antenna. 

A 12-bit counter shall be provided for counting ACPs. Provision shall be made 
to preseL the counter to a zero value upon receipt of the ARP. No azimuth 
bias correction shall be provided by the RDAS. The value of the azimuth 
counter shall be made available to all groups of the RDAS. 

Logic shall be provided to detect loss, premature, or late occurrence of 
ARPs and ACPs (see paragraph A.3.3.7.5.2 for a detailed explanation). In that 
event, an azimuth alarm signal shall be made available to the input/output 
group. An azimuth alarm indicator shall be activated and cleared by an alarm 
controj. nit in Command Mord 0 from the IOP when the RDAS is on-line. 

A.3.3.2.7 IOP Sweep Synchronization Logic.- A master clear signal ¿hall be 
derived by the input/output group from the IOP Command Word 0 MC field. Logic 
shall be provided to sense the occurrence of the MC field. When the MC field 
is a logic ONE, a control flip-flop shall be set. When the MC field is a 
logic ZERO, the next radar pretrigger shall cause the control flip-flop to be 
reset. 

The reset state of the control flip-flop shall be used by the input/output 
group to enable exchange of radar sweep data with the IOP. 

The set state of the control flip-flop shall inhibit the transfer of all 
except command words as defined in the input/output section (A.3.3.6) of this 
appendix. 

A.3.3.2.6 Zone Size.- Each zone shall consist of 2 nautical miles in range and 
32 consecutive ACPs in azimuth. Zones shall begin at range zero and the sweep 
following the receipt of the ARP. 

àãt&iA.Amgytfflfr Qmntizgtigq.- 

A.3.3.3.1 General.- Each RDAS shall contain three binary amplitude quantizers 
(Ql, Q2 and Q3) for simultaneously thresholding two types of radar video. The 
amplitude quantizer outputs shall be sent to their hit processing groups. The 
various components of each quantizer are shown in figure A-l. A simplified 
block diagram of the RDAS quantizer, hit processing, clutter sensing, and hit 
integration and selection is shown in figure A-2. 



T
O
ñu) ini rr5r~t 

«mmmm ni. f 

W^'fVÍWTJW.IW 

A-6 



A-7 

R
D
A
S
 
Q
u
a
n
t
i
z
e
r
s
.
 
C
l
u
t
t
e
r
 
S
e
n
s
i
n
g
.
 
H
i
t
 
P
r
o
c
e
s
s
i
n
g
.
 
H
i
t
 
I
n
t
e
g
r
a
t
i
o
n
,
 
a
n
d
 
S
e
l
e
c
t
i
o
n
 



A.3.3.3.1 (continued) 

The nornal quantizer, Ql, shall have a closed loop regulator for the establish¬ 
ment of an amplitude threshold. The loop shall regulate on thermal noise. 
It shall establish its threshold by employing a closed loop noise 
circuit. A second normal quantizer, Q2, shall employ a rank order technique 
in which a v*deo pulse must exceed in amplitude the signal at a number or 
adjacent taps on a video delay line. A multiplicative gain adjustment on 
the center up controlled by the IOP shell permit join •«"“““J*'*"”"* 
and unity. The IfTI quantizer, Q3, shall employ the same rank order technique 
and gain adjustment method as does Q2. 

A.3.3.3.2 Video Typfs.- The normal quantizers shall be capable of processing 
the following rada videos: 

a) Linear normal 
b) Log normal. 

The MTI ouantizer shall be capable of processing the following radar videos: 

a) Linear MTI 
b) Log MTI. 

A 3 3 3.3 Inout Buffer.- An input buffer shall be provided for the radar^ 
input to each quantizer. Each input buffer shall consist of a 4-pole high 
pass filter. The filter shall provide 24 db of attenuation at 60 Hz. fhe 
filter 3 db attenuation cutoff shall be at 120 Hz. The output of the buffer 
shall be clamped to insure that the baseline of the 
Provision shall be made for mixing test pulses and video at the bu.fer input, 

A.3.3.3.4 Normal Ouantizer Ql.- The normal quantizer Ql shall derive a 
quantizer amplitude thresh¿Td based on the integration of hits over approxi¬ 
mately a one second time period. This shall be accomplished by a noise 
metering circuit containing a differential integrator which compares the 
average number of hits being declared with a calibrated vo tage 
a desired hit average (Pn). The noise meter hit input shall be based upon a 
1/16 nm range cell rate. The calibrated reference voltage used 
the percentage noise regulation value shall be derived fr®m ® 
command in the Percent Noise Normal (PNN) field of Command Word ¢. The least 
significant bit in the 6-bit PNN field shall represent 1/4%. 

A.3.3.3.4.1 Input Inhibit.- Gating shall be provided to inhibit the hit input 
to the noise meter during the following conditions. 

a) When the count in the Hit Density Counter 1 exceeds the 5-bit 
Strobe Threshold (ST) found in Command Word 1 
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A.3.3.3.4.1 (continued) 

b) When the hit processing output of Normal Quantizer Q1 is not 
selected 

c) During dead time. 

During the time that the hit input to the noise meter is inhibited, the 
amplitude threshold shall be permitted to drift upward (in the direction of 
reducing hit count) with a time constant of 100 or more seconds for a full 
excursion of 0 to 4 volts. 

A.3.3.3.4,2 Minimum Threshold.- A 0 to 0.3 volt potentiometer-adjustable 
minimum threshold shall be provided so that the Q1 quantizer threshold can 
be adjusted to remain above zero. 

A.3.3.3.4.3 Second Threshold Detector- A second video amplitude threshold 
shall be derived by the addition of an adjustable offset to the threshold 
established by the noise meiering circuit. This threshold shall be compared 
with the incoming video to provide input to Clutter Monitor 2. The offset 
shall be adjustable from 0 to 2 volts. 

A.3.3.3.5 Normal Quantizer ()2.- The Normal Quantizer Q2 shall employ the 
rank comparison technique in which th* amplitude at the center tap of a video 
delay line is either multiplied by a fractional constant or decreased by a 
subtractive bias and compared with the signal amplitude at each of a series 
of adjacent taps. If the Normal Bias (NB) field in Command Word 2 equals zero, 
the center tap will be multiplied by a fractional constant which is linearly 
proportional to the digital gain value prior to comparison. If NB equals one, 
a bias will be subtracted from the center tap, the magnitude of which bias is 
ltnear4y proportional to the digital gain value. In either case, the rank of 
»he cente* tap output relative to the other taps is determined and then is 
compared to a rank threshold. If it is higher than the threshold, an output 
representing a video hit is produced. The rank threshold shall have a maximum 
value equal to the number of taps adjacent to the center tap. It shall be 
reduced by an amount up to seven counts below the maximum by the value speci¬ 
fied i.i the Difference From Maximum Rank-Normal (DMRN) field, bits 24 through 
26 in Command Word 1. 

The quintizer delay line will be 12.35 microseconds in length and will contain 
25 taps. The 12 taps on either side of the center tap will be spaced .475 
microseconds from one another and the two taps immediately adjacent to the 
center tap will be spaced .95 microseconds from the center tap to provide a 
guard band. The delay line shall have a distortion factor no greater than 
2¾ and a delay-to-rise time ratio of 60 to 1 or greater. 



A.3.3.3.5.1 Center Tao Bias Control.- When NB equals aero in Coamnd Word 2, 
the fractional multiplier applied to the signal amplitude on the delay line 
center tap shall be determined for each two nautical mile increment of range 
by the decoding of a 5-bit normal gain word. The gain values shall be trans¬ 
mitted from the IOP to the RDAS in six normal gain zone control words, each 
containing five gain fields (for ten nautical miles) of five bits each. The 
range of the multiplier which represents the digital gain value shall be 
adjustable by a potentiometer between 0 and unity. A value of 0 in the gain 
word shall represent the minimum fractional multiplier. A value of 32 shall 
represent a unity fractional multiplier. Each gain value, in addition to 
applying to two nautical miles in range, shall be subject to update by the 
IOP each 32 ACPs. 

When NB equals one in Command Word 2, the bias subtracted from the signal 
amplitude on the delay line center tap shall be determined for each two 
nautical mile increment of range by decoding of a 5-bit normal gain word. 
The range of the amplitude of the subtractive bias which represents the 
digital gain value shall be adjustable by a potentiometer between 0 and 1 
volt. The granularity on this adjustment shall be such that one revolution 
of the potentiometer shall represent .1 volts or less. A value of 0 in the 
gain word shall represent the maximum subtractive bias and a value of 32 shall 
represent zero bias. 

A.3.3.3.6 MTI Quantizer 03.- The MTI Quantizer Q3 shall be identical to the 
Normal Rank Detector Quantizer Q2 (with no Q1 noise meter loop), but shall 
interpret the digital gain only as a multiplicative bias and shall contain 
limit sensing. The gain input for center tap bias control shall be trans¬ 
mitted from the IOP to the RDAS in six MTI gain zone control words, each con¬ 
taining five gain fields of five bits each. The Difference From Maximum 
Rank-MTI (DMRM) value for the rank threshold shall be specified in bits 24 
thru 26 of Command Word 2. 

A.3.3.3.6.1 Limit Sensing.- The MTI signal shall be amplitude quantized via 
a 0 to 4 volt pot adjustable threshold. The amplitude quantized signal shall 
then be integrated with a time constant of 1 nautical mile. The integrated 
value of the video shall be compared with a 0 to 4 volt adjustable threshold 
for the purpose of determining limit video conditions. The limit signal shall 
be used for quantizer selection. 

A.3.3.4 Hit Processing and Selection.- 

A.3.3.4.1 General.- The hit processing and selection group shall contain four 
time quantizers (ÍQ0, TQ1, TQ2, and TQ3), two clutter monitors, and a hit 
selector. The time quantizers shall provide time decision logic for the ampli¬ 
tude quantized video data. 
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A.3.3.4.1 (continued) 

The strobe and clutter monitors shall provide the means for development of 
hit and zone density data for transmission to the IOP and for hit selection 
control. The hit selector logic determines which quantizer output shall be 
processed. 

A.3.3.4.2 Time Quantization.- Each time quantizer shall provide the following 
time decision functions for its respective amplitude-quantized video pulse. 

a 1 ^ d 2 1 Narrow Pulse.- The time quantizers shall reject a pulse that is 
shorter tÙn aTnin^TÎmit specified by the three bit PWNN field for TQ0 
TQ1 and TQ2 and the PWNM field for TQ3 of Command Word 0. The limit shall 
be adjustable in 1/64 nautical mile increments and range from 1/64 to 7/64 
nautical miles. 

A.3.3. i.2.2 Normal Pulse.- For a pulse longer than the minimum limit but 
shorter than or equal to a maximum limit as specified by a wire strap selection, 
the time quantizers TQ0, TQ1, TQ2 and TQ3 shall produce « "a^cal 
mile pulse. The wire strap values for maximum limit shall be different for 
the normal time quantizers (TQ0, TQ1 and TQ2) than for the MTI time quantizer 
(T03). The maximum limit shall be adjustable in 1/64 nautical mile increments 
and range from 2/64 to 31/64 nautical miles. The maximum lim^oshal¿a¿ways 
be greater than either minimum limit. PWNN for TO0. TQ1, and TQ2 or PWNM for 
TQ3. 

A 3 3 4 2 3 Wide Pulse.- For a pulse longer than the maximum limit, the time 
quantizers shall produce a single 1/64 nautical mile output pulse for each 
corre*sending consecutive whole maximum limit increment, and for any final 
reslouai fractional limit increment, they shall produce an additional single 
1/64 nautical mile output pulse. 

A 3 3 4 2.4 Pulse Position.- The time quantizers shall position the output 
P'lûe(s) to a resolution of a 1/64 nautical mile to correspond to the center 
of the amplitude-quantized pulse. This function shall perform as follows: 

a) For the output described in A.3.3.4.2.2 (a normal pulse), position 
the output pulse to correspond to the center of the amplitude 
quantized pulse. _ , _ . , ... . 

b) For the output described in A.3.3.4.2.3 (a wide pulse), position 
each consecutive output pulse to correspond to the center of 
the final maximum limit interval, whether it be whole or 
fractional. 



A 3 3.4.2.5 Range Binning Louie.- The range binning logic shall interpret 
the two bit Double Hit (DH) field in Command Word 2 to determine whether an 
additional l/64 nm pulse should be generated for each 1/64 nm time quantized 
pulse output from TQ1, TQ2, or TQ3. If DH = #. no additional pulses "ijlbe 
generated. If DH = 01, one additional 1/64 nm pulse shall be generated immed¬ 
iately adjacent to and farther in range than each 1/64 nm pulse output from 
TOI T02 and TQ3. If DH = 10, two 1/64 nm pulses shall be generated immedi¬ 
ately following in range each 1/64 nm pulse output from TQ1, TQ2, or TQ3. If 
DH = 11, three additional 1/64 nm pulses shall be generated following each 1/64 
nm pulse output from TQ1, TQ2 or TQ3. 

In any case, the range binning logic shall then convert the 1/64 nautical mile 
resolution time-quantized video to 1/16 nautical mile resolution by combining 
in an inclusive OR function four 1/64 mile increments for each 1/16 mile bln. 
For TQ$ and TQ1, the resultant time-quantized output shall be made available 
to the strobe and clutter monitors. 

A.3.3.4.3 Strobe and Clutter Monitoring.- 

a i 4 3 1 Clutter Density Logic.- Two clutter density counters, one usii.n 
î^oAut of $ and tile oÍheAhe output of TQ1, shall be provided to 
indicate the number of hits in a 1 13/16 nautical mile interval. E»ch 1/16 
nautical mile, the value in the counters shall be updated. Logic shall 
provided to detect a "0110" hit sequence. The counters shall be incremented by 
one for each hit from the respective time quantized outputs except when the 
"0110" hit sequence is detected. When this sequence is detected, the first hit 
shall increment the counter by one but the second hit shall not increment the 
counter. Concurrently, each 1/16 nautical mile a hit from the respective time 
quantized outputs, delayed 1 13/16 nautical miles, shall decrement the corres¬ 
ponding counter by one except when the "0110" hit sequence is detected. hen 
this sequence is detected, the second hit will cause a decrement of the counter. 
The counters shall be capable of counting from zero to twenty nine* ^he 
beginning of each sweep, the counters shall be reset to zero. Figure A-J 
illustrates the functional design of the clutter density logic. 

a.a.3.4.3.2 Clutter Monitor Word Development.- During each two nautical 
miles! the value in the clutter density counters shall be compared with their 
respective 5-bit clutter monitor thresholds. Clutter Threshold 1 (CT1) for 
the clutter monitor associated with TQl shall be specified in Command Woid . 
Clutter Threshold 2 (CT2) for the clutter monitor associated with TQ0 shall be 
specified in Coimnand Word 2. Sampling of the hit density counters shall h« 
performed continuously each two-mile zone. When the value in a counter is 
sampled and exceeds the threshold, a logic ONE shall be stored for that 2 nau¬ 
tical mile increment in the clutter monitor word for that counter. Thus, at 
the conclusion of each radar sweep, two 30-bit clutter monitor words represent¬ 
ing the Clutter Monitor threshold crossings for 60 nautical miles for each of 
the clutter density counters shall have been developed and made available to the 
input/output group for transmission to the I0P. 
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1 13/16 n.m. (1/16 n.m. HITS) 

Figure A-3. ROAS Clutter Density Logic 
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I IT- :- 

a a.a 4-a.a Strobe Inhibit.» The time quantized output delayed one nautical 
mile Uhe center bit of the 31-bit shift register) shall be sampled at 1/16 
nautical mile intervals. Each 1/16 nautical mile, the value in the clutter 
density counter associated with TQ1 shall be compared with a Strobe Threshold 
(ST) found in Conmand Word 1. When the value in the counter exceeds the strobe 
threshold, a strobe signal shall be generated and sent to the hit selection 
logic, and hits shall be inhibited from the normal noise meter input. The 
threshold shall be expressed by five bits and shall vary from zero to thirty- 
one. 

A.3.3.4.4 Hit Selection.- 

A.3.3.4.4.1 General.- The hit selector shall select either the output of the 
T01 or T02 hit processing (normal video) or TQ3 hit processing (HTI video) for 
further processing. The selection shall be controlled as described in 
A.3.3.4.4.2 by the appropriate zone fields of the Quantizer Select 2 and Quan¬ 
tizer Select 3 zone control words, by the declaration of a strobe condition 
by the hit count in Clutter Density Counter 1 equaling or exceeding the strobe 
threshold, or by sensing of an WTI limit video condition. The selected hits 
shall be used to develop 32 video hit words per sweep and, after hit integra¬ 
tion, to develop the predetection word and the enhanced display video. 

The quantized hit inputs shall be time aligned prior to hit selection. 

A.3.3.4.4.2 Hit Selection Equations.- The hit selection logic shall be 
designed to select the hit processing outputs of the three quantizers in 
accordance with the following logical equations. Input signals are the 
Quantizer Select 2 and 3 zone control data (QS2 and QS3), the Strobe signal 
(ST), and the (fTI Limit signal (LIM). 

Ul = QS2 
Q2 = QS2 
Q3 = QS2 

QS3 • __gr • LIM _ 
LIM + US3 • LIM + QS2 • QS3 
QS3 + QS3 • LIM + ST • ClM 

• SÎ 

The truth table from which these equations are derived is shown below for 
reference purposes: 

QS2 QS3 

0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 

ST UM 

0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 

QUANTIZER 

Q1 
Q2 
Q3 
Q2 
Q3 
Q2 
Q3 
Q2 
Q2 
Q2 

A-14 



A.3.3.4.4.2 (continued) 

QS2 QS3 ST LIM QUANTIZER 

1 0 
1 0 
1 1 
1 I 
1 1 
1 1 

1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

Q3 
Q2 
Q3 
Q3 
Q3 
Q3 

The hit selection logic will be designed in such a way that by a wire strap or 
wiring change the strobe signal may inhibit hits entirely rather than choose 
the output of one of the rank quantizers. 

A.3.3.4.4.3 Video Hit Wotd Development.- For each 30 consecutive samples of 
1/16 nautical mile range (1 7/0 nautical miles), a 30-bit video hit word shall 
be made available to the input-output group, indicating the selected time- 
quantized output tor the previous 1 7/6 nautical miles. The input-output 
group, in turn, will transmit the video hit word to the I0P each 1 7/8 nauti¬ 
cal miles. 

A total of 32 video hit words shall be required to cover the 60 nautical mile 
range. 

A.3.3.5 Hit Inteqration.- 

A.3.3.5.1 General.- Short term azimuth integration of hits shall be perform¬ 
ed by three similar sets of logic as follows: 

a) Integration of the hits from Quantizer 2 for weather hit 
sensing to enable the IÜP to sense azimuth correlation in 
weather and control rank quantizer bias for the processing 
of normal video 

b) Integration of the hits from Quantizer 3 for weather hit 
sensing to enable the I0P to sense azimuth correlation in 
weather and control rank quantizer bias for the processing 
of MTI video 

c) Integration of hits from the hit selection logic for two 
purposes: 

1) Target predetection hit generation to indicate to the 
I0P those range ceils with probable targets 

2) Display video generation to provide an enhanced video 
presentation on the system display console. 
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A.3.3.5.2 Normal and MI (giwntizer 2 and 3) Weather Hit Integration Logic.- 
The normal weather hit integration logic shall consist of a four-bit sequential 
counter capable of being up or down counted and a means of storing the counter 
value at each of the 960 range cells (16 x 60). As each cell is reached in 
realtime, the old count for that cell shall be used to preset the counter. A 
hit from the Quantizer 2 hit processor, TQ2, at that cell shall increment the 
count by either 2 or 3 as selected by the Counter Increment Normal (CIN) bit 
17 in Command Word 1. Bit 17 = 0 selects a 2 and bit 17 = 1 selects a 3. A 
miss at that cell shall decrement the count by a value of either 1 or 2 as 
selected by the Counter Decrement Normal (CDN) bit 23 in Command Word 1. Bit 
23 = 0 selects a 1 and bit 23 = 1 selects a 2. An attempt to increment the 
counter beyond the maximum value of 15 shall cause it to assume the value of 
15. An attempt to decrement the counter below 0 shall result in the counter 
remaining at 0. 

The WTI weather hit integration logic shall be identical to the normal logic 
except that it shall receive hits from the Quantizer 3 hit processor, TQ3, and 
that the counter increment and decrement bits shall be in Command Word 2. The 
Counter Increment MTI (CIM) bit is 17 and the Counter Decrement IfTI (CDM) bit 
is 23 in Comnand Word 2. Significance of the bits is the same as in the nor¬ 
mal weather hit integration. 

A.3.3.5.2.1 Normal and MTI Weather Hit Declaration.- The normal weather hit 
declaration logic shall compare the normal hit integration counter value at 
each range cell with the four-bit Weather Threshold Normal (WIN) located in 
bits 4 through 7 of Command Word 1 to obtain a weather hit/no hit indication. 
In order that only leading edge hits shall be produced, the comparison shall re¬ 
quire that only positive-going threshold crossings be recognized. The hit shall 
be produced on the sweeps in which the threshold crossing occurs. The MTI wea¬ 
ther hit declaration logic shall be identical to the normal logic except that 
the four-bit Weather Threshold MTI (WTM) located in bits 4 through 7 of Command 
Word 2 shall be used to compare with the MTI hit integration counter value. 

A.3.3.5.2.2 Normal and MTI Weather Hit Word Development.- Normal weather 
hits shall be assembled in a 30-bit shift register. Each bit of the normal 
weather hit word shall represent 2 nautical miles of range, therefore correspond¬ 
ing to the zone control data range breakdown. Any bit set in the normal 
weather hit word indicates that, at one or more of the 32 correponding 1/16 
nm increments, the normal hit integration counter value increased to equal or 
exceed the value of the weather threshold normal. The complete 30-bit normal 
weather hit word representing 60 nm of range shall be transferred to the IOP 
at the end of the sweep immediately following transfer of the predetection word 
discussed in A.3.3.5.3.1. This data shall be used by the weather hit regulation 
in the IOP for control of the bias in the normal rank quantizer, Q2. 

The KTI weather hit word shall be developed in a similar fashion.to that of the 
normal weather hit word. The complete 30-bit MTI weather hit word representing 
60 nm of range shall be transferred to the IOP at the end of the sweep immeli- 
ately following transfer of the normal.weather hit word. This data shall be 
used by the IOP for control of the bias in the MTI rank quantizer, Q3. 
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A.3.3.5.3 Selected Hit Integration Logic.- The selected hit integration logic 
shall be similar to the normal and MTI weather hit integration logic. It shall 
consist of a four-bit sequential counter capable of being up or down counted 
and a means of storing the counter value at each of the %0 range cells (16 x 
60). As each cell is reached in realtime, the old count for that cell shall 
be used to preset the counter. A hit from the hit selection logic at that 
cell shall increment the count by either 2 or 3 as selected by the Counter 
Increment Selected (CIS) bit 15 in Command Word 2. Bit 15 = 0 selects a 2 and 
bit 15 = 1 selects a 3. A miss at that cell shall decrement the count by a 
value of either 1 or 2 as selected by the Counter Decrement Selected (CDS) 
bit 16 in Command Word 2. Bit 17 = 0 selects a 1 and bit 17 = 1 selects a 2. 
An attempt to increment the counter beyond the maximum va’ue of 15 shall cause 
it to assume the value of 15. An attempt to decrement the counter below 0 
shall result in the counter remaining at 0. 

A.3.3.5.3.1 Target Predetection.- The target predetection logic shall com¬ 
pare tht selected hit integration counter value at each range cell with the 
four-bit Predetection Threshold (PT) located in bits 0 through 3 of Command 
Word 1 to obtain a hit/no hit indication. In order that only leading edge 
hits shall be produced, the comparison shall require that only positive going 
threshold crossings be recognized. The hit shall be produced on the sweep 
in which the threshold crossing occurs. Target predetection hits shall be 
assembled in a 30-bit shift register. Each bit of the predetection word shall 
represent 1 7/8 nautical miles of range (30 x 1/16 nm) and shall therefore 
correspond to one video hit word. Any bit set to ONE in the predetection word 
indicates that, at one or more of the corresponding 1/16 nm increments, the 
selected hit integration counter value increased to equal or exceed the value 
of the predetection threshold. The complete 30-bit predetection word shall 
be transferred to the I0P at the end of the sweep immediately following trans¬ 
fer of the last video hit word. It thus allows the I0P to analyze only those 
video hit words which contain potential targets. It should be noted that the 
predeicotion word only covers the first 30 of the 32 video hit words generated 
pet SM:o*p. 

A.3.3.5.3.2 Enhanced Display Video Generation.- The display video generation 
logic shall compare the selected hit integration counter value at each range 
cell with the four-bit Display Threshold (DT) located in bits 8 through 11 of 
Command Word 1 to provide a control for gating of target hit data to the PPI 
display. Whenever the selected hit integration counter value equals or exceeds 
the display threshold on any sweep, display of a target hit, if present, is 
generated. This target hit data, designated enhanced display video, shall be 
delayed by 59 nm (944 cells by 1/16 nm) to compensate for the prior 1 nm (16 
range cell) delay in target hits. This will provide range realignment to the 
analog display with a one sweep delay. 

The enhanced display output shall represent a mix of normal and MTI hits as 
determined by the two computer quantizer select words, the digitizer strobe 
signal in Clutter Density monitor 1, and the MTI limit signal. Adjustment of 
the display threshold in Command Word 1 will establish the display sensitivity 



A.3.3.5.3.2 (continued) 

and residual noise level. The enhanced display video shall be provided as an 
option to be used in place of the analog MTI input. The normal analog video 
shall be retained on the display. 

A.3.3.6 Inout/Outout.- The input/output group shall provide the interface 
for all data transferred to or from the IOP. It shall provide the specified 
buffering to match data rates between the various RDAS I/O groups and the IOP. 

The digitizer shall interface with the IOP on a single input/output channel. 
The output channel from the IOP shall provide zone control words as a normal 
output data transfer and command words as an external function data transfer. 
The input channel to the IOP shall be used to provide video hit, target pre¬ 
detector, weather hit, clutter monitor, and azimuth sweep data to the IOP as 
a normal input data transfer. Provision shall be made to interface with two 
IOPs, of which only one will be active at a time. The digitizer shall put 
output data on the lines corresponding to the IOP from which the last command 
word was received. Data formats are shown in figures A-4 through A-7. The 
least significant bit of each field is assigned the lowest bit number of the 
field. The following paragraphs detail the handling of the data by the I/O 
group. 

A.3.3.6.1 Parity Data.- The digitizer shall check parity on all words trans¬ 
ferred from the IOP and shall generate parity data for all words transferred 
to the IOP. 

Each 30-bit word transferred between the equipments shall be accompanied by 
the parity bits. One bit shall provide odd parity for the lower half word 
(bits 0 to 14) and the other bit shall provide odd parity for the half word 
(bits 15 to 29). The receipt of any woru >om the IOP with incorrect parity 
shall generate a parity error condition. . . parity error shall set an 
indicator on the digitizer and shal) be sent to the IOP in bit 16 of the 
azimuth sweep word. The data word received with bad parity shall be used by 
the digitizer until replaced with a new word from the IOP. 

A.3.3.6.2 Command Words.- Command words shall be transmitted from the IOP on 
an output channel as an external function data transfer. Command words shall 
provide parameter and mode selection data for all variables that are controll¬ 
able from the IOP but not selectable on a zone basis. The I/O group shall 
provide register storage for all data included in the command words. Command 
words shall be requested by the digitizer during dead time. The request shall 
be initiated each sweep at the beginning of dead time. The request shall be 
active until minus 1/2 nm before zero range of the next sweep. Command words 
shall be sent to the digitizer whenever the IOP determines it is necessary to 
update a parameter or select a different mode of operation. The I/O group 
shall accept a command word whenever it is transmitted from the IOP during 
this dead time period and shall immediately load the new command word into the 
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Target Predetector Word 
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Figure A-4. IOP Input Format 
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MC = Master Clear 
DVS = Display Video Select 
AC - Alans Control 
PHNM * Minimm Pulse Midth MTI 
PNNN • Miniaust Puise Midth Normal 
PNN = Percent Noise Normal 

12 Digitizer Service 
13 Zone Service * 
14 Azimuth 
15 Range 
16 Parity 

BIT 

17 

12 18 
0 0 
0 1 
1 0 
1 1 

20 

22 21 
0 0 
0 1 
1 0 
1 1 

2123 
0 0 
0 1 
1 0 
1 1 

26 25 

0 0 
0 
1 

1 
0 

1 1 

DISPUY VIDEO SELECT 

System Diagnostic Map 

Off 
Amplitude Output Ql 
Amplitude Output Q2 
Amplitude Output Q3 

MTI Limit 

Off 
QS3 = 0, QS2 = 1 
QS3 = 1, QS2 = O 
QS3 = 1, QS2 = 1 

Off 
Clutter Monitor 1 
Clutter Monitor 2 
Selected Hit Processing Output 

Off 
Weather Hit Output Normal 
Weather Hit Output MTI 
Enhanced Display Output 

.A 

Figure A-5. IOP Output Format - Command Word 0 
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COMMANL) WORD 1 

29^27 26|2S|24 22|2l|20|l9|l0 17 16 15|l4|l3|l2 |b 7M5I4 

o
 

C
M

 

C
O

 

0 0 1 
DMRN c 

D 
N 

CT1 C 
I 
N 

ST DT WIN FT 

4 2 1 16 B 4 2 1 16 8 4 2 1 8 4 2 1 8 4 2 1 8 4 2 1 

DMRN = Difference From Maximum Rank Normal QuanHzer 

CDN = Counter Decrement Normal (0 - Decrement of 1, 
1 = Decrement of 2) 

CTI = Clutter Monitor Threshold 1 

CIN = Counter Increment (0 = Increment of 2, 1 = In 
crement of 3) 

ST = Strobe Threshold 

DT = Display Threshold 

VfTN = Weather Threshold Normal 

FT = I’redetection Threshold 

COMMAND WORD 2 

29be 27 2b 2 5)24 2: 22 21 20 19 If ï 7 16 15 14 13 12 11I10 9 8 7 6 5 4 3Í2 11 |o 

f\ D MRM C 
D 
M 

CT2 C 
1 
j*L 

C 
D 
Ji 

C 
I 
s 

Nit DH 0 0 0 0 WTM 

8 4 2 1 

0 0 0 0 
V * V/ 

4 2 1 1Ó 81 21 

DMRM = Difference From Maximum Rank MTI Quantizer 

COM = Counter Decrement MTI (0 - Decrement of 1, 
1 = Decrement of 2) 

CT2 = Clutter Monitor Threshold 2 

CIM - Counter Increment MTI (0 = Increment of 2, 
1 = Increment of 3) 

CDS = Counter Decrement Selected 

CIS = Counter Increment Selected 

NB = Normal Bias (0 = Multiplicative bias for Q2, 
I = Subtractive bias for Q2) 

DH = Double Hit (DO = No double pulse generation 
01 = Additional l/64nm pulse adjacent to l/64nm 

pulse output of TQ1,2,3. 
10 = Additional l/64nm pulse 2/64nm farther in range 

than l/64nm output of TQl,2f3. 
II = Additional l/64nm pulse 4/64nm farther in range 

than l/64nm output of TQl.2,3) 

WTM = Weather Threshold MTI 

Figure A-6. I0P Output Format - Command Words 1 and 2 
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2 NM Per Bit 

QUANTIZER SELECT 2 WORD (QS2) 

29 

2 NM Per Bit 

QUANTIZER SELECT 3 WORD (QS3) 

29 27 25 20 19 14 

[ 
SA 

2 nm PER BIT 

TTR 
Bit 17=0, CMD WD 0 
Bit 17=1, CMD WD 0 

SYSTEM DIAGNOSTIC WORD (SD) 

ME = Mask Enable 
EE = End Enable 
EA = End Azimuth (LSB = 1 ACP) 

SE = Start Enable 
SA = Start Azimuth (LSB = 1 ACP) 
TTR = Test Target Range (LSB = 1/16 nm) 

29 28 23 22 17 16 11 10 5 4 

GAIN GAIN E GAIN Xgain X C#IN1 
GAIN WORDS (12 WORDS-6 NORMAL and 6 MTI) 

Quantizer Select 2 

Quantizer Select 3 

System Diagnostic Word 

6 Normal Gain Words 

6 MTI Gain Words 

Figure A-7. IOP Output Format - Zone Control Words 
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A.3.3.6.2 (continued) 

appropriate storage register. The outputs of the storage registers shall be 
provided to the various RDAS groups for use as the active values of the 
adjustable parameters. For proper on-line operation, all three command words 
shall be received after RDAS power has been off or the equipment has been off¬ 
line. See A.3.3.£.3.1, RDAS Initiation. 

A.3.3.6.2.1 Command Word Data.- Ther^ shall be three different command 
words, identified by bits 27 and 2tí. 

Command word ZERO shall contain the following data fields: 

a) Master Clear (MC) - This 1-bit field, when set to ONE in 
Command Word ¢, shall cause the RDAS to clear to an initial 
state and resynchronize. This will cause the RDAS to 
inhibit all data transfer. The RDAS is then given initial 
parameters by the transfer of the remaining command words. 
Finally, the RDAS is sent Command Word 0 with MC = 0. Upon 
receipt of this word, the RDAS will raise its Output Data 
Request IÜDR) line and receive 15 words of nominal zone control 
data. 

b) Display Video Select (DVS) - This 10-bit field shall select 
the data enabled on the synthetic video display output. 

c) Alarm Control (AC) - This 5-bit field shall control the light¬ 
ing of alarm indicators on the RDAS front panel. The indica¬ 
tor corresponding to a given bit shall be lit when the bit 
is set and off when the bit is not set. 

d) Pulse Width Minimum-^'! ) (FWNM1 - This 3-bit field shall 
provide the minimum pulse width limit used for time quantiza¬ 
tion in TQ3 of the MÏI amplitude quantized video. ’ shall 
be selectable from 1/64 to 7/b4 nm in increments of 1/64 nm. 

e) Pulse Width Vmimum-Normal (PWNN) - This 3-bit field shall 
provide the minimum pulse width limit used for time quantiza¬ 
tion in TQ0, TQ1, and TQ2 of the normal amplitude quantized 
viueo. It shall be selectable from 1/64 to 7/64 nm in incre¬ 
ments of 1/64 nm. 

f) Percentage Noise Normal (PNN) - This 6-bit field shall provide 
the percent age noise regulation value for the noise meter of 
normal quantizer 01. The value shall be selectable from 0 to 
15 3/4 percent in increments of 1/4 percent. 

Command Word ONE shall contain the following data fields: 

a) Difference From Maximum Rank Normal (DMRN) - This 3-bit field 
shall specify the number of delay line taps less than the 
maximum number which the target tap must exceed in amplitude 
for a hit declaration in the normal rank quantizer Q2. 

b) Counter Decrement Normal (CDN) - This 1-bit field shall specify 
whether a missing hit entering the sequential normal weather 
hit integration counter shall cause it to be counted down by a 
value of 1 or a value of 2. 
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A.3.3.6.2.1 (continued) 

c) Clutter Monitor Threshold 1 (CT1) - This 5-bit field shall 
specify the threshold which must be exceeded by the count 
in Clutter Density Counter 1 to enter a hit in Clutter Monitor 
Word 1. 

d) Counter Increment Normal (CIN) - This 1-bit field shall specify 
whether a hit entering the sequential normal weather hit 
integration counter shall cause it to be counted up by a value 
of 2 or by a value of 3. 

e) Strobe Threshold (ST) - This 5-bit field shall specify the 
threshold which must be exceeded by the count in clutter density 
counter 1 in order to generate a strobe signal to affect hit 
selection. 

f) Display Threshold (DT) - This 4-bit field shall specify the 
threshold which the value in the hit integration counter must 
equal or exceed to allow display of enhanced display video. 

g) Weather Threshold Normal (WTN) - This 4-bit field shall specify 
the threshold which the value in the normal weather hit inte¬ 
gration counter must equal or exceed upon increasing from a 
lower value to cause a hit to be entered into the normal 
weather hit word. 

h) Predetection Threshold (PT) - This 4-bit field shall specify 
the threshold which the value in the selected hit integration 
counter must equal or exceed upon increasing from a lower 
value to cause a hit to be entered into the target predetector 
word. 

Command Word TWO shall contain the following data fields: 

a) Difference From Maximum Rank MTI (DMRN) - This 3-bit field 
shall specify the number of delay line taps less than the 
maximum number which the target tap must exceed in amplitude 
for a hit declaration in the MTI rank quantizer Q3. 

b) Counter Decrement MTI (CDM) - This 1-bit field shall specify 
whether a missing hit entering the sequential MTI weather hit 
integration counter shall cause it to be counted down by a 
value of 1 or a value of 2. 

c) Clutter Monitor Threshold 2 (CT2) - This 5-bit field shall 
specify the threshold which must be exceeded by the count in 
Clutter Density Counter 2 to enter a hit in Clutter Monitor 
Word 2. 

d) Counter Increment MTI (C1M) - This 1-bit field shall specify 
whether a bit entering the sequential MTI weather hit integra¬ 
tion counter shall cause it to be counted up by a value of 2 
or by a value of 3. 

e) Weather Threshold MTI (WTM) - This 4-b.it field shall specify 
the threshold which the value in the Mil weather hit integra¬ 
tion counter must equal or exceed upon increasing from a lower 
value to cause a hit to be entered into the MTI weather hit 
word. 
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A.3.3.6.2.1 (continued) 

n Normal Bias (NB) - This 1-bit field shall specify whether the 
normal quantizer Q2 shall interpret the normal gain words as 
multiplicative or subtractive biases to be applied to the center 
tap. When NB is set to zero, a multiplicative bias shall be 
employed. When NB is set to one, a subtractive bias shall be 
used. 

A.3.3.6.3 Zone Control Words.- Zone control iniormation shall be transmitted 
frrm the IOP on the same output channel as the command words. The information 
shall be transmitted by normal output data transfer (while command words shall 
be transferred by an external function transfer). Zone control information 
shall be transmitted by five word types: Quantizer Select 2 Word, Quantizer 
Select 3 Word, a system diagnostic word, scan correlated feedback normal gain 
words (6 words required), and scan correlated feedback MTI gain words (6 words 
required). Zone control information shall be requested by the digitizer only 
in dead time. 

A.3.3.b.3.1 RDAS Initiation.- Initiation (or re-initiation) of the RDAS shall 
be performed under IOP control via the following functional sequence: 

a) The RUAS shall be sent Command Word 0 with the Master Clear 
(M( ) bit set to ONE. Upon receipt of the external function 
word, the RUAS shall inhibit all data transfer to the IOP. 

b) The RUAS shall be sent operating parameters via Command Words 
1, and 2, and then shall be sent Command Word 0 (with MC = 0). 
Upon receipt of the latter word, the RDAS shall raise its Out- 
put Data Request (OUR) line to receive 15 words of nominal 
zone control data (two quantizer select words, one system 
diagnostic word, and twelve gain words). The RDAS shall begin 
processing at the next radar trigger following receipt of the 
15 zone control words. 

c) The first word placed in the computer's input buffer shall be 
the video hit word first assembled by the RDAS after the next 
range zero trigger. 

d) The RDAS shall sense zone boundary crossings every 32 ACPs, and 
when one is detected shall raise its ODR to accept data for the 
next zone. 

e) The RDAS shall have its External Function Request (EFR) line 
raised whenever it can accept new command words (from the be¬ 
ginning of dead time to -1/2 nautical miles before the next 
zero range). 

A.3.3.6.3.2 Zone Control Data.- The fifteen zone control words shall contain 
data as explained in the following paragraphs. 
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A.3.3.6.3.2.1 Quantizer Select 2 and 3 Words.- The Quantizer Select 2 and 3 
words shall each be divided into thirty 1-bit fields. Each field shall 
represent a zone range interval (2 NM), and a logic ONE shall indicate the 
selection of the respective quantizer (2 or 3) for the zone in the absence 
of strobe or limit conditions. When both QS2 and QS3 are set to logic ONE 
at a given bit position, Q3 shall be selected even if the limit condition 
exists. The least significant bit (bit 0) shall represent the earliest zone, 
and all others follow in increasing range order. The Quantizer Select 2 
and 3 words shall be presented to the digitizer by the TOP at the beginning 
of each 32 ACP sector. The digitizer shall store the Quantizer Select 2 and 
3 words at the beginning of the sector for use in zones within this sector. 

A.3.3.6.3.2.2 System Diagnostic Word.- The system diagnostic word shall be in¬ 
terpreted by the RDAS in two distinct manners depending upon whether bit 17 
in the display video select field of Command Word 0 is set to zero or one. 

If Bit 17 in Command Word 0 is set to zero, the system diagnostic word shall 
be interpreted by the RDAS to determine the position and width of a Realtime 
Quality Control (RTQC) test target. When this word is received and a test 
target is not already being generated, the Start Enable (SE) field shall be 
checked to determine if an RTQC target should be generated at the range 
specified in Test Target Range (TTR) field (see figure A-7). If SE is set, 
bit 27, the Mask Enable (ME), will be checked to determine whether the masking 
of video is desired in the vicinity of the target to be generated. If ME 
is set, the RDAS, will begin to mask video at the azimuth specified in the 
Start Azimuth (SA) field and extending in range from TTR - 1/4 nm to TR + 
3/16 nm. Since the SA field is only 5 bits, the actual azimuth at which the 
mask starts will be the beginning azimuth for the zone sector (ZCA) to 
«hich the zone data corresponds plus SA. The test target will be generated 
at TTR in range and at ZCA+SA+16 ACP. If ME is not set, no mask will be 
generated bat the target will still begin at ZCA+SA+16 ACP. 

If a test target is already being generated, the RDAS will check bit 26, End 
Enable (EE), to determine whether the target should be ended. If EE is set, 
the target will be ended at ZCA+EA ACP and the mask (if enabled) will be ended 
at ZCA+EA+16 ACP. 

If EE is not set, the target will be generated until the end of the 32 ACP 
zone sector and throughout the following sectors until a diagnostic word 
is received with the EE field set. When this occurs, the target will be ended 
at ZCA+EA ACP and the mask (if enabled) will be ended at ZCA+EA+16 ACP, where 
ZCA is the beginning azimuth for the zone sector to which the SD word con¬ 
taining the set EE field corresponds. 

If bit 17 in Command Word 0 is set to one, the system diagnostic word shall be 
interpreted not ns an RTQC test target word but as a word containing thirty 
1-bit fields. Each field shall represent a zone range interval (2 nm). A 
logic one shall result in the RDAS display output being turned on for that 2 
NM. The least significant bit (bit 0) in this zone word shall represent the 
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A.3.3.6.3.2.2 (continued) 

earliest zone and all others follow in increasing range order. The system 
diaanostic word shall be presented in the RDAS by the IOP following the 
transfer of the quantizer select words. The RDAS shall store the system 
diaSnostic word 2t the beginning of the sweep in which the zones begin for 

use within those zones. 

A 'i ^ 3 2 3 Normal Gain Words. - Each of the six normal gain words shall 
coru.n gain data for the n.r^T rank quantizer, Q2. ior ti,e consecu i.. 
9 Nil rnnes The 5-bit coin field shall provide 32 values used to bias 
the ampliti.de of the target tap output in the normal rsnk quantizer delay 
line within the zone. Zones of increasing range within the normal gain word 
are arranged in the order of increasing bit numbers. The normal gain words 
shall be transferred following transfer of the system diagnostic word. 
Succès si v^norma^ga i n words shall ha transferred in the order of .„creasing 

range. 

a 9 3 A 3 2 4 r.fTI Gain Words. - Each of the six MTI gain words shall contain 
gain^data for the m rTnMuantizer Q3. for five consecutive 2 NM «ones 
The 5-bit gain field shall provide 32 values used to bias the amplitude of 
the taraeAap output in the WTI rank quantizer delay line within the zone, 
zones of increasing range within the >tn gain "f * 
of increasing bit numbers. The Mil gam words shall be toliowing 
transfer of the normal gain words. Successive WTI gain words sh 1 
transferred in the order of increasing range. 

A 3 3 6 3.3 Zone Data Synchronization.- All zone data shall remain 
fir the'32 ACPs d¿fiílíg n z.nne and shall be the. 
A complete set of zone data (15 words) shall be »»»l able 
at the beginning of each set of azimuth zone boundaries. All range delays 
; thin zones (in applying range control data) shall be provided b, the RDAS. 

A 3 3 6 3 4 Znne Service Alarm.- A zone service alarm condition shall be 
generated7if the sixth (last) Mil gain word for a zone has beenjrece 
by the digitizer by the end of the dead time preceding the second sweep 

of the zone. 

The zone service alarm condition shall be transferred to the IOP as bit 13 

in the azimuth sweep word. 

A 3 3 6 4 Output Word Processing.- The merging of all output words for 
transfer to the IOP shall be performed by the I/O group as follows. 

a) Virieo hit word - 
23 microseconds) 

transferred once every 1 14/16 NM (approximately 
starting after range zero and continuing to 

A-27 



A.3.3.6.4 (continued) 
a) (continued) 

maximum range. Video hit words shall be presented to the IOP 
in increasing range order. 

b) Target oredetector word - transferred once a sweep immediately 
following the last video hit word 

c) Wermal weather hit word - transferred once a sweep immediately 
following the target predetector word 

d) Mil weather hit word - transferred once a sweep immediately 
following the normal weather hit word 

e) Clutter Monitor Word 1 - transferred once a sweep immediately 
following the KTI weather hit word 

f) Clutter Monitor Word 2 - transferred once a sweep immediately 
following the Clutter Monitor Nord 1 

g) Azimuth sweep word - transferred once a sweep immediately 
following the clutter monitor word. 

All words shall be transferred as normal input data transfers. A two-word 
output buffer shall be provided for video hit words. The first buffer shall 
receive each complete video hit word from the hit logic and shall feed the 
second buffer when it becomes available. The second buffer shall feed 
the IOP. 

A.3.3.6.4.1 ROAS Service Alarm.- An RDAS service alarm condition shall 
be generated when the video hit word in the second buffer has not been trans¬ 
ferred before the next one is generated. For this condition, the unserviced 
video hit word shall be destroyed. 

The RDAS service alarm condition shall be transferred as part of the azimuth 
sweep word. 

A.3.3.6.4.2 Output Word Data.- 

A.3,3.6.4.2.1 Video Hit Word.- The video hit word shall be divided into thirty 
1-bit fields. Each field shall represent a 1/16 NM range interval and shall 
indicate whether a hit occurred during the interval. The least significant 
bit (bit 0) shall represent the earliest range and all others shall follow 
in increasing range order. A logic ONE shall represent a video hit. The 
complete 30-bit word shall represent 1 7/8 NM. 

A.3,3.6.4.2.2 Target Predetector Word.- The target predetector word shall 
be divided into thirty 1-bit fields. Each field shall represent a range 
interval of 1 7/8 NM, and a logic ONE shall indicate that the count in the 
selected hit integration counter at one or more of the 1/16 NM cells of 
the corresponding 1 7/8 NM interval has increased to equal er exceed the Pre¬ 
detection Threshold (PT) on that sweep period. Each bit therefore shall cor- 
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A.3.3.6.4.2.2 (continued) 

respond to one of the first 3^ of the 32 video hit words with the least 
significant bit (bit 0) representing the earliest interval and all others 
following in increasing range order. 

A.3.3.6.4.2.3 Normal Weather Hit Word.- The normal weather hit word shall 
be divided into thirty 1-bit fields. Each field shall represent a range 
interval of 2 NM and a logic ONE shall indicate that the count in the 
normal hit integration counter at one or more of the 1/16 NM cells of the 
corresponding 2 NM interval has increased to equal or ex.eed the Weather Thres¬ 
hold Normal (WTN) in Command Word 1 on that sweep period. Each bit therefore 
shall correspond to one of the thirty 2 NM zones with the least significant 
bit (bit 0) representing the earliest zone and all others following in in¬ 
creasing range order. 

A.3.3.6.4.2.4 MTI Weather Hit Word.- The NTT I weather hit word shall be similar 
to the normal weather hit word except that the count in the MTI hit in¬ 
tegration counter shall be compared with the Weather Threshold MTI (WTM) 
in Command Word 2. 

A 3.3.6.4.2.5 Clutter Monitor Word 1.- The Clutter Monitor Word 1 shall be 
divided into thirty 1-bit fields. Each field shall represent a zone range 
interval (2 NM) and a logic ONE shall indicate that the selected Clutter 
Monitor Threshold 1 (CT1) in Command Word 1 has been exceeded within the 
zone by the value in Clutter Density Counter 1. The least significant bit 
(bit 0) shall represent the earliest zone and all others follow in increasing 
range order. 

A.3.3.6.4.2.6 Clutter Monitor Word 2.- The Clutter Monitor Word 2 shall be 
similar to Clutter Monitor Word 1 except that the count in Clutter Density 
Counter 2 shall be compared with Clutter Monitor Threshold 2 (CT2) in Command 
Word 2. 

A.3.3.6.4.2.7 Azimuth Sweep Word.- The azimuth sweep word shall be divided 
into three fields: 

a) Azimuth - A 12-bit azimuth field shall indicate the azimuth 
(in ACPs) of the sweep. 

b) Alarms - In this 5-bit field, a logic ONE shall indicate the 
presence of an alarm. 
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1) RDAS Service Alarm - This alara shall indicate that data has 
been lost due to a failure in IOP service. 

2) Zone Service Alara - This alara shall indicate that all zone 
control words were not transferred to the RDAS by the end of 
the dead time preceding the second sweep of a zone. 

3) Azimuth Alarm - This alarm shall indicate loss of ACPs or loss 
of ACPs or loss or improper occurrence of ARPs. 

4) Range Alarm - This alarm shall indicate loss or excessive jitter 
of radar triggers. 

5) Parity Alarm - This alarm shall indicate a parity error in any 
message received from the IOP. 

r) Svnc Field Bits - The 13-bit sync field shall be a fixed field 
consisting of alternating •'ones" and "zeros” with bit 29 set to 
ONE. 

A.3.3.6.5 IOP Output Channel Communication Procedures.- The communication 
channel from the IOP (i.e., the lOP's output channel) to the RDAS shall con¬ 
tain the control and data lines illustrated in figure A-8. For reference, 
see "Univac SB-10205(A) Input/Output Channel Characteristics (IOP)." Tfco 
types of data transfer, an external function or a normal data transfer, shall 
occur on the channel. Figure A-9 illustrates a timing diagram of the inter¬ 
face. The following paragraphs detail the communication procedure for each 
type of data transfer. 

A.3.3.6.5.1 External Function Transfer.- 

a) The RDAS shall set the external function request line at the 
beginning of dead time. 

b) The IOP shall place an external function code word on the out¬ 
put data lines. 

c) The IOP shall set the external function acknowledge line (to 
indicate that the external function code word is on the output 
data lines). 

d) The RDAS shall detect the setting of the external function 
acknowledge line and accept the external function code word 
which is on the output data line. 

e) The RDAS shall clear the external function request line at 
-1/2 nautical mile and set it again when ready to accept an¬ 
other external function code word. The RDAS shall recognize and 
process correctly an external function transfer until 1/4 
nautical mile. 

f) The IOP shall clear the external function acknowledge line 
before it places the next word on the output data lines. 
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(a) lOP Output/Digitizer Communication Interface 

(b) I0P Input/RUAS Communication Interface 

Figure A-8. IOP/RDAS Communication Interface 
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Note: Upper levels are logical ONE; lower levels are 
logical ZERO 

Figure A-9. Signal Timing, IOP Output Channel 
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A.3.3.6.5.2 Normal Data Transfer.- 

a) Wi.en the KUAS requires data, it shall set the lOP's output data 
request line. 

b) The IOP shall detect the setting of the output data request 
line and place a word of data on the lOP's output data lines. 

c) The IOP shall set the output acknowledge line (to indicate 
that a word of data is on the output data lines). 

d) The ROAS shall detect the setting of the output acknowledge 
line and accept the word of data on the output data lines. 

e) The ROAS shall reset the output data request line after accept¬ 
ing the word of output data. 

f) The IOP shall clear the output acknowledge line and detect 
the clearing of the output data request line by the ROAS before 
it places the next word on the output data lines. 

A,3.3.6.6 TOP Input tHannei tumnunication Procedures,- The communication 
channel to the IOP from the ROAS shall contain the control and data 
lines illustrated in figure A-8. For reference, see "Univac SB-10205(A) 
Input/Output Channel Characteristics (IOP)". Only one type of data transfer, 
a normal data transfer, shall occur on the channel. Figure A-10 is a timing 
diagram of the interface. The following detail« the communication procedure. 

A.3.3.6.6.1 Normal Op. ta pansier. - 

a) The ROAS shall place a word of data on the lOP’s input data lines. 
b) The ROAS shall set the input data request line (to indicate 

that a word of data is on the input data lines). 
c) The IOP shall detect the setting of the input data request line 

and accept the input data word. 
d) The TOP shall set the input acknowledge line (indicating that 

it has read the data word on the input data lines). 
e) The RDAS shall detect the setting of the input acknowledge 

line and shall clear the input data request line. 
f) The IOP shall clear the input acknowledge line before accepting 

another input data transfer. 

A.3.3.7 Maintenance Provisions.- 

A.3.3.7.1 General.- Provision for operational and maintenance testing of the 
RDAS alone and of the complete system shall be included in the equipment. 
Test capabilities shall be divided into the following categories: 

a) Realtime, on-line system checking by use of a RealTime Quality 
Control (RTQC) test target. Generated with known parameters 
and inserted at the quantizer inputs, it shall permit the IOP 
to continually monitor system operation. 
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NOTE: Upper levels are logic ONE; lower levels are logic ZERO 

Figure A-10. Signal Timing, IOP Inp*(t Channel 



A.3.3.7.1 (continued) 

b) On-line system testing in which the IOP transmits video hit 
patterns to both RDAS quantizers through the twelve zone control 
gain words. Checking of RDAS response to these patterns shall 
be performed in the IOP. 

c) Off-line RDAS testing in which command word data and video 
hit patterns are set up and inserted manually at the RDAS 
with no communication required to the IOP. 

d) Alarm monitoring, in the RDAS, of range and azimuth timing, 
IOP input message service, and IOP output message service and 
parity generation. 

The RTQC and alarm functions shall be continuous and not require operator 
initiation. The off-line testing shall require set up and initiation by an 
operator at the RDAS. 

A.3.3.7.2 RTQC Test Target.- The RDAS shall generate an RTQC test target 
once per scan under computer control to be inserted into the input of all 
quantizers. The range of this target shall be determined by the TTR field 
in the system diagnostic word. The azimuth shall be determined by the SA 
field and the Zone Crossing Azimuth (ZCA)isee A-3.3.6.3.2.2). If enabled, 
a mask area shall be generated in the area surrounding the test target and 
shall be applied to inhibit live video to eliminate interference with the 
RTQC target. 

A.3.3.7.2.1 RTQC Mask Characteristics.- The RTQC mask shall have the follow 
ing characteristics: 

ZCA + SA ACP 

Variable 

Azimuth Start: 

Azimuth Width: 

Range Start: 

Range Width: 

TTR-1/4 NM 

1/2 NM 

A.3.3.7.2.2 RTQC Target Characteristics.- The RTQC test target shall have 
the following characteristics: 

Azimuth Start: 

Azimuth Width: 

Range : 

ZCA+SA+16 ACP 

Variable 

TTR NM 

A.3.3.7.3 On-Line System Test. 
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A.3.3.7.3.1 Test Initiation.- The on-line syste« test shall require a switch 
on the RDAS to be changed from the normal to the test position. It shall 
also require the IOP to send data patterns in the gain zone control words 
which represent 1/64 NM hits and to check the incoming data from the RDAS 
for accuracy. In this on-line test mode, the RDAS shall do the following: 

a) The RDAS shall use a fixed value of gain of unity in the normal 
and HfTI rank quantizers instead of the zone control word gain. 

b) The RDAS shall raise the output data request signal each 
sweep in order to bring in "zone control" target data each 
sweep period. 

c) The RDAS shall shift the test target data into the inputs of 
all quantizers at a 1/64 NM per bit rate. With all 30 bits 
used in each of the 12 gain words, a total of 360 bits cover¬ 
ing from 0 through 5 5/8 NM may be inserted. The same 360- 
bit sequence shall be shifted into the inputs of all three 
quantizers every 6 nautical miles until maximum range. 

d) All other RDAS functions shall perform normally. 

A.3.3.7.3.2 Test Operation.- The IOP shall manipulate command word and zone 
control video select word parameters to the RDAS as well as the hit patterns 
to test dynamically the system operation. 

A.3.3.7.4 Off-Line RDAS Test.- 

A.3.3.7.4.1 Test Initiation.- The off-line RDAS test shall require a switch 
on the RDAS to be changed from the on-line to the off-line position. This 
action shall inhibit all data transfer between the RDAS and the IOP. Further, 
it shall enable the operation of the features of the off-line digitizer test 
described below. 

A.3.3.7.4.2 Interna? Timing.- The RDAS shall be capable of generating inter- 
nal radar triggers for maintenance operation in the off-line mode. Internal 
radar triggers may be generated by allowing the range counter to free run and 
by using the maximum range decode as the radar trigger. When in this mode 
of operation, azimuth triggers may be taken from the normal external source 
or from the internal radar triggers. Manual single pulse generation of 
the radar triggers or azimuth triggers shall be permitted. 

A.3.3.7.4.3 Manual Parameter and Data Loading.- The RDAS, when off-line, 
shall have the following capabilities: 

a) Manual individual data selection and loading of Command Words 
0. 1 and 2 
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A.3.3.7.4.3 (continued! 

b) 

c) 

d) 

e) 

f) 

manual individual data selection and loading of Quantizer 
Select 2 and 3 and system diagnostic zone control words 
Manual individual data selection and loading of the six normal 
and the six MTI gain zone control words. These shall be in¬ 
terpreted as gain data if the Normal/Test switch is in the 
"Normal" position and hit data if the Normal/Test switch is 
in the "Test" position. 
Manual selection of an automatic trigger stop at the end of 
the sweep preceding the first sweep of the RTQC target 
Manual single sweep operation when in the trigger stop 

Manual selection of a trigger stop at zero range with ®aP" 
ability of single stepping the range counter in either l/b4 
or 1/16 nautical mile increments. A switch shall be provided 
to select the single step range increment. 

A-3.3.7.4.4 Test Data Displa_y.- 
capability shall be provided in 
checking. 

The following data display and selection 
the RDAS to provide for operational and test 

a) 
b) 

c) 

d) 

ndicators for each bit of data in Command Words 0. 1 and .. 
ndicators for display of 30-bits of zone control data and 
witch selection to permit choice of the Quantizer Select 2, 
he Quantizer Select 3. the system diagnostic, or any one 
f the 12 gain words at a time 
ndicators for the display and holding of any message from 
he digitizer to the IOP (30 data plus 2 parity) 
witch selection to permit display and holding of any 
'ni 1owino messaaes on the indicators as referred to in d) above 

1) Video hit word (only word 1 from 0 to 1 7/8 NM) 
2) Target piedetector word 
3) Normal weather bit word 
4) MTI weather hit word 
5) Clutter Monitor Word 1 
6) Clutter Monitor Word 2 
7) Azimuth sweep word 

e) 

f) 

g) 
h) 
i) 

Indicators for the hit density counter 
from zero to 1 15/16 nautical miles in 
Indicators for the normal weather, WIT 

containing the count 
range 
weather, and selected 

it integration counters 
ndicators for the range counter 
ndicators for the azimuth counter 
ndicators for such other control logic as is deemed advisable 
or the achievement of a low mean time to repair. 
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A.3.3.7.5 Alaras. 

A.3,3.7.5,1 General.- Critical points in the RDAS shall be monitored to 
permit fault detection and correction. The RDAS shall provide visual 
indicators for alarm conditions which shall light on-line when the related 
alarm control bit in Command Word 0 is set. Off-line, the indicator shall 
light directly upon occurrence of the alarm condition. The alarm indi¬ 
cator lights shall be reset manually off-line and upon receipt of a reset 
alarm control field in Comnand Word 0 when on-line. The alarm conditions 
shall be sent to the IOP in the azimuth sweep word no more than once per 
scan. The azimuth and range alarms shall be isolated such that the conditions 
which cause one shall not of themselves cause the other. Off-line, an 
azimuth alarm indicator existing at the end of an antenna scan period shall 
be reset by the receipt of the next ARP. 

A.3.3.7,5.2 Azimuth Alarm.- The azimuth alarm shall sense the following 
condition: 

a) Loss of ACPs sensed by counting 4 radar triggers between ACPs 
b) Loss or improper occurrence of ARPs sensed by noting a value 

in the azimuth counter other than 4095 when an ARP is received, 
or by not receiving an ARP when the count does equal 4095. 

A.3.3.7.5.3 Range Alarm.- The range alarm shall sense the following condi 
tions (see A.3.3.2.4): 

a) Loss of radar triggers 
b) Excessive jitter relative to the range counter. 

A.3.3.7.5.4 Zone Service Alarm.- The zone service alarm shall detect and 
indicate that the TOP has not transferred all zone control data to the 
digitizer within two sweeps. 

A.3.3.7.5.5 RDAS Service Alarm.- The RDAS service alarm shall detect that 
the IOP has not adequately serviced the RDAS output channel. 

A.3.3.7.5.6 Parity Alarm.- The parity alarm shall detect parity error in 
any message received from the IOP. 
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A.3.3.7.5.7 Alarm Reporting.- The alarn. conditions sensed by the RDAS shall 
be included in the status portion of the azimuth sweep word for reporting 
to the I0P. The alarms shall be reported or combined in the following 
manner: (also see figure A-4): 

Bit No. Alarms 

12 
13 
14 
15 
16 

RDAS service alarm 
Zone service alarm 
Azimuth alarm 
Range alarm 
Parity alarm 

A.3.3.8 Outputs for Display.- The following outputs from the RDAS shall 
be available on a single output line for entry via the synthetic video input 
to the system display. The display of these signals is intended for either 
operational or maintenance purposes and, therefore, shall be supplied 
whether the digitizer is on-line or off-line. Each display signal shall be 
individually selected by decoding the Display Video Select (DVS) field of 
Command Word 0. The pulse width of each display signal shall depend upon 
the nature of the information contained within the signal. Signals indicating 
outlines or single range cell conditions (as opposed to mapped areas) shall 
be displayed with a standardized pulse width. The pulse width shall be sel¬ 
ectable by wire strap from 1/32 to 1/8 NM in 1/32 NM increments. The mapped 
areas shall be displayed with a pulse width equal to the range extent of 
the map signal and with sweep interval modulation. 

The modulation interval (non-displayed sweeps) shall be selectable by wire 
strap from zero to seven sweeps in increments of one sweep. Once selected, 
one pulse width strapping and one sweep modulation apply for all signals 
requiring those parameters. 

A.3.3.8.1 System Diagnostic Map.- The system diagnostic map signal shall 
display the data received from the TOP in the system diagnostic map zone 
control data word. It shall be selected by bit 17 in the DVS field of 
Command Word 0. Sweep interval modulation shall follow the strapping des¬ 
cribed in A.3.3.8. 

A.3.3.8.2 Amplitude Output-Normal Quantizer 1.- The output of Normal Quantizer 
1 shall be available for display and shall be selected by bit 18 in the 
DVS field of Command Word 0. Pulse width shall follow the strapping des¬ 
cribed in A.3.3.8. The pulses shall be present on each sweep period. 



A.313.ò.3—Amplitude Output-Normal Quantizer 2.- The output of Normal (rank) 
Quantizer 2 shall be available for display and shall be selected by bit 
19 in the DVS field of Command Word 0. Pulse width and repetition rate are 
the same as for the Normal Quantizer 1 above. 

A-3-3.0-4_Amplitude Qutput-WTI Quantizer 3.- The output of MTI Quantizer 
3 shall be available for display and shall be selected by bits 18 and 19 
in the DVS field of Command Word 0. Pulse width and repetition rate are 
the same as for the normal quantizers above. 

gjLíLSLã_WH Limit.- The WTI Limit signal shall be available for display 
and shall be selected by bit 20 in the DVS field of Command Word 0. Sweep 
interval modulation shall follow the strapping described in A.3.3.8. 

A.3;3,8.6 Quantizer Select 2.- The Quantizer Select 2 zone data shall be 
available for display and shall be selected by bit 21 in the DVS field 
of Command Word 0. In the absence of strobe or MTI limit conditions, it 
shall represent the area in which Normal Quantizer 2 is selected for hit 
processing. Sweep modulation shall follow the strapping described in A.3.3.8 

flißi3|8,7—Quantizer Select 3.- The Quantizer Select 3 zone data shall be 
available for display and shall be selected by bit 22 in the DVS field of 
Command Word 0. In the absence of strobe or WTI limit conations, it shall 
represent the area in which WTI Quantizer 3 is selected fo ,iit processing. 
Sweep modulation shall follow the strapping described in A.3.3..8. 

4_,3_.3.8,8 Quantizer Select 2 and 3.- When both bits 21 and 22 are selected 
in the DVS field of Command Word 0, the signal shall always represent the 
area in which Quantizer 3 is selected for hit processing. Sweep modulation 
shall follow the strapping described in A.3.3.8. 

A.3.3,P,9 Clutter Density 1 Map.- An output shall be available for display 
during the time that the Clutter Density Monitor 1 threshold is exceeded 
(see A.3.3.4.3.2.) It shall be selected by bit 23 in the DVS field of Command 
Word 0. 

A.3.3.B.10 Clutter Density 2 Map.- An output shall be available for 
display during the time that the Clutter Density Monitor 2 threshold is 
exceeded (see A.3.3.4.3.2.) It shall be selected by bit 24 in the DVS field 
of Command Word 0. 
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A 3 3 8 11 Selected Hit Processing Output.- The processed hit output of 
the*hit selection logic shall be available for display and shall be selected 
for display by bits 23 and 24 of the DVS field of Command Word 0. Pulse 
width shall follow the strapping of A.3.3.8. The pulses shall be present 
on each sweep period. 

A.3.3.8.12 Weather Hit Output Normal.- A 1/I6th nautical mile pulse output 
shall be available for display each time a normal weather hit is generated 
(see A.3.3.5.2.1). It shall be selected by bit 25 in the DVS field of Command 
Word 0. 

A.3.3.8.13 Weather Hit Output mi.- A l/16th nautical mile pulse output 
shall be available for display each time an WTI weather hit is generated 
(see A.3.3.5.2.1). It shall be selected by bit 26 in the DVS field of Command 

Word 0. 

A-3.3.8.14 Enhanced Video Display (Hit Processed).- The output of the hit 
processing logic after hit selection and display video hit integration (see 
A 3 3.5.3.2) shall be available for display. It shall be selected by bits <-5 
and 26 in the DVS field of Command Word 0. Pulse width shall follow the 
strapping of A.3.3.8. The pulses shall be present on each sweep period. 

A.3.4 Pesian and Construction.- 

A.3.4.1 General.- 

The RDAS shall be built using the Contractor’s standard construction techniques 
wherever possible. The RDAS shall be housed in a cabinet with self-contained 

power. 

The cabinet shall not require rear access for either operation or maintenance 
purposes. The operational and maintenance indicators shall be mounted on 
plug-in printed circuit boards wherever possible. Switches shall also be 
mounted on plug-in printed circuit boards wherever possible. Operating 
modes and site options shall be selecteble by changing wires on a wire strap 
board. Test points shall be provided for radar pretrigger, normal video, 
WTI video, ACP, ARP, normal hits and WTI hits. They shall be individually 
labeled and readily accessible. 

Combination pushbutton/indicators shall be used wherever both display 
and manual data entry are required,such as for command and zone control 
word data. 
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A.3.4.2 Environmental Reauireaents.- The RDAS shall operate under the 
environmental conditions specified in FAA-€-2100/la, Environment I, for 
equipment installed in an attended facility: 

Temperature +10°C to 50°C 
Relative Humidity 10 to 80% 

A.3.4.3 Cables.« The RDAS shall have the interface connectors mounted on 
it. The computer supplier shall supply the cabling between the RDAS and all 
other equipment. Cables shall enter the top of the digitiser cabinet and 
shall be connected within the cabinet. 

A.3.4.4 Documentation.- Formal manuals and manufacturing drawings shall 
be provided with the RDAS. Section 3.10.13 of FAA-TD/S-120-801A shall apply. 

A.3.4.5 Reliability.- This section specifies the reliability requirements 
for the Radar Data Acquisition Subsystem equipment. 

A.3.4.5.1 Reliability Definitions.- 

A.3.4.5.1.1 Mean Time Between Failure (MTBF).- Mean Time Between Failure 
is defined as the reciprocal of unit failure rate expressed in hours (MTBF 
= 1/A where A equals unit failure rate). 

A.3.4.5.1.2 Unit Failure Rate (A).- Unit failure rate is defined as the sum 
of the individual component density failure rates within a unit. The indi¬ 
vidual component density failure rate is the number of components times the 
expected failure rate for that component type. 

A.3.4.5.1.3 Mean Time To Repair (MTTR).- Mean Time to Repair is defined as 
the mean time to effect repair of the unit to put the unit in an "up" con¬ 
dition. 

A.3.4.5.1.4 Mean Up Time (MUT).- Mean Up Time is defined as the mean time 
to a failure of the system given that the system was performing its intended 
function at time zero. 

A.3.4.5.1.5 Mean Down Time (MPT).- Mean Down Time is defined as the mean 
time to effect repair of.the system sufficient to put the system in condition 
to perform its intended function. 
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A.3.4.5.1.6 Availability (A).- The intrinsic availability is expressed as 
follows: 

a) For the system, MUT/ (MUT + MOT) 
b) For the subsystem, MTBF/ (MTBF + MTTR). 

A.3.4.5.1,7 Classes of Failures.- 

a) Transient failure - Self-clearing transient disturbances, 
such as transient parity errors, which do not require deactiva¬ 
tion of an active unit. 

b) Non-transient failure - Non-clearing failures of an active unit 
requiring deactivation of this unit. 

A.3.4.5.2 Subsystem Reliability.- 

A.3.4.5,2.1 Radar Data Acquisition Subsystem (RDAS).- The RDAS shall exhibit 
an MTBF equal to or greater than 5 x 10^ hours and an MTTR equal to or less 
than 0.5 hours (assuming spare part availability). 

A.3.4.5.3 Component Reliability.- The reliability of control switches, 
indicator lights, and lamps shall be as specified in FAA-TD/S-120-801A. 

A.3.4,6 Maintainability.- The software and hardware maintenance features 
shall provide the means to meet the MDT and MTTR requirements set forth 
in section A.3.4.5. The Contractor will be guided by section 3.9 of FAA-TD/S 
-120-801A in maintenance approach and maintenance features. 

A.3.5 External Interfaces.- The electrical characteristics of the interface 
between the RDAS and external equipment shall be as indicated in the follow¬ 
ing paragraphs. 

A.3.5.1 Input Power.- The RDAS shall require as a primary input power a 
120-volt single phase source. The estimated requirements for input power 
are as delineated below. 
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Type 
Power 
Current 
Frequency 

1 Phase. 2 Wire. 120 Volts 
1.6 KVA 
ISA 
60 Hz + 3* 

A.3.5.2 Bular Sensor.- The ROAS shall interface with radar sensors having 
the following systew parameter and electrical characteristics: 

A.3.5.2.1 System Parameters.- 

PRF 713 to 1200 pps 

The digitizer shall accept a staggered type PRF with 
up to six stagger periods that fall within the 713 
to 1200 PRF range. 

Transmitted radar 
pulse width 

Antenna scan rate 

Maximum processing 
range 

0.833 microseconds 

10 to 15 RPM 

60 NM 

A.3.5.2.2 Electrical Characteristics.- 

A.3.5.2.2.1 Radar Pretriooer.- The ROAS shall accept a radar pretrigger 
having the following characteristics: 

Amplitude 
Pulse width 
Pulse polarity 

Pulse rise time 
Pulse fall time 

Terminating im¬ 
pedance 

Pulse repetition 
time stability 

25 + 5 volts 

1 to 10 microseconds 
Unidirectional, positive 
polarity 
Less than 0.2 microseconds 
Less than 0.3 microseconds 

75 + 5% ohms 

Less than + 4 microseconds 
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A.3.5.2.2.2 Azimuth Data.- The RDAS shall accept azimuth data in the form 
of Azimuth Change Pulses (ACPs) and Azimuth Reference Pulses (ARPs) 
from either an azimuth pulse generator or a pulse shaper amplifier. There 
shall be 40% equally spaced ACPs and one ARP for each 360 degrees of 
antenna rotation. The ARP shall be positioned to fall within ± 20(¾ 
of the ACP interval from the midpoint between two ACPs. The electrical 
characteristics of the ACPs and ARPs are as follows: 

Azimuth pulse generator: 

a) Pulse shape 
b) Amplitude 
c) Jitter 

d) Impedance 
e) Cable type 

Approximately sinusoidal 
5+1 volt peak-to>peak 
ACP 10% of nominal spacing 
ARP 20% of ACP spacing 
600 ohms (design center value) 
Shielded twisted pair 

Pulse shaper amplifier: 

a) Logic level 
"0" 

b) Logic level 
»» ^ M 

c) Pulse width 
d) Pulse rise time 
e) Pulse decay time 
f) Jitter 

g) Impedance 

0 to 0.5 volts DC 

5.0 + 1.0 volts DC (positive 
going) 
23+3 microseconds 
1.0 microsecond s maximum 
1.0 microseconds maximum 
ACP 10% of nominal spacing 
ARP 20% of nominal spacing 
75 ohms (design center value) 

A,3.5.2.2.3 Radar Video.- The RDAS shall accept two radar video types 
having the following electrical characteristics: 

a) Signal amplitude 
b) Noise amplitude 

c) Pulse width 
d) Terminating impedance 

+4 volts maximum 
0.1 to 2.0 volts average peak 
with variations at less than 
0.25 Hz rate 
Greater than 0.8 microseconds 
75 + 5 ohms 

A.3.5.3 IOP.- The interface signals between the RDAS and the I0P shall 
meet the electrical characteristics described below. The interface is 
similar to an IOP Type A interface. 



A.3.5.3.1 Line Drivers.- The output line driver shell have the following 
characteristics when driving a line with characteristic impedance between 
120 ohms and 180 ohms and terminated in 160 ohms. 

Logic ONE 0 to -0.5 volts 
Logic ZERO -3.0 to -4.5 volts 

b) In the binary ONE state, the line driver shall provide 
the following maximum current to the line: 

Data line driver 25 milliampères 
Control line driver 37 milliampères 

O The driver shall be capable of switching tfc* logic voltage 
levels at the point of receiver termination in 75 nanoseconds 
maximum (10% to 90%). 

A.3.5.3.2 Line Receiver. 

a) The threshold level distinguishing the ONE state shall be a 
voltage at the input more positive than -1.1 volts. The 
threshold level distinguishing a ZERO state shall be a voltage 
level more negative than -2.5 volts. 

b) The maximum steady state current drawn from a line by an 
input receiver shall not exceed 21 milliampères when the input 
is in the ONE state at zero volts. 

c) The input receiver shall be such that if the Input line is 
disconnected, the effect shall be as though a ZERO were present 
at the input. 

d) The equivalent circuit as seen across the input to the receiver 
shall be as illustrated below. The receiver shall present 
a 160 ohm terminating resistance for a twisted pair cable 
and provide common mode noise rejection. 

a) The binary states of a driver measured at the point of 
receiver termination are: 

1 !<>('< 

-3 volt supply or 
0.1 to 0.5 tf 
capacitance 



A.3.5.3.3 Provision for fluolex Computer Operation.- The RDAS shall contain 
space for a second set of TOP cables. The necessary connectors, isolating 
receivers and drivers, and steering logic for use with duplex computers 
shall be provided. When connected to two lOPs, the RDAS shall put output 
data on the lines corresponding to the IOP from which the last command 
word data was received. 

A.3.5.3.3.1 Connector Pin Assignment.- The computer supplier shall specify 
the connectors for mounting on the RDAS. Signals shall be assigned to 
the connector pins in accordance with table A.l (which was extracted from 
Univac Specification SB-10205, Rev, A, Table IV). 

A.3.5.4 Display Interface.- The RDAS shall provide synthetic video input 
for display having the following characteristics: 

0 to +4.0 volts 
1/32 NM (0.4 us) minimum 
75+5 ohms 

a) Signal amplitude 
b) Pulse width 
c) Terminating impedance 

A.3.S Interchangeability of Spares.- The RDAS shall be designed wherever 
possible to use parts also used in the Beacon Data Acquisition Subsystem 
(BDAS) to minimize spares requirements. 

A,4 QUALITY ASSURANCE PROVISIONS .- The Contractor shall verify the 
performance of the RDAS by comprehensive testing. Quality assurance pro¬ 
visions specified in FAATD/S-120-601 form a part of this specification 
and shall be complied with. Where FAA-TD/S-120-801 is not applicable, 
the Contractor shall be guided by the contract for ARTS III equipment 
(D0T-FA69WA-2071). All items shall be designed and constructed in a manner 
similar to that used for ARTS III equipment and shall resemble ARTS III equip¬ 
ment in workmanship, quality, design, and general appearance. 

A.4.1 Design Qualification Tests.- The Contractor shall conduct or assist 
in design qualification tests to demonstrate that the requirements of this 
specification have been met. These tests shall be conducted in the Con¬ 
tractor's factory or at a government-approved test facility or some com¬ 
bination thereof. Design qualification testing shall consist of: 

Unit tests 
Subsystem tests 
System tests 
Reliability tests 
Maintainability and system availability tests 
Implementation tests. 
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Table A-l. Connector Pin Assignment, Input/Output Channel 

«Signal Return 
IOP 

Output Channel Connector 
IOP 

Input Channel Connector 

B1 

B3 

B4 

B5 

B6 

B7 

B8 

D1 

t 
D12 

G1 

t 
612 

J1 

I 
J6 

A3 

A4 

AS 

A6 

A7 

B8 

Cl 

t 
C12 

HI 

! 
HI 2 

K1 

i 
Kb 

Shield Ground 

Lower Half Word Parity 

Upper Half Word Parity 

Output Data Acknowledge 

Output Data Request 

External Function 
Acknowledge 

External Function 
Request 

Data Bit 0 

I 
Data Bit 11 

Data Bit 12 

! 
Data Bit 23 

Data Bit 24 

t 
Data Bit 29 

Shield Ground 

Lower Half Nord Parity 

Upper Half Nord Parity 

Input Data Request 

Input Data Acknowledge 

External Interrupt 
itequest 

External Interrupt 
Enable 

Data Bit 0 

i 
Data Bit 11 

Data Bit 12 

i 
Data Bit 23 

Data Bit 24 

I 
Data Bit 29 

«Each signal and the corresponding return, except shield ground, 
require a twisted pair. 
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A.4.1.1 Unit Tests.- The Contractor shall conduct unit tests to verify that 
each individual piece of hardware meets the performance requirements as 
specified herein as well as the performance requirements delineated in this 
design specification. 

A.4.1.2 Subsystem Tests. - Subsystem tests are tests of equipment combinations 
and/or equipment and operational software combinations. The Contractor 
shall assist the prime contractor in the conduct of subsystem tests as 
necessary to verify proper operation of the subsys ans and to provide 
confidence that the system tests will have a high probability of success. 

A.4.1.3 System Tests.- The Contractor shall assist the prime contractor 
in the conduct of system tests to verify that all requirements of the 
system specification have been met. 

A.4.1.3.1 Confidence/Stabilitv lest.- As part of each system test, a 
continuous confidence/stability test shall be performed using video inputs 
with the operational program running. Manual inputs from the display 
data entry devices shall also be used. Measurements shall be made at the 
beginning of the test and at specifieo intervals which shall be indicative 
of the stability of the system. AH system adjustments shall be made 
>rior to the start of the test and no further adjustments will be allowed 
for the duration of the test. During the last half-hour of the test, a 
simulated power failure test shall be made. This test shall be made by in¬ 
terrupting all AC power to the system for a period of at least 15 seconds. 
When power is restored, all malfunctions or errors shall be recorded. The 
test shall be resumed ithout any equipment adjustments. If manual adjust¬ 
ments or intervention is required to reinitiate operation, these shall 
be fully documented in the test report. The digitizer contractor shall 
assist the prime contractor in the conduct of this test. 

A,4.1.4 Reliability Tests.- The Contractor shall conduct reliability tests 
on the RDAS to verify that the equipment meets the reliability require¬ 
ments of this specification and to obtain the necessary data to assist in 
verifying that the system availability requirements are met. The reliability 
tests shall be conducted in accordance with MIL-STD-701. 

A.4.2 Acceptance Tests. - The Contractor shall conduct acceptance tests 
on all units and shall assist the prime contractor, as necessary, with 
the acceptance tests of subsystems and systems that are delivered to the 
government. Acceptance tests are a combination of factory and site tests. 

A.4.2,1 Factory Tests.- Factory tests are those unit tests conducted within 
the Contractor’s plant to ensure that each unit meets the requirements of 
this specification prior to delivery. 

A-40 



A.4.2.1.1 Factory Inspection.- The quality assurance provisions specified in 
FAA-G-2100 and MiL-I-4d20BA form a part of this specification and shall be 
complied with. All inspections and tests at the Contractor's plant shall be 
performed by the Contractor, and may be witnessed by FAA inspectors; these 
tests and inspections are subject to approval by FAA inspectors. The Government 
reserves the right to waive the requirements of any portion of the inspections 
and tests. 

A.4.2.1.2 Incoming Inspection.- The Government may elect to make an incoming 
inspection of all or any portion of the components and materials used in 
construction of the equipment to determine compliance with the specifications 
covering component procurement. 

A.4.2.1,3 Unit Inspection.- Each completed unit supplied as an integral part 
(or spare unit) of each system under the contract shall be given a mechanical 
and an electrical examination. The mechanical examination shall be used to 
determine compliance with the applicable specifications covering fabrication 
requirements such as strength and rigidity, accessibility, type of components 
and meteríais, choice of insulation, layout of chassis, panel, and wiring, 
finish, and so forth. The Contractor shall perform an electrical inspection to 
determine compliance with the applicable specifications covering electrical 
requirements and performance such as electrical continuity, leakage resistance, 
power supply voltages and regulation, signal to noise ratio, pulse and wave 
shapes, resolution, storage characteristics, and so on. Units built, tested, 
and approved in accordance with the applicable specifications may be retained 
temporarily by the Contractor in order to facilitate testing of associated 
units; however, such units used for test purposes shall be given a mechanical 
and electrical re-inspection prior to Government acceptance if required by the 
Contracting Officer. 

A.4.2,2 Site Tests.- The Contractor shall assist the prime contractor as 
necessary in the conduct of site tests for every system installation. Site 
tests shall be conducted at the unit, the subsystem, and the system level. Site 
tests shall be organized so that the implementation requirements of Section 
3.1.4 are met. Each site test shall be designed to meet the following objec¬ 
tives: 

a) To verify that the installed unit, subsystem, or system meets the 
requirement of this specification 

b) To verify that the basic ARTS III function can be performed with 
the unit, subsystem, or system installed 

c) To provide the required certification procedures to enable the FAA 
to operate with the installed unit, subsystem, or system. 
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A.4.3 Test Conduct. 

A.4.3.1 General.- The Contractor shall be responsible for conducting all 
tests. Whenever testing is scheduled, the Contractor shall ascertain that all 
necessary personnel are available, and that, contractor-provided procedures, 
test scripts, and test data sheets have been distributed. All test personnel 
shall normally be provided by the Contractor, However, the FAA reserves the 
right to use FAA personnel in lieu of Contractor personnel to man any operating 
position in the equipment configuration under test. The Contractor shall con¬ 
duct a test briefing and debriefing for each test and shall assure that all 
personnel have been properly instructed in their duties. The Contractor shall 
malr* any and all additional tests necessary to demonstrate compliance to the 
required system performance. If, during the course of any tests, errors or 
malfunctions occur, the Contractor shall make entries in the appropriate logs. 
In addition, the Contractor shall document each error or malfunction indicating 
the type of error, the procedures taken, and the time required to circumvent, 
and the assignment to the appropriate equipment or software element. 

A.4.3.2 Test Procedures.- The Contractor shall provide all test procedures 
and/or scripts to be used during the conduct of a test. These procedures shall 
include all test record forms to be used as test data sheets, test operator 
logs, and reports. The documents shall be provided by the Contractor and sub¬ 
mitted for review and approval 30 days prior to the scheduled performance of a 
test. 

A.4.3.3 Test Reports.- Upon conducting the applicable tests in accordance with 
the approved test plan, the results shall be recorded for submission to the FAA. 
The test report shall contain a complete description of the test results and 
shall be certified and submitted within 15 days after completion of each test. 
One reproducible and 10 copies shall be submitted for FAA acceptance. 

The test report shall contain, as a minimum, the information specified below: 

a) Indicate the performance of each equipment under test and whether 
or not it meets the system limits 

b) Functions that were tested 
c) Information as to whether the results of the test are in agreement 

with the required reliability of the unit or system 
d) The quantity and type of spare parts needed to correct the errors 

and malfunctions 
e) A record of any engineering changes found necessary to correct 

design deficiencies. 
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A.4.3.4 Failure Accountability.- There are two major classes of failure: 
relevant (countable) failures and non-relevant failures. Relevant failures 
are defined as: 

a) Manufacturing defects 
b) Parts defects 
c) Design defects 
d) Unknown. 

Failures due to other ceuses shall be classified non>relevant. This class 
includes failures due to: 

a) Accident or mishandling 
b) Operator (where not due to improper design) 
c) Failure of part not supplied by the Contractor 
d) Test equipment or fccility failure 
e) Maintenance induced failure 
f) Installation error 
g) Drawing specification or procedure error. 

The burden shall be on the Contractor to show that a failure should be classi¬ 
fied non-relivant. 

A,4.3.4.1 Failure Recording and Reporting.- Failures shall be recorded in 
accordance with the 'Tacility Outage and Equipment Failure Report” (FAA Hand¬ 
book SMP 6040.IB). Maintenance logs shall utilize FAA Form 406C. 

A.4.3.4.2 Additional Tests.- The FAA may require the Contractor to repeat 
tests, or portions therof, if the original tests fail to demonstrate compliance 
with the specification. 

A,4,3.4.3 Problem Areas.- The Contractor shall be responsible for solving 
problems encountered in providing a system to the requirements of this document. 
He shall notify the FAA promptly 0f any problems beyond his jurisdiction. 

I 

A,4.3.4.4 Equipment Module or Subsystem Modification.- The Contractor shall 
be responsible for incorporating nnd testing any modifications to his design 
that are necessary to meet the specification requirements. Resulting modifi¬ 
cations to equipment shall be incorporated into each system delivered at no 
additional cost to the Government. 

A.4.3.4.5 Docmentation Updating.- The Contractor hall update the system 
documentation of block diagrams, electrical and mechanical drawings, installa¬ 
tion drawings, parts lists, wire lists, logic flow charts, and all associated 
descriptive materials. 
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A.4.4 Test Plans.- The Contractor shall prepare and submit, in draft form, 
ten copies of a recommended test plan within six months from date of contract, 
for review and approval by the Government. The Government will review, approve, 
and/or direct necessary changes to the test plan within 60 days after receipt. 
The Contractor shall incorporate such directed changes and resubmit one repro¬ 
ducible and ten copies of the final test plan at least 15 days prior to any 
equipment tests. 

A.4.4.1 Test Plan(s) Content.^ The test plan(s) shall be comprehensive, 
including all details necessary to assure that the test procedures and testing 
will satisfactorily demonstrate equipment compliance with all requirements 
specified herein. 

The test plan(s) shall include, as a minimum, the following: 

a) Test description and its purpose. The description shall include 
a block diagram showing the system configuration and interfacing 
and procedures for conducting each test of the series, together 
with the personnel necessary to perform the test. 

b) Designation of all inputs that are required to test each function 
c) Test output records, including a description of required outputs, 

the types of equipment used to observe or provide the outputs, 
etc. 

d) A complete time sequenced schedule of events 
e) A detailed description of analysis or combination of analysis and 

test results which may be offered in lieu of testing, where 
complete test results may be difficult or impractical to obtain. 

A.5 PREPARATION FOR DELIVERY.- Preparation for delivery shall be in accor- 
dance with FAA-R-1030d, unless air ride padded van shipment is used. Equipment 
delivered under this specification shall be F.O.B. destination, within 
consignee's premises, including delivery to specific rooms within a building. 
Transportation charges shall be billed as separate invoice item. 
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B.l SCOPE 

Contained in this appendix is a functional approach to the implementation of 
the Augmented RBTL system in a dual radar/beacon configuration. This appendix 
makes references to the document to which it is attached, i.e., "Design 
Specification, Augmented Radar Beacon Tracking Level System", and discusses 
only the additions and modifications to the Augmented RBTL system which are 
necessary to expand it to a dual system, hereafter called the Dual Augmented 
RBTL system. The design assumes that the video inputs to the system originate 
from two radar/beacon systems wherein the radar and beacon antennas for each 
system are co-located. The system is designed to operate essentially as two 
independent Augmented RBTL systems. The Dual Augmented RBTL is not a so- 
called multisensor system, since the report data from one Augmented RBTL 
system is not used by the tracking function in the other Augmented RBTL system. 
Each display is assigned to only one of the radar/beacoi sensors, and aircraft 
are controlled on a given display using track data received from the radar/ 
beacon sensor associated with that display. The system mak.-s use of multi¬ 
processing executive scheduling, but does not contain a full multiprocessing 
failsoft executive. The system provides backup in case of the loss of radar 
or beacon sensors. 

The expansion is achieved by the addition of a second Beacon Data Acquisition 
Subsystem (BDAS), a second Radar Data Acquisition Subsystem (RDAS), two 
Input/Output Processors (10PS), and an additional 40K of memory to the Aug¬ 
mented RBTL system. In addition, several modifications to operational software 
are required. These modifications are discussed in later paragraphs. 

Two efforts within the ARTS Enhancement development will provide information 
on alternative approaches to the implementation of Augmented RBTL at a dual 
si'e. One effort will recommend an approach to Dual Augmented RBTL imple¬ 
ment at ion wherein alternate sensor position and altitude fill-in are used to 
provide display continuity during temporary dropouts in local sensor data. 
The i i her effort will recommend an approach to Dual Augmented RBTL implemen- 

i! i'in wherein full use is made of inputs from both sensor systems. This 
s commonly called the multisensor tracking effort. 
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B.2 GENERAL SYSTEM DESCRIPTION 

B.2.1 Purpose.- The Dual Augmented RBTL system shall provide for the expan¬ 
sion of the Augmented RBTL system to accept the inputs of sensor data from 
two non-co-1oca ted radar/beacon sensor systems. The primary purpose of 
this system shall be to provide backup in case of the loss of one or more 
sensor(s). Under normal operating conditions, i.e., prior to the loss of 
a sensor, the system provides for redundant coverage of aircraft in those 
regions wherein the surveillance areas of the two radar/beacon systems overlap 
and provides also for extended coverage where there is no overlap. 

B.2.2 System Hardware.- The Dual Augmented RBTL system shall contain the 
following hardware subsystems: 

a) A Data Processing Subsystem (DPS) 
b) Two Beacon Data Acquisition Subsystems (BDAS) 
c) Two Radar Data Acquisition Subsystems (RDAS) 
d) Two Data Entry and Display Subsystems (DEDS). 

Figure B-l shows the functional relationship of the hardware subsystems and 
identifies the principal paths of data flow. 

B.2.2.1 Data Processing Subsystem.- The Dual Augmented RBTL Data Processing 
Subsystem (DPS) shall consist of the following modules: 

a) Four Input/Output Processors (IOP) 
b) Five 16K memory modules 
c) One Peripheral adapter Module (PAM) 
d) One magnetic tape handler 
e) One console typewriter. 

For a description of the various DPS modules, refer to the Augmented RBTL 
Design Specification or the appropriate ARTS III technical manuals. Figure 
B-2 is a block diagram of the DPS configuration, and table B-l shows the IOP 
input/output channel assignments. 

B.2.2.2 Beacon Data Acquisition Subsystems.- The Beacon Data Acquisition 
Subsystems (BDAS) shall be as described in the Augmented RBTL Design Specifi 
cation and the ARTS III BDAS technical manual. 

B.2.2.3 Radar Data Acquisition Subsystems.- The Radar Data Acquisition 
Subsystem (RDAS) shall be as described in the Augmented RBTL Design Specifi¬ 
cation and appendix A, RDAS Design Specification. 
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TABLE B-l. IOP INPUT/OUTPUT CHANNEL ASSIGNMENT 

IOP-1 

IOP Channel 
Number Peripheral Equipment or Subsystem 

Relative 
Priority 

0 
1 
2 
3 
4 
5 

6-15 

Interfacility Comm. Adapter 
Magnetic Tape Unit 
Console Typewriter Adapter 
UNISERVO V-IC 
9300 Processor 
DEDS »1 Consoles 

Highest 

Lowest 

IOP-2 

0 
1-3 
4 

5-15 

BOAS *1 (Input only) 

ROAS «1 
(DEDS *1 Consoles) 

Highest 

Lowest 

IOP-3 

0—3 
4-15 DEDS <2 Consoles 

Highest 
Lowest 

IOP-4 

0 
1-3 

4 
5-15 

BDAS »2 (Input only) 

RDAS «2 
(DEDS #2 Consoles) 

Highest 

Lowest 
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try and Display Siibsvsteas.- The Deta Entry and Display 
Subsystens (DEDS) shall be as described in the Augmented RBTL Design Specifi- 

^fiata 
kystems 

cation and the ARTS III DEDS technical manual. 

fîH System Software.- The Dual Augmented RBTL system will contain the 
Ing soft lowing software modules : 

a) One executive module 
b) Two radar input processing modules 
c) Two beacon input processing modules 
d) Two beacon/radar correlation modules 
e) One keyboard interrupt processing module 
f) One keyboard functional processing module 
g) One interfacility I/O processing module 
h) Two tracking modules 
i) One display output processing module 
j) One automatic offset processing module 
k) One console typewriter output processing module 
l) Four system timeout prpcessing modules 
m) One magnetic tape flight plan input processing module. 

B.2.3.1 Unmodified Software Modules.- The following software modules shall 
be left unchanged in the expansion of the Augmented RBTL system to the Dual 
Augmented RBTL system and shall be as described in the design specification 
for the former: 

a) Radar input processing 
b) Beacon input processing 
c) Beacon/radar correlrtion 
d) Keyboard interrupt processing 
e) Interfacility I/O processing 
f) Automatic offset processing 
g) Console typewriter output processing 
h) Magnetic tape flight plan input processing. 

B.2.3.2 Modified Software Modules.- The following software modules will under 
go modification in the expansion of the Augmented RBTL system to the Dual 
Augmented RBTL system: 

a) Executive 
b) Tracking 
c) Keyboard functional processing 
d) Display output processing 
e) System timeout processing. 
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8,2.3.2.1 Executive Modifications.- Although the basic structure to the 
executive will not be changed in the expansion to the Dual Augmented system, 
several areas will undergo expansion or redefinition. The power failure 
recovery logic will be expanded to handle four lOPs. In addition, the 
thread update function will be expanded and modified because the dual system 
will contain two central track stores and track number pointer tables. Finally, 
the structure of the lattices will be redefined to minimize executive over¬ 
head and inactive time while preventing data loss. 

8,2.3,2.2 Tracking Modifications.- The modifications to the tracking routines 
for the two Augmented RBTL systems which make up the Dual system come about 
because of a desire to link the controlled tracks in one system with their 
corresponding uncontrolled tracks in the other system. Track linking will be 
performed in the manner described below. 

When a track attains controlled status in one system either through a key¬ 
board entry or an automatic acquisition (re-acquisition), a link will be 
established between the controlled track and its associated uncontrolled 
track in the other system. First, the position of the controlled track will 
be checked to determine whether it lies in the coverage area of the other 
system. If the position is not within the coverage area of the other system, 
the 10-bit linked track number field in Word 13 of the controlled track's 
file (figure 8-3) will be se to 1777g to indicate that no link with an un¬ 
controlled track in the other system has been established. This will cause 
the tracking routine to attempt to establish the link on the next scan. 
If the controlled track position is within the coverage of the other system, 
an attempt will be made to link the controlled track with its corresponding 
uncontrolled track. The X, Y coordinates of the controlled track will be 
translated to the other system. The azimuth of the translated position will 
then be computed and the sector wherein the position falls will be determined. 

If the controlled track is a beacon track, the uncontrolled beacon tracks in 
the sector on either side of and including the sector containing the trans¬ 
lated position will be checked. If one uncontrolled beacon track is found 
whose beacon code is equal to the beacon code of the controlled track and 
if certain distance criteria are met, a link will be established between 
the controlled track in one system and the uncontrolled track in the other. 
This is accomplished by putting the track number of the uncontrolled track 
in the linked track number field of the controlled track file and the track 
number of the controlled track in the linked track number field of the un¬ 
controlled track file (figure 8-3). 

If the controlled track is a radar track, the uncontrolled radar tracks in the 
sectors on either side of and including the sector containing the translated 
position will be checked. If one uncontrolled radar track is found whose 
position satisfies certain distance criteria, a link will be established 
between the controlled radar track in one system and the uncontrolled radar 
track in the other system in the same manner as is done with the beacon 
tracks. 
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B.2.3.2.2 (continued) 

In either the rader or beacon case, if a link cannot be established either 
because no uncontrolled track satisfies the criteria or because an anbiguous 
situation exists, the linked track number field in the controlled track's 
file will be set to 1777q, which will cause the tracking to attempt to 
establish the link on the next scan. 

When the controlled track is dropped, either by keyboard entry or auto¬ 
matically, the link between the controlled track in one system and the un¬ 
controlled in the other system will be broken. 

B.2.3.2.3 Keyboard Functional Processing Modifications.- The changes to the 
keyboard functional processing module shall be required to add the capability 
of intersystem h*ndoff, i*e.. handoff from one Augmented RBTL system to the 
other one. 

If such a handoff is from one Augmented RBTL system to the other, the 
uncontrolled track in the receiver's system which has been linked to the 
controlled track in the sender's system will be changed to controlled status 
in the receiver's system upon acceptance by the receiving controller. The 
controller track in the sender's system will become uncontrolled. 

If no link has been established, an open track file in the receiver's system 
will be found and a track will be initiated. 

B.2.3.2.4 Display Output Processing Modifications.- The display output 
processing modifications can be divided into two categories. The first has 
to do with the display of single symbols for uncontrolled linked tracks; 
the second is related to changes because of the inter-system handoff cap¬ 
ability. 

11,2.3.2.4.1 Linked Track Sinale Symbols.- When a controlled track in one 
system has been linked with an uncontrolled track in the other system (see 
H.2.3.2.2), the uncontrolled track single symbol will be replaced by the symbol 
oi the controller who is controlling the track in the other system. The 
s>:r.bol will be displayed at the reported position of the uncontrolled track. 

If no link has been established, the controller's symbol will be displayed 
on the other system's displays at the translated position of the controlled 
track. 
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B.2.3.2.4.2 Intersystem Handoff Display.- When a handoff/initiate function 
is entered, the track format from the controlled track will be force displayed 
on the receiving controller's scope and blinked. The data will be displayed 
at the position of the linked track if one exists. 

When the handoff-accept function is entered, the controlled track symbol 
on the receiver's scope shall be changed to the receiving controller's symbol 
and the track data on the sender's scope shall be blinked for a parametric 
number of scans and then replaced by the appropriate uncontrolled track 
single symbol. 

B.2.3.2.4 System Timeout Processing Modifications.- The system timeout 
functions which are performed in each of the two Augmented RBTL systems will 
be divided into four common routines. This is required so each TOP can 
timeout its own I/O channels. 

B.3 PROGRAM STORAGE AND TIMING ESTIMATES 

B.3.1 Memory Requirements.- Tables B-2 and B-3 shows the storage require¬ 
ments for the Dual Augmented RBTL subprograms, including all tables and 
buffers. 

B.3.2 Program Timing Estimates.- The Dual Augmented RBTL timing analysis 
is summarized in table B-4. 

B.4 DUAL AUGMENTED RBTL RELIABILITY MODEL 

B.4J System Reliability. - The reliability of the Dual Augmented RBTL System 
is dependent on site reliability definition. Using the methods of cal¬ 
culating serial and parallel reliability, respectively, two assumptions are 
made, first, if one module in the total model fails, the system has failed, 
and second, if one module iri one subsystem model fails, the model will be 
considered in an "up" condition since the other subsystem model is still 
operational in the system. 

The following reliability models assume that each equipment or module is a 
basic ARTS III unmodified module, i.e., no modifications have been made to 
account for failsafe, failsoft, multiprocessing, etc. Therefore, the 
reliability model figures will change if any modified equipments are used. 

SERIAL RELIABILITY MODEL 

-IrDASi —1 BDASI ” lOPi 10P9 h^M 16K - MEM 16K b MEM 8K 

RUAS o- BDAS J- I OP a — IOP 4 - MEM 16K - MEM 16K b MEM BK — 
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TABLE B-2. PROGRAM STORAGE FOR DUAL AUGIENTED RBTL SYSTEM 
' 

1 

Prograa Storage Estimate 

Executive 

Thread Update 

Beacon Input Processing 

Radar Input Processing 

Radar/Beacon Correlation 

Quantizer Control 

Tracking 

Unused Report Processing 

Keyboard Input Processing 

Display Output Processing 

Interfacility I/O Processing 

Auto Offset 

Console Typewriter Output 

System Timeout Processing 

Magnetic Tape Flight Plan Input 

Common Subroutines 

Miscellaneous 

TOTAL PROGRAM STORAGE 

650 

200 

1800 

2000 

600 

700 

6000 

1200 

5000 

1000 

1500 

250 

650 

1200 

500 

2000 

_200_ 

25,450 
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TABLE B-3. DATA BASE FOR DUAL AUGIENTED RBTL SYSTEM 

DATA BASE_|_ 

Beacon Input Buffers and Uncords 
Beacon Data Stores aad Parawters 
Beacon Target Report Storo (3B/2) 
Central Track Store (14.125T) 
Tracking Tables aad Paraaeters 

Parameters 600 
RAT (3T) 1500 
TNP (IT) 500 

STORAGE ESTIMATE (Nords) 

1600 
400 
750 

7560 
2600 

Beacon Only Tables 
Radar Only Tables 
Display/Keyboard Tables (32D+-28K+100) 

200 
300 

1244 

Display Output Chain List (3Ti (Di+1)+100), 1*1,2 
Common Active Track Buffer (5T) 
Fixed Chain List (25IH10K) 
Console Tyepwriter Tables and Buffers 
Configuration Tables 
Interfacility Tables and Buffers 
Minor Tables (VFR/IFR, Selected Codes, Etc.) 
Literals, Flags, Chains, Pointers, Etc. 
Radar Input Store 
Zone Control Map 
Input Process Masks and Zone Naps 
Radar Record Stores 
Radar Report Stores 
Clutter Map Store 
Target Report Store (B+R) 
Mag Tape Flight Plan Data Base (3FP) 
Executive Data Base 
Miscellaneous Data and Working Storage 

11450 
2500 

585 
400 
500 
375 
650 
700 

5472 
3840 

900 
240 
180 

1536 
1000 
600 
350 

...m 

TOTAL 46,332 

NOTE: B = Number of Beacon Reports/Scan = 500 (250 ea. System) 
R = Number of Rader Reports/Scan = 500 (250 ea. System) 
T = Present Number of Tracks ia System = 500 (250 ea. System) 
K = Number of Keyboards = 26 
Dj = System 1 Displays = 6 
Do = System 2 Displays = 7 
0 = Dj + D2 = 13 
Ti = Tracks in System 1 
T2 = Tracks in System 2 
T = Tj + To 
FP = Flight Plans 



TABLE B-4. program tine estimates 

Subprogram IOPI 
TIME (X) 

IOP2 IOP3 IOP4 

Executive Control 
Beacon Input Processing (11.8N.+.068^+.0031?^+ 2.2) 

i = 1,2 
Keyboard Input Processing (.40,) i = 1, 2 

Keyboard Funtional Processing 
Interfacility I/O Processing 
Tracking (l.(H0.13Tj+,004T.Dj), i = 1, 2 

Tracking Feedback 
Process Unused Reports (.04U) 
Display Output Chain Preparation (.1+.0IFc+.002Sc+ 

.07TB + .013Su + .026Lu)D 

Console Typewriter Output Processing 
Magnetic Tape Input Processing 
System Timeout Processing 
Input/Output Requirements (.5^1.20^), i = 1,2 

Beacon/Radar Corre 1 at ion (( 37.5P +208.+72^,+400) 
• 10-4) i = 1. 2 C 1 

Radar Target Detection (.00375P+.036R.+.005Py+1.25) 
i = 1, 2 

Radar I/O Control 
Quantizer Control (f+4000)/320 
Automatic Offset (.4+.10^), i = 1, 2 

TOTAL 

3.0 

19.7 

1.8 
1.5 

3.0 

18.8 
4.0 

16.2 

68.0 

3.0 

2.4 

0.1 
1.6 

35.9 

1.5 
4.0 

13.4 

0.1 
0.3 
1.8 
7.7 

3.0 

19.7 

1.8 
1.5 

3.0 

18.8 
4.0 

16.2 

3.0 

2.8 

0.1 

36.3 

4.0 

15.6 

0.1 

1.8 
8.9 

1.0 

72.8 

1.0 

68.0 73.6 

i - 

NOTE: Ri = Radar Target in System i = 350 
B1 = Beacon Targets System 1 = 250 
B2 = beacon Targets System 2 = 250 
b = B1+B2 
T1 = Tracks in System 1 = Tul + Tel = 250 
Tul = Uncontrolled Tracks in System 1= 100 
Tel = Controlled Tracks in System 1 = 50 
T2 = Tracks in System 2 = Tu2 + Tc2 = 250 
Tu2 “ Uncontrolled Tracks in System 2= 100 

Controlled Tracks in System 2 = 150 
T1 + T2 = 500 
Displays in System 1 = 6 
Displays in System 2=7 
01 + 02 = 13 
Unused Reports = 200 (100 each 
system) 

N1 = Fruit/Swp in System 1 = .25 
M2 = Fruit/Swp in System 2 = .25 
K = Keyboards = 26 
Fc = Controlled Track FDBs/Display = 25 
Sc = Controlled Track SS/Display = 125 

Tc 
T 
01 
02 
0 
U 

TB = Tabular Tracks/Dis> 
play = 0 

Su = Uncontrolled Track 
SS/Display = 75 

Lu ■ Uncontrolled Track 
LDB/Display = 25 

P. = Entries/Scan for 
Beacon Proc. (64) 

P = Entries/Scan for Bea- 
c con/Radar Lorr (64) 

f = Prf (1200 pps) 
P = Radar Predetections 

(850) 
Pr = Entries/Scan for Radar 

Tgt. Detection 
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B.4.1 (continued) 

PARALLEL RELIABILITY MODEL 

RDAS1 BDASi lOPl IOP2 T MEM 16K MEM 16K H MEM 8K 

.Inter-subsystem 
communications 

-RDASg -I— 10¾ — IOP4 i- MEM 16K— MEM Í6K -j MEM 8K   

EQUIPMENT FPMH 
A(10-6) hours 

MTBF 
Hours 

ROAS1* 200 5000* 
BOAS 268 3740 
IOP 12 Chan. 160 6250 
IOP 8 Chan. 150 6667 
REM 16K 168 5943 
MEM 8K 89 11223 

Dual System 
(Serial) 2400 417** 

Dual System 
(Parallel) 760 1320** 

* ROAS design goal. 

** System MIBFi are based on component modules being basic ARTS III contain¬ 
ing no modification except the current ARTS III BOAS. 

B.4.2 Reliability Requirements.- The reliability requirements for the Dual 
Augmented RBTL system will be the same as in a single radar/beacon system 
(see Augmented RBTL System Design Specification, 3.4). 
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