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FEDERAL AVIATION ADMINISTRATION | o
SYSTEMS RESEARCH AND DEVELOPMENT SERVICE |
SPECTRUM MANAGEMENT STAFF {

STATEMENT OF MISSION ﬂ

The mission of the Spectrum Management Staff is to assist the Department of State,
Office of Telecommunications Policy, and the Federal Communications Commission in
assuring the FAA’s and the nation’s aviation interests with sufficient protected
electromagnetic telecommunications resources throughout the world to provide for the safe
conduct of aeronautical flight by fostering effective and efficient use of a natural
resource--the electromagnetic radio-frequency spectrum.

This objective is achieved through the following services:

¢ Planning and defending the acquisition and retention of sufficient radio-frequency
spectrum to support the aeronautical interests of the nation, at home and abroad, and
spectrum standardization for the world’s aviation community.

e Providing research, analysis, engineering, and evaluation in the development of
spectrum related policy, planning, standards, criteria, measurement equipment, and
measurement techniques.

e Conducting electromagnetic compatibility analyses to determine intra/inter-system
viability and design parameters, to assure certification of adequate spectrum to support
system operational use and projected growth patterns, to defend the aeronautical
services spectrum from encroachment by others, and to provide for the efficient use of
the aeronautical spectrum.

® Developing automated frequency-selection computer programs/routines to provide
frequency planning, frequency assignment, and spectrum analysis capabilities in the
spectrum supporting the National Airspace System.

® Providing spectrum management consultation, assistance, and guidance to all aviation
interests, users, and providers of equipment and services, both national and
international.
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PREFACE

The Electromagnetic Compatibility Analysis Center (ECAC) is a Department of
Defense facility, established to provide advice and assistance on electromagnetic
compatibility matters to the Secretary of Defense, the Joint Chiefs of Staff, the military
department and other DoD components. The Center, located at North Severn, Annapolis,
Maryland 21402, is under executive control of the Office of the Secretary of Defense,
Director of Teiecommunications and Command and Control Systems and the Chairman,
Joints Chiefs of Staff, or their designees, who jointly provide policy guidance, assign
projects, and establish priorities. ECAC functions under the direction of the Secretary of the
Air Force and the management and technical direction of the Center are provided by
military and civil service personnel. The technical operations function is provided through
an Air Force sponsored contract with the |1 T Research Institute (IITRI). d

This report was prepared for the Systems Research and Development Service of the
Federal Aviation Administration in accordance with Interagency Agreement
DOT-FA70WAI-175, as part of AF Project 649E under Contract F-19628-76-C-0017, by the
staff of the IIT Research Institute at the Department of Defense Electromagnetic
Compatibility Analysis Center.

To the extent possible, all abbreviations and symbols used in this report are taken from
American Standard Y10.19 (1967) "Units Used in Electrical Science and Electrical
Engineering’’ issued by the United States of America Standards Institute.

Reviewed by:
Y,
//hn(m Shelbip—
NORMAN THEBERGE . M. DETERDING
Project Engineer, IITRI Director of Contractor Operations
Approved by:
R. ETBEERY M. A. SKEAT) Y,
Colonel, USAF Special Projects
Director Deputy Director

iv




FAA-RD-77-75

EXECUTIVE SUMMARY

A pulse-by-pulse model of the Air Traffic Control Radar
Beacon System, devised by the Transportation Systems Center of
the DOT, was modified by the Electromagnetic Compatibility Anal-
ysis Center (ECAC) for use with the UNIVAC 1110 computer.

Model modifications include adapting the model to operate
with the ECAC data base, the addition of obstacle, terrain,
two-path propagation, staggered and jittered PRF options, and
extensive revision of the processor models to include code
pulses and code validation.

These modifications permit analysis of problems such as
near-synchronous interference, broken and false targets, and
other time-related anomalies.

The input options of the model are flexible. Many param-
eters can be varied from run to run to compare the effects on
ATCRBS performance. Since the model obtains most of its run
data from ECAC data files, the user needs only to specify an
interrogator of interest to initiate an analysis.

Very large environments can be statistically analyzed
with other models such as the AIMS Performance Prediction Model
(PPM). The new Transient Effects Model is designed to comple-
ment the AIMS PPM by providing the capability to analyze near-
synchronous interference effects where suspected.

The Transient Effects Model will be used by ECAC to
analyze ATCRBS problems for the FAA.

v/vi
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SECTION 1

INTRODUCTION

BACKGROUND

As part of a continuing involvement in EMC analyses of the
Air Traffic Control Radar Beacon System (ATCRBS), ECAC has de-
veloped many of the analysis capabilities needed to assist the
Federal Aviation Administration (FAA) in determining how changes
in spectrum management techniques may improve ATCRBS performance.
Prior to the initiation of the Spectrum Management Program, the
primary tool for the evaluation of ATCRBS performance was the
ATCRBS IFF MARK XII System (AIMS) Performance Prediction Model
(PPM).! The AIMS PPM is a long-term average prediction model
which generates probabilistic interpretations of ATCRBS per-
formance. The FAA tasked ECAC to develop a mathematical model
which would simulate the short-term or transient phenomena as-
sociated with the performance of the ATCRBS.

The purpose of developing a Transient Effects PPM was to
complement the capabilities of the AIMS PPM by providing an
analysis method by which the problems such as near-synchronous
interference, broken and false targets and other time-related :
anomalies could be investigated. Thus, a time-step simulation %
was needed, along with the specific routines required for a
complete analysis capability.

OBJECTIVE

To develop a Transient Effects Performance Prediction Model
that is compatible with the ECAC computer system and data base,
and that incorporates two-path propagation, PRF-stagger, PRF-
jitter, terrain and obstacle options.

APPROACH

Since a pulse-by-pulse simulation of the ATCRBS had already
been devised by the Department of Transportation (DOT) Trans-
portation Systems Center (TSC), it was decided to adapt that
model to the ECAC UNIVAC 1110 computer system. ECAC would then
modify it as necessary to simulate the aspects of the ATCRBS
that were not programmed into the original model.

1Crawford, C. R., Computer Simulations of ATCRBS Processing Equipment for
Use with the AIMS and Transient Effects PPM's, FAA-RD-76-102, ECAC,
Annapolis, MD, January 1976.
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The capabilities of the Transient Effects Model were expanded
to increase its flexibility in dealing with beacon problems. The
model, as originally received from TSC, operated with the input
of a manually created environment of interrogators and aircraft
from punched cards. The ECAC version of the model was modified
to accept input from the computer-stored ECAC IFF Master File,
which is constantly updated to provide the most current and best
available data. In addition, aircraft deployments for many critical
areas, both current and projected, can be provided directly to the
model from the ECAC computer.

Another added capability is the terrain mode. Using this mode,
ECAC can obtain terrain data directly from the ECAC topographic
data files for any region in the Continental United States (CONUS)
and evaluate the effect of earth surface aberrations on ATCRBS per-
formance.

Along with the capability of assessing the impact of terrain
on the ATCRBS, the model was expanded to include an obstacle rou-
tine option that allows the placement of obstacles around an in-
terrogator-of-interest, simulating shielding that occurs at many
ATCRBS sites. The effects of multipath propagation (ground re-
flections) have been also programmed into the Transient Effects
PPM, utilizing routines developed for the AIMS PPM.

The inclusion of routines that simulate the effects of stag-
gered and jittered PRF's on ATCRBS performance allows for a more
complete investigation into the problem of near-synchronous inter-
ference.

Finally, ECAC has improved the original TSC simulation by the
inclusion of transponder reply codes. The TSC model simulated
only the framing pulses of the ATCRBS reply. This assumption
limited the processor simulations, particularly since the defruiter
performs its correlation techniques on a pulse-by-pulse basis. The
Transient Effects PPM now includes the transponder reply codes, a
pulse-by-pulse simulation of defruiter action, and code-pulse de-
coding functions. In addition, the code-data-sampling and code-
validation functions of the Following digital processors have been
included in the simulation: ARTS III, AN/TPX-42, and the AN/FYQ-49
common digitizer
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SECTION 2

SYSTEM DESCRIPTION

ATCRBS

Figure 1 illustrates the operation of the FAA surveillance
system (ATCRBS) and the military identification system (AIMS).
Uplink interrogations are transmitted on 1030 MHz. The airborne
transponder detects the interrogations, decodes them and trans-
mits a coded reply on 1090 MHz. These replies are received at
the interrogator, decoded and displayed on the controller's plan
position indicator (PPI) or other display device.

Four interrogation modes (1, 2, 3/A, C) are used by both
ATCRBS and AIMS to obtain position and identity information
from properly equipped military and civilian aircraft. The
ATCRBS interrogator pulse repetition frequency (PRF) is a sub-
multiple of the collocated radar PRF. When the ATCRBS inter-
rogator/receiver is not used with a primary radar, an internal
trigger establishes the PRF. The modes are transmitted auto-
matically in a repetitive sequence (mode interlace) at the given
PRF. Modes 1, 2, 3/A are normally used by the military for
identification and air traffic control. The ATCRBS uses mode
3/A for identification and surveillance. Both military and
civilian systems use mode C for altitude determination.

These modes have the form shown in Figure 2. The P1 and P3

pulses represent the interrogation. The P2 pulse is the Inter-

rogator Sidelobe Suppression (ISLS) pulse. The time spacing
between P1 and P3 uniquely identifies the interrogation mode.

The tables in Figure 2 give the pulse-spacing and amplitude re-
quirements for valid mode 1, 2, 3/A, and C interrogations and
the specifications for the interrogation pulses.

A more detailed description of the ATCRBS may be found in
Reference 1.

Processor Equipment

In recent years automated digital processors have been used
with this interrogator beacon system. Examples of these are the
ARTS II, ARTS III, TPX-42 and the AN/FYQ-49 Common Digitizer. The
ARTS III, TPX-42 and Common Digitizers were simulated in this model.
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INTERROGATION
FREQUENCY

ATCRBS ANTENNA

Section 2

{ PONDER

REPLY

ENCODING
ALTIMETER

FREQUENCY

RADAR ANTENNA

*
1/R | RADAR
{
REPLIES
INTERROGATIONS
| DECODED
cober/ |REPLIES,l AuToMA-
DECODER . TP
PROCESS-

DISPLAY

|_— RADAR RETURN

———ATCRBS REPLY

t ING
INTERROGATION REQUESTS
AND RADAR PRE-TRIGGERS

*INTER ROGATOR / RECEIVER

Figure 1. General configuration of ATCRBS equipments.
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PULSE SPACING CRITERIA FOR
F MES SIF MODEGS 1,2, 3/A, C . PULSE SPECIFICATIONS
MODE T3 (us) Ti2 (k9) WIDTH 0.8:0.1us
] 3t0. 2018
2 5402 RISE TIME | 0.05 TO Ol us
} 3/A 8t0.2
» c 2102 ' FALL TIME | 0.05 TO O.2pus

PULSE AMPLITUDE CRITERIA
FOR VALID INTERROGATION

+
1) PI >P2 9d8

PULSE AMPLITUDE CRITERIA
FOR SIDELOBE INTERROGATION

Figure 2. ATCRBS interrogation characteristics.
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Replies received by the interrogator receiver may be de-
fruited prior to further processing. The defruiter attempts
to correlate the timing of replies from the current interro-
gation with replies received from the last previous interro-
gation of the same mode. Replies that can not be correlated
are regarded as fruit and are eliminated from further processing.
The output of the defruiter, or the output of the interrogator
receiver if the defruiter is turned off or not used, is passed
to the decoder unit and/or one of the digital processors.

The decoder operates in one of two modes. In the first, a
pulse sequence is passed to the display each time a pair of
bracket pulses (the transponder reply) is detected. In this
mode, when a pulse is received, the decoder requires another
pulse 20.3 us later to complete the bracket pair.

The decoder can also be set to detect certain code pulses
and display only the target aircraft which respond with that
particular code. In this case, after a pair of framing pulses
have been detected 20.3 us apart, the pulse positions between
the framing pulses are checked for the presence of code pulses.
The decoder is used primarily.as backup for the digital pro-

o —SE€SSOTS. .

Terminal ASR/beacon systems use ARTS III, AN/TPX-42, and ARTS II
processors with-a built-in decoder that receives beacon video input
from the Air Traffic Control Beacon Interrogator. En route ARSR/
beacon systems employ common digitizer processors. The common digit-
izer does not use a defruited input. A defruiter is used with the
ARTS III, ARTS II and the AN/TPX-42, An analog decoder is used as
backup for the en route system and also for the terminal system.

Each processor applies a unique algorithm to the sequence
of target hits and misses. When its detection criteria are
met a digital target report is prepared and positioned on the
controller's display at the target location.

Each processor, in addition to detecting targets, performs
code-validation functions. 1In the common digitizer the Target
Processing Group performs this function for modes 2, 3/A, and
C. Consecutive replies in the same mode are compared, and if
the code data bits match and no garble flags are associated
with either return, the code is validated. This process con-
tinues until the code is validated or the target disappears.

The AN/TPX-42 validates by comparing consecutive replies to
interrogations of the same mode and displays a code validation
number, reflecting the level of confidence in a reported code,
in the target report.




FAA-RD-77-75 Section 2

The ARTS III begins code validation as soon as the combi-
nation of hits and misses satisfies its statistical detection
algorithm and the target leading-edge flag has been set. Vali-
dation is done on both modes 3/A and C. Like the AN/TPX-42, the
ARTS III also produces a code validation number.

OPERATIONAL CONSIDERATIONS

Staggered PRF

The time interval between successive interrogations is
referred to as the interrogator pulse repetition period (PRP).
Its reciprocal is the interrogator pulse repetition frequency
(PRF). The interrogator processing equipment correlates in-
coming replies using the interrogator output pulses as a ref-
erence.

If there are other interrogators operating at the same PRF,
replies from aircraft triggered by the interferer's interro-
gations will correlate with the victim's PRP and produce false
targets. To resolve this problem the FAA atempts to keep PRF's
separated in frequency for a given area. However, even at dif-
ferent frequencies, the time of transmission of interrogations
from two interrogators can overlap and transponder lockout or
improper reply correlation can occur. To overcome problems of
this type, an increasing number of staggered PRF schemes are
being used. The staggered PRF interrogator varies the time be-
tween interrogations in predetermined steps. This technique was
originally used in the primary radar system to eliminate second-
time-around targets.

Jittered PRF

The jittered PRF interrogator was introduced prior to the
staggered PRF. It also varies the time between transmissions
but it does so randomly by adding a small time increment of up
to three microseconds. Although not as successful as staggered
PRF in eliminating the problems mentioned above, it is easier to
implement and is currently in use at some installations.

Two-Path Propagation

Ground-reflected signals are the cause of at least two
problems, depending on the time lag between the direct and
reflected signals. In the case of airborne interrogators,
the path length difference may be considerable and garbled
replies or false targets may result. In the more common situ-
ation of a ground interrogator installation, the interrogator




FAA-RD-77-75 Section 2

antenna may be less than 100 feet above the surface. Under these
conditions, the path length difference between the reflected and

direct signal will be small and lobing results, causing the tar-

get to fade in and out as its range changes.

Terrain Considerations

Performance of the interrogator system is affected by line-
of-sight blockage due to terrain. ECAC's data base has infor-
mation extracted from topographical maps that can be used to
determine line-of-sight blockage due to terrain.

Obstacle Considerations

Population growth, industrial growth, and other factors have
resulted in the erection of buildings in the areas close to most
major airports. These new buildings are a source of system deg-
radation due to blockage of surveillance areas.
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SECTION 3

MODEL DESCRIPTION

ADAPTING THE TSC MODEL TO ECAC OPERATION

The program as received from TSC was written for optimized
run time on a CDC 6600 computer with a very large core. The ECAC
system uses a UNIVAC 1100 computer with 64,000 words of core. In
order to conserve core space and provide for the routine running
of moderatley large environments, the program was divided into
segments that could be sequentially processed in the same core
area. Approximately 24,000 words of core were saved by segmenting
the following initialization functions:

1. Computation of the mathematical tables used in the
main program.

2. Initialization of switches and values obtained from
the run data parameter cards.

3. Selection of the interrogators from the on-line IFF
files and preparation of interrogator arrays from the data in the
IFF files.

4. Selection of aircraft from the aircraft on-line files
and preparation of aircraft arrays.

After the initialization is completed, the segmented area is
occupied with information required for the simulation run. The
original model used three arrays to store uplink P1 pulse and P,

pulse powers and azimuth angle from each interrogator to each air-
craft transponder in the environment. Additional core space was
saved by creating a subroutine that eliminated the need for these
large arrays.

The normal operating limit of 50 interrogators and 50 aircraft
can be enlarged by going to an extended-core option. It is ex-
pected that smaller environments will be more commonly used in in-
vestigations at the detailed level this program is designed to
address. Additionally, an option of the program allows very large
fruit environments to be simulated by the random insertion of fruit
pulses into the reply stream at the input to the receiver model.
This is done by assuming an incoming fruit rate with a Poisson
distribution of arrival times. The associated mean fruit rate can
be obtained by simulating the larger environments with ECAC's
probabilistic AIMS model.
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BASIC MODEL OPERATION

The model operation is referenced to one interrogator called
the interrogator of interest. The basic time step of the model ]
is one PRP of the interrogator of interest. This is called the
simulation cycle.

During a simulation cycle the positions of the aircraft and
the positions of interrogator antennas are assumed to be fixed.
These positions may be updated at the start of each new simulation
cycle. The general flow of events listed below is depicted in
Figure 3 and described in more detail in the following discussion.

. Uplink Interrogations
Transponder Processing

Downlink Reply and Receiver Model
Receiver Processing

Output

System Update.

AUnNH NN -~

Uplink Interrogator Model

The Uplink Interrogator Model computes the amplitude and time
of arrival of all pulses transmitted during the current simulation
cycle. The effect of all interrogators on one transponder at a
time is computed. The program cycles through all transponders.

The time of arrival of pulses is computed in the following
manner as each interrogator is passed by each transponder:

1. The time of transmission of the P3 pulse is used

as a reference. It is equal to the time of transmission of the
last P3 pulse plus the pulse repetition period (PRP) of the as-

sociated interrogator.

2. The slant range is computed and converted to propa-
gation time and added to the time of transmission of PS to derive
time of arrival of the next PS'

3. The time of arrival of P, is found by looking at

1
the current interrogation mode and subtracting the appropriate
number of microseconds from the time of arrival of P3 (8 us for
mode A, 21 us for mode C, etc).

4. If the interrogator has a sidelobe suppression pulse
(PZ), its time of arrival will be equal to the time of arrival of

the P1 pulse plus 2 us.

10
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The amplitude of the arriving pulses is computed as follows:

1. The interrogator output power (P1 and Ps) and the
relative sidelobe suppression power (Pz), including line loss,

are read from the interrogator file.

2. The attenuation due to free-space path loss is cal-
culated from the slant range.

3. The azimuth and elevation angles of the transponder-
equipped aircraft relative to the interrogator are computed. This
information is then used to determine the attenuation of P3 and P1
pulses due to the interrogator antenna pattern.

4. The attenuation of the P2 (sidelobe suppression)

pulse, due to vertical attenuation of the omnidirectional antenna
pattern, is determined.

5. The interrogator-aircraft geometry and the aircraft
pitch, yaw, and roll are used to calculate the entry angles into
the aircraft transponder antenna pattern. This information is
then used to detgrmine attenuation of all pulses (Pl, P2 and Ps)
due to the aircraft antenna pattern.

The model maintains typical aircraft transponder and ground
interrogator mainbeam and sidelobe suppression patterns. However,
other patterns for both the aircraft transponders and ground inter-
rogator are available for use with the model. The patterns are
maintained as functions of the two entry angles (azimuth and
elevation).

6. The effects of items 1 - 5 are combined to obtain
the amplitude of pulses arriving at the transponder currently
under study.

The uplink interrogator model thus provides an array of pulses
specified by time of arrival and amplitude at each transponder in
the simulation. This array is ordered chronologically and fed to
the transponder.

Figure 4 shows the flow of events in an uplink interrogator
model.

Transponder Model

The transponder model looks at the time-ordered array of
pulses. By examining the relative amplitudes and time spacing
between pulses in the input array, and knowing the state of the
transponder receiver input, one can determine the appropriate
response and the state of the transponder receiver input is
updated.

12
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Figure 4.
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The user may choose to operate the transponder model in either
the active or passive mode. In the active mode, the first incoming
pulse is assumed to be a P1 pulse and the model then looks for a

pulse in the appropriate time slot (2 us for a P2 pulse, 8 us for
a mode A P3 pulse or 21 us for a mode C P; pulse). If no pulse
is found, the next incoming pulse is assumed to be a P1 pulse and

the process repeats itself. In the passive mode, any pulse may
be assumed to be a Pl pulse and the time spacing and relative

amplitude between pulses in any 21-us interval is evaluated to
identify a valid interrogation or sidelobe suppression pulse pair.

The detection criteria are as follows in accordance with the
National Standard.?2

1. Interrogation
amplitude : P3 > P1 - 1dB

P3 < P1 + 3 dB
P1 > Pz + 9 dB or no P2
time spacing (P1 - PS):
mode A 8 * .2 us
mode C 21 * .2 ps
2. Sidelobe suppression
amplitude : P2 > P1
time spacing (P1 - PZ):
2% .2 s

The transponder model rejects pulses from consideration if they
occur during transponder dead time due to a valid interrogation, when
the transponder is suppressed by a sidelobe suppression pulse pair,
or if their amplitude is below the dynamic sensitivity of the trans-
ponder.

The transponder will experience dead time immediately after it
replies to a valid interrogation. The length of this dead time is
usually 35 us, but it is an input variable to the simulation. The
transponder is suppressed upon receiving a sidelobe interrogation
for a period of approximately 35 us; this is also an input variable.

2y.S. National Standard for IFF Mark X (SIF) Air Traffic Control
Radar Beacon System Characteristics, FAA Order 1010,51A, March 8, 1971
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The nominal transponder receiver sensitivity is an input
variable, usually setat -71 dBm. This is the sensitivity when
none of the desensitization mechanisms are affecting the trans-
ponder. Two types of desensitization are modeled in accordance
with the National Standard (Reference 2). They are echo suppression
and reply-rate desensitization.

Echo suppression occurs upon receipt of any pulse at the
transponder receiver input. The receiver input is desensitized
to within a value between 0 and 9 dB (as specified by an input
variable) of the desensitizing pulse. Usually 5 dB is specified.
Recovery from echo suppression desensitization is linear during
the ensuing 15 us. Reply rate limit desensitization occurs such
that the number of replies per second is kept at or below a pre-
set limit of 1200 replies per second (variable).

The transponder model also gathers data that is used to
compute the following output statistics from each transponder:

1. Rate of interrogation

2. Rate of reply

3. Rate of valid uplink SLS P, - P, suppression pulse
pairs : "

4. Rate of suppression (transponder will be suppressed
if a pulse pair is identified as a valid P1 - Pz and the trans-

ponder is not already in dead time or suppressed)

5. Reply probability

6. Suppression probability

7. Minimum and maximum interrogation rate
8. Minimum and maximum reply rate

9. Minimum and maximum uplink SLS rate
10. Minimum and maximum suppression rate.

Figure 5 shows the flow of the transponder model.

Downlink Reply and Receiver Model

The downlink reply and receiver model determines which of the
replies generated by the transponder model will actually be re-
ceived at the interrogator of interest. The model will pass pulses
of suitable amplitude on to the receiver processing routines.

The calculations for pulse power are simplified on the down-
link since the signal paths are the same as on the uplink and
many calculations have already been made. Some of the parameter
values calculated for the uplink routine are stored for use by

15
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Figure 5. Transponder model flow.
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the downlink routine. These are the propagation time, free-space
loss,and attenuation due to antenna gains.

The original TSC model was concerned with only the F1 and F2

framing pulses. ECAC added an option that includes the coding
pulses for each aircraft.

The method for determining which pulses are received and
their time of arrival is outlined as follows:

1. The attenuation due to free space path loss and
antenna gains, stored from the uplink calculation, are retrieved.

2. The attenuation in the omnidirectional sidelobe
suppression (SLS) antenna pattern due to elevation angle is com-
puted.

3. The power output of the transponder is combined with
1 § 2 to determine the received power at the directional antenna
and at the omnidirectional SLS antenna.

4. If the interrogator of interest employs receiver
sidelobe suppression (RSLS), the power level received by the
directional antenna is compared with that received by the omni
antenna. If the power level received on the directional antenna
is not greater than that received on the omnidirectional antenna
by some preset level, (nominally 12 dB) the reply will be rejected.

5. The times of arrival of the pulses are determined
from the time of transmission of Fl’ the propagation-time and the

relative location of the code pulse to Fl.

6. The receiver sensitivity at the time of arrival is
determined. It is a function of the nominal receiver sensitivity,
an input variable, and the current effect of the sensitivity time
control (STC).

7. The received pulse power is then compared to the
current receiver sensitivity to determine if it will be received.

8. Pulses that are received at power levels greater
than current sensitivity are held in an array until all pulses
received during the current simulation cycle are processed.

9. The array is time-ordered and passed on to the
processor models.

Figure 6 shows the flow of events in the downlink reply and
receiver model.

Processing Equipment Models

The original TSC model did not include transponder reply code
pulses, but considered only the F1 and Fz framing pulses of the

17
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Figure 6. Downlink reply and receiver model.
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ATCRBS reply. Modifications to the defruiter, decoder, and digital
processors were required to simulate operation on a pulse-by-pulse
basis rather than a reply-by-reply basis.

Processor equipment models were developed for use with this
model under a separate task. A detailed report on theie models
and an extensive system description has been prepared.

The primary significance of this work is the addition of
code-pulse processing to the reply-processing schemes of the
original TSC model.

A brief description of the operation of these equipments
is included here for completeness.

Defruiter Model. The modified defruiter correlates on a
pulse-by-pulse basis. Differences in elapsed time between an
incoming pulse and pulses received on the last interrogation of
the same mode are calculated. If this time difference lies within
the acceptance gate, the pulses pass out of the defruiter to the
decoder. Those that are not passed on are counted as fruit pulses
and this information is later used in the output.

Decoder Model. The decoder looks for a 20.3-ps (* a speci-
fied tolerance) spacing in the pulses passing out of the defruiter.
This spacing indicates a bracket pair has been received. Once a
bracket pair is identified, the DECODE subroutine is called to
look at the intervening pulses and determine if they fall into
code-pulse positions. The code is then returned to the main pro-
gram and can be displayed on output.

AN/FYQ-47 Common Digitizer Model. The model of the Common
Digitizer (CD) used with the Transient Effects PPM has the same
structure as the original TSC simulation except for one modifi-
cation and one additional routine. The modification consists
of a reprogrammed sliding-window function of the Common Digitizer
(CD) for compatibility with the ECAC computer, requiring a limited
amount of core storage. The additional routine necessary to com-
plete the simulation of the beacon processor portion of the CD was
a model of the code-validation functions. Also included is a
simulation of the garble conditions required as an input to the
code-validation subroutine. The input and output variables are
listed in TABLE 1.

1Crawford, C. Randall, Computer Simulations of ATCRBS Processing
Equipment for Use with the AIMS and Transient Effects Performance
Prediction Models, ECAC-PR-75-062, or FAA-RD-76-102, January 1976
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TABLE 1

AN/FYQ-47 COMMON DIGITIZER MODEL/TRANSIENT EFFECTS PPM
INPUT AND OUTPUT VARIABLES

Inputs

Window Length

Target Leading Edge Threshold
Target Trailing Edge Threshold
Reply Ranges

Reply Codes

Garble Status

Outputs

Target Start Azimuth
Target Stop Azimuth
Corrected Center Azimuth
Target Range

Reported Code

Code Validation Status

The CD model operates as follows:

1. Preparatory to entering the statistical detector routine,
bracket and code pulse detection are accomplished in a manner similar
to that discussed above for the decoder model.

] 2. Garble detection is simulated as follows: if a bracket
pair is detected which overlaps or falls in the pulse position of a
previously detected bracket pair, both replies are flagged as garbled.

3. The interrogation mode is checked. If the mode is not
3A, control is transferred to the code validation routine. If the
mode is 3/A, statistical detection is continued.

4. Azimuth degrees are converted to azimuth change pulses
(ACP's).

5. If there are no replies at the current azimuth, the |

I contents of the sliding window are shifted back in the memory, and

a zero is placed in the first window slot. This is done for all

range bins. The window consists of a series of ones and zeros

in the 11 right-most bits of a computer word. Updates are made in

E the right-most bit. This configuration helps conserve available

core storage.

6. A similar process is followed for a hit: a one is

i entered in the right-most bit, and the contents of the window are

| shifted left.

20
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7. The window count is compared against target-start
and target-stop thresholds.

8. If target start occurs, the leading-edge flag is
set and the start azimuth is recorded.

9. If target end occurs, and the leading-edge flag
has been set, target-end azimuth is recorded.

10. After the target ends, the center azimuth is com-
puted as follows:

a. The target start and stop azimuths are averaged.
b. A bias is subtracted:

BIAS = [(ITL-1) + (IWNL + 1-ITL - ITT)/2.]
ITL = target leading-edge threshold

IWNL = window length

ITT = target trailing edge threshold

Bias is converted to ACP's before correcting the
azimuth.

11. Range is calculated by finding the correct range bin
for the reply, and setting a flag in the half of the range bin in
which the reply exists to obtain 1/8-nmi accuracy.

12. After processing all replies, the remaining range bins
are updated with zeros.

13. Code validation processes are simulated in the CD
model for modes 2, 3, and C. Validation for modes 2 and C is done
automatically, switching past the statistical detection routine.

The following steps are taken:

a. The target record is checked to see if the mode
has already been validated.

b. If not, the code of the incoming reply is compared
with the code received on the last interrogation of that mode, if a
reply was received.

c. If these codes match, and the garble flags of both
replies are set to zero, the code for that mode is validated.

d. The code validation information is added to the
target report printout.

14. The leading-edge flag is reset to zero, and a target
report is printed including:

Range bin (nmi)

Start azimuth (ACP's, degrees)
Center azimuth (ACP's, degrees)
End azimuth (ACP's, degrees)
Code validation information

o0 oW
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ARTS III Processor Model. The only substantial changes made
to original simulation of ARTS III beacon processor were the in-
clusion of garble-sensing and code-validation routines. The in-
puts to the ARTS simulation and the performance outputs are listed
in TABLE 2. The operation of the model is as follows:

1. The incoming array of reply pulses is examined for
pulse spacings of 20.3 (+ 0.1 or 0.2) us. The intervening pulses
in the array are checked to determine if they occur in code pulse
positions of the reply.

2. When a 20.3-us bracket pair is detected that over-
laps a previously detected pair, the model determines whether code-
pulse positions have been entered by the overlapping reply. If
so, both replies are flagged as garbled.

3. The ARTS routine first checks the mode of interro-
gation. If not mode A or C, the number of replies is set to zero.
Otherwise, processing continues normally.

4. The maximum number of in-process targets is limited
to 45. Target records are kept in an old-target register, and,
when updated, the result is stored in a new-target register.

5. If a reply is received that begins a new target, a
target record is created at the reply range, and the hit, sweep,
and '"sumh' counts are set equal to one. Also, the miss count and
leading-edge flags are set to zero. The new target is then trans-
ferred to the old-target register.

6. On each interrogation, the incoming reply ranges are
compared with the range recorded in the old-target register. If
the incoming range is within + 1/16 nmi of the record range, the
reply is recorded as a hit. All existing targets which do not re-
ceive a hit are updated with a miss. When a hit is received, the
miss count is set to zero, the "sumh'" count is incremented by the
interrogation number, and the interrogation count is incremented.

7. After each update, the target-detection thresholds
are compared with the appropriate counts. If the leading-edge
flag is still zero, the hit count is checked against the target-
start threshold and the miss count is checked. The flag is set
if the specified number of replies for leading-edge declaration
has been received before a specified number of consecutive misses.

8. If the leading-edge flag has been set and a miss is
received, the number of consecutive misses in the register is
checked against the target-end threshold to determine if the
trailing edge has been reached.

9. Before a target is declared, the total number of
hits is compared with a minimum-run-length threshold.

10. The run length of the target is also compared
against another threshold which, if exceeded, causes a strong-
target azimuth confidence label to be included in the target
report.

22
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TABLE 2

ARTS III PROCESSOR MODEL/TRANSIENT EFFECTS PPM
INPUT AND OUTPUT VARIABLES

Inputs

Target Detection Parameters
Reply Ranges

Reply Codes

Garble Status

Outputs

Target Range

Corrected Center Azimuth
Sweep Count

Hit Count

Sum Count

Strong Target Label
Reported Code

Code Validation Number

11. The number of interrogation sweeps over which a target
continues is compared with a ringaround threshold which, if reached

before target end, causes the target to be declared a ringaround, i.e.

the target does not end, creating a circle on a PPI. The record is
then celeted from the register.

12. Code validation is performed for both mode A and
mode C.

13. A validation number for each mode is contained in
the target report. For mode A, the code bits and garble status
of consecutive replies from that mode are compared and a corre-
sponding validation number is assigned. Validation level zero is
assigned if all replies have garble tags, level one if one reply
is ungarbled, level two if one is ungarbled and the decoded code
bits match, and level three if consecutive ungarbled replies with
matching codes are received.

14. Mode C validation levels are checked in the same
manner, with validation level zero meaning no mode C replies re-
ceived. Level one is assigned if all replies are garbled and
level two if a single reply is ungarbled. Level three is assigned
for two consecutive ungarbled replies occurring with identical codes.

15. The output from the ARTS III simulation consists of
the following:

a. Range
b. Center azimuth

23
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c. Sweep count
d. Hit count
e. Sumh count
. f. Strong target azimuth confidence lable, if
reached
g. Mode A code validation number and code
h. Mode C code validation number and code.

AN/TPX-42 Processor Model. The simulation of the AN/TPX-42 pro-
cessor is similar to the ARTS III simulation in that, in both pro-
cessors, the reply ranges are merged with an in-process target array
in which incoming ranges are compared with the record range of the
most recent reply. The Common Digitizer compares incoming reply
ranges with the recorded range at the time of declaration of target
leading edge. The TPX-42 employs a sliding-window detector similar
to that of the CD, as opposed to the more complex algorithm used by
the ARTS III processor.

The model of the TPX-42 used with the Transient Effects PPM
is the same as the one included in the TSC simulation, with the
exception of the following:

1. The sliding window function is programmed differently.

2. Simulation of the Reply Detection Unit includes code
pulse recognition.

3. Code validation functions are simulated.

A list of input and output variables is provided in TABLE 3.
The flow of the TPX-42 computer model is as follows:

1. The incoming-reply pulse array is analyzed for pulses
arriving with a spacing of 20.3 * 0.15 us. Each time that interval
is sensed, the intervening pulses are tested to determine which
pulses are located in code pulse positions as measured in 1.45 us
intervals (+ 0.1 us) from the first framing pulse.

2. If two other pulses in the array are found to be
20.3 + 0.15 ps apart, and they are detected before the occurence
of the second framing pulse of the first bracket pair detected,
the model switches to the garble-sensing routine. A garble flag
is set for both of these replies if the second reply overlaps a
pulse position of the first. The garble flags and reply codes are
used later in the program for code validation purposes.

3. All replies are processed by the TPX-42, regardless
of the interrogation mode. A maximum of 20 replies can be processed
on one interrogation.
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TABLE 3

AN/TPX-42 PROCESSOR MODEL/TRANSIENT EFFECTS PPM
INPUT AND OUTPUT VARIABLES

Inputs

Window Length

Target Leading Edge Threshold
Target Trailing Edge Threshold
Reply Ranges

Reply Codes

Garble Status

Outputs

Target Start Azimuth
Target Stop Azimuth
Corrected Center Azimuth
Target Range

Reported Code

Code Validation Number

4. When the first reply in the array is processed, and
no target records exist in the register, a new record is inserted.
The range (nmi) and azimuth (ACP's) of the reply is recorded, and
a "one" is inserted into the first bit in the sliding window.

5. As replies are received on subsequent interrogationms,
the reply ranges stored in the reply array are compared with the
recorded ranges in the existing target register. If a reply range
is within the range tolerance (usually # 1/16 nmi) of an existing
record range, the reply is entered as a hit in the sliding window.
For any targets for which no replies exist on a given interrogation,
a zero will be inserted into the window.

6. After the receipt of a valid hit, the mode of inter-
rogation is checked. If a mode 3/A interrogation had been trans-
mitted, the confidence count is increased by one.

7. After receipt of a hit, the number of '"ones'" in the
sliding window is compared with the target leading-edge threshold
to determine if target start has been achieved. If a miss has
occurred, the program checks to determine if the number of '"ones"
in the sliding window has been reduced to the value of the target
trailing-edge threshold. If trailing edge is detected, and the
leading-edge flag had been previously set, the target will be
detected if the mode 3/A confidence-count threshold has been
reached.
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8. The center azimuth of a detected target is calculated
by adding the number of ACP's at leading and trailing edge, dividing
by two, and subtracting a bias value. The target range is the value
of the last recorded reply range.

9. Code validation is accomplished by using information
from the routine that performs code-pulse recognition and garble
sensing. Validation numbers are calculated by comparing the codes
and garble status of consecutive mode 3/A or mode C replies. Num- |
bers are assigned corresponding to the following conditions: level
zero when no replies are received on that mode, level one when only
garbled codes are reported, level two when one non-garbled reply is
received, and level three when two consecutive non-garbled replies
with identical codes are received on the indicated mode.

10. A target report from the TPX-42 computer model con-
sists of the following:

Range

Start azimuth

Stop azimuth

Center azimuth

Confidence check (number of 3/A replies)
Code validation number and reported code.

Mmoo A0 oW

Output

An output is provided from any simulation cycle in which one
or more target hits occur. A single line of output, consisting of
time, azimuth angle, mode and range of each target, occurs for any
simulation cycle resulting in a target hit. A complete discussion
on model outputs is given in the section MODEL OUTPUT.

System Update

During a simulation cycle, all positions are assumed to be
fixed. Since a simulation cycle is typically 2500 us, this is a
reasonable assumption. At the start of each new simulation cycle,
all the interrogator antennas are rotated in azimuth by an amount
proportional to the rotation rates. The position of aircraft may
be changed at the start of each simulation cycle; however, since
very little motion takes place during one simulation cycle, air-
craft position may be updated after a specified number of simulation
cycles.

2-PATH OPTION

The two-path option in this model evaluates ground-reflected
signals associated with the interrogator of interest. If the time
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lag between the direct signal and the reflected signal is great
enough, false targets or garbled replies will be created and
recognized by the model. In most cases the time lag will be
small (on the order of a wavelength) and the model will simulate
the lobing effects.

The method of computing the magnitude of the earth-reflected
signal is as follows:

1. The angle 6 between the horizontal and the reflected
wave at the point of reflection is computed from the interrogator-
aircraft geometry.

2. The decibel value of the smooth-earth reflection
factor is computed. This factor is based on the theoretically
derived specular reflection coefficient at the smooth surface of
a homogenous earth with specific values for relative permittivity
and electrical conductivity, and the reflection angle.

3. A modification of the smooth-earth specular re-
flection coefficient that accounts for surface roughness is
included in the model. The technique utilized“ begins with the
roughness factor, Ah, as an input variable. Using the Rayleigh
roughness criterion, the end result is the specular adjustment
factor in dB.

When either the surface roughness or the reflection angle
8 become large enough, diffuse reflection results in a stronger
signal than does specular reflection. The diffuse reflection
factor, DIFF (in dB), is calculated using the following equation
from Reference 1:

DIFF = 20 log [—
Ysin®

When diffuse reflection is the dominant mode, the diffuse
reflection factor is combined with the additional free-space
loss attributed to the longer reflected path with respect to the
direct path. This combined result is referred to as roughness
factor A (RFNSA). When specular reflection is the dominant mode,
the specular-adjustment factor is combined with the smooth-earth
reflection factor. The combined result is referred to as roughness
factor B (RFNSB). A mode selection scheme for choosing between
specular and diffuse reflection is described in Reference 3

3'Longley, A. G., and Rice, P. L., Prediction of Tropospheric Radio
Transmission Loss Over Irregular Terrain, A Computer Method -
1968, ESSA Technical Report ERL 79-ITS67, Boulder, Colorado, July
1968.
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Another reference4'provides similar calculations for the specular
adjustment factor and the diffuse reflection factor, but it makes
no mention of mode selection. Therefore, the most conservative
approach was chosen (least attenuation of the reflected wave) by
adding together the numeric values of roughness factors A and B
in phase and expressing the resultant as a composite roughness
factor in decibels. Guidelines for determination of the rough-
ness factor, Ah, as an input variable have been extracted from
Reference 4 and are listed below:

Estimates of Ah

Type of Terrain Ah in feet

Water or very smooth plains 0-15

Smooth plains 15-65

Slightly rolling plains 65-130
Rolling plains 130-260
Hills 260-490
Mountains 490-980
Rugged mountains 980-2300
Extremely rugged mountains >2300

4. The reflected signal enters the aircraft and interro-
gator antenna patterns at angles different than the direct signal.
To obtain actual power levels at a ground or airborne receiver the
new angles are calculated and the antenna pattern attenuation is
combined with the above power calculation to obtain reflected signal
power.

The above procedure must be applied to both the uplink and
downlink paths. Since these paths are the same, the combined
attenuation of the uplink propagation loss (including multipath
effects) and the antenna gain patterns is stored and used in the
downlink calculation to reduce computation time. Once the ampli-
tude of the reflected pulse is computed, the delay time, which is
simply the difference in path length divided by the speed of light,
is computed to determine if there is pulse overlap or if the width
is .8 us (Pl’ Pz, Ps), and on the downlink whether the pulse width

is .45 us (reply). At delay times greater than these there is a
distinct set of pulses. The structure of the original TSC model
allows for insertion of these pulses into the input pulse stream
of the transponder on uplink, at which point processing continues

‘ﬁeckman, P., and Spizzichino, A., The Scattering of Electromagnetic
Waves From Rough Surfaces, The MacMillan Company, 1963.
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in the normal fashion. On the downlink, additional reply pulses
are entered into the ground receiver input pulse stream and normal
processing continues. When the time lags cause overlapping pulses,
a subroutine is called to combine the pulses and find a resultant
power level. Normal processing is then continued with a modified
pulse level.

PRF STAGGER OPTION

There are increasing numbers of interrogators in high-volume
interrogator-aircraft environments that benefit from the use of
staggered PRF schemes. The staggered PRF is a useful tool in
overcoming near-synchronous interference problems.

The original TSC model operated on a simulation cycle equal
to the pulse repetition period of the interrogator of interest,
and assumed a fixed PRF. Modifications, as the following steps
indicate, were made to allow a staggered PRF to be used, in
which case the simulation cycle varies from pulse to pulse.

1. One input card with the following information is
required for each interrogator with a staggered PRF:

a. ID number of the interrogator as it appears
in the input files

b. number of steps in the staggered pattern (up
to eight)

c. the PRF's in the staggered pattern (arranged
as they occur).

2. A flag is associated with each interrogator. It is
set to 1 if the interrogator has a staggered PRF. If not, it is
set to 0. A counter is created for each staggered interrogator
to keep track of the current PRF.

3. When the program requires the next time of trans-
mission of an interrogator's P3 pulse, the flag value is read.

4. If the flag value is 0, the time of transmission is
calculated using the PRF as read from the data file where: time
of transmission = time of last transmission + 1/PRF.

S. 1If the flag is set to 1, the counter associated with
the current interrogator is read. The counter value is incremented
by 1.

6. The value found in 5 is used as an index to read the
current PRF from the PRF array associated with the current interro-
gator. If the last PRF in the array is read, the counter is reset
to 1.
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7. The PRF value found in 6 is used to determine the
time of transmission of the next P3 pulse: time of transmission =

last time of transmission + 1/PRF.
8. Time of transmission of P, and P, are referenced to

P, in the usual manner. 1 2

3

In investigating changes required for this option it was
discovered that the original model of the ground receiver could
not identify second-time-around targets. Calculations of range
were based on the time of reply, referenced to the last interro-
gation. The model did not check the time of reply to see if it
would actually occur prior to the time of transmission of the next
interrogation. The model was changed to include this check. If
the time of reply is placed in the next simulation cycle, the re-
ply is saved, referenced to the next interrogation, and processed
during the next simulation cycle. The targets associated with
replies processed in this array will now appear as second-time-
around targets close to the interrogator of interest.

The user may call the stagger option by adding one card to
the input deck specifying the interrogator file ID, the number
of stagger steps, and the staggered PRF's.

PRF JITTER OPTION

The PRF jitter option changes the pulse repetition rate from
interrogation to interrogation by adding 0, 3.6 and 7.2 us to the
PRP. The time interval added normally follows the standard FAA
five-step sequence: 0, 7.2, 0, 3.6, 3.6. Other sequences are
readily simulated.

TERRAIN OPTION

The user may call a model option to investigate the terrain
between any interrogator and aircraft in the input environment.
If the path between an interrogator and an aircraft is blocked
due to terrain, a large value of attenuation is entered into the
uplink calculation, effectively removing the transmission path.
The routine functions for each aircraft relative to the interro-
gator of interest ar- as follows:

1. A subroutine named TERCUL is called using the
latitude, longitude and altitude of the aircraft and interro-
gator of the nair under study as input.

2. TERCUL in turn calls the required subroutines, which
extract topographical data from the ECAC Topographical data base
files.

3. The topographical data is used to construct a terrain
profile along the line between the interrogator and aircraft.
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4. Next the elevation angle between the interrogator
and aircraft is computed.

S. Elevation angles between the interrogator and terrain
elevations along the profile are computed.

6. The computed terrain elevation angles are compared
to the aircraft elevation angle found in step 4. If a terrain
elevation angle is greater than the aircraft elevation angle, the
line-of-sight path between interrogator and aircraft is blocked.

7. An array is maintained that is dimensioned by the
number of aircraft and the number of interrogators. When line-of-
sight is blocked, a 1 is entered and when the line-of-sight is
clear a 0 is entered.

8. This array is passed to the main program and con-
sulted as processing of the uplink pulse powers is made. If the
path is blocked, a corresponding level of uplink attenuation is
entered into this calculation.

9. Normal processing then continues.

The ECAC topographic file consists of a grid of ground elevations
extracted from topographic maps and stored in compressed form on mass
storage. The data is used to construct topographic profiles between
interrogator and aircraft. The model uses 30-second data.

OBSTACLE OPTION

The obstacle option allows the user to specify up to 50 obstacles
around the interrogator of interest. These are specified by an ele-
vation angle to the top of the obstacle from the interrogator of
interest, an azimuth-start angle and an azimuth-stop angle. Blocked
transmission paths are then found in the following manner:

1. The azimuth and elevation angles to the aircraft are
computed.

2. The elevation angle to each obstacle is compared with
the elevation angle of the aircraft.

3. If none of the obstacles have elevation angles greater
than the aircraft elevation angle, line-of-sight conditions exist
and normal processing continues.

4. If an obstacle has an elevation angle greater than
the aircraft elevation angle, a test is made to determine if the
aircraft azimuth angle lies within the obstacle start-stop azimuth
angles.

5. If the conditions in4 are met, the line-of-sight is
blocked and a corresponding level of attenuation is entered into
the uplink path.

6. Normal processing then continues.
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MODEL INPUT

A typical set of run data cards is shown in Figure 7. The
five basic run cards specify the following:

START - interrogator of interest, simulation run time
and ground receiver variables

RANGE - radius around interrogator of interest of air-
craft and interrogator selection from the data
files

RANDOM - seed for random number generator used when
random initial interrogator azimuth angles
or random start times are desired

TNSPDR - transponder parameters

SWITCH - switches for choice of model options
TABLE 4 defines the card abbreviations.
A major modification to the original TSC model was the replace-
ment of card inputs for interrogators and aircraft deployments with

inputs provided directly from the ECAC data base.

Interrogator Files

Interrogator environments are culled from data in ECAC's IFF/
ATCRBS Data Base. Using the ID number of the interrogator of
interest, the model determines its latitude and longitude. Using
this information, the data base files are automatically searched
to extract the information on all interrogators within a specified
select radius around the interrogator of interest. The selected
interrogators, along with the aircraft information extracted from
the aircraft deployment files, form the total working environment
for the specified run.

ECAC's IFF/ATCRBS Data Base files are constantly updated by
the FAA. Thus the most up-to-date information is always available.

Each interrogator record in the file contains the following
information:

1. IFF/ATCRBS file identification number
2. ECAC identification
3. Security classification (S, C, U)
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TABLE 4

INPUT PARAMETER DEFINITION TABLE
(Page 1 of 6)

Parameter
Card ID Abbreviation Parameter Description
START I0 ID NO. IFF file number of the interro-
gator of interest about which
the simulation is referenced

SIMUL TIME Time of the simulation run
(seconds)

START TIME Number of PRP of central interro-
gator to occur as initialization
prior to start of simulation run

DEFRUITER GATE| Tolerance of defruiter framing
pulse detection (us)

SENS REDUCT Initial reduction in interro-
gator receiver sensitivity 15.36
us after P3, reduces short range
sensitivity (dB)

RSLVL Interrogator receiver sidelobe
suppression to mainbeam com-
parison level (dB) for STC

GR REC SENS Ground receiver sensitivity (dB)

RANGE INTER SELECT Select radius for interrogators
about interrogator of interest
(nmi)

A/C SELECT Select radius for aircraft about
interrogator of interest (nmi)

PPI MINIMUM Minimum range of simulate PPI (nmi)

PPI MAXIMUM Maximum range of simulate PPI (nmi)

RANDOM ISEED Five digit integer number used as
seed for all random events in
simulation
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TABLE 4

(Page 2 of 6)

Parameter
Card ID Abbreviation Parameter Description

AZIMUTH SW Switch for random assignment of
interrogator initial azimuths

0 = off

1 =on

RPM SWITCH Switch for random bias of interro-
gator rotation rates

0 = off

1 on

RANDOM ST TIME SW Switch for random occurrance of
first pulse of interrogation

0 = off
1 on

TRNSPDR | ACT OR PAS 0 for passive transponder

1 for active transponder

REPLY DEAD T Transponder dead time after
reply (us)
DELAY Time delay in transponder for

processing reply (usually 3 us)

DESDIF Transponder desensitization
difference (dB)

EFF RAD PPWR Transponder effective radiated
peak power (dBm)

A/C ANT GAIN Transponder antenna gain (dB)

SUPPRES TIME Transponder suppression time
(us)

REPLY RT LMT Reply rate limit (replies per
sec)
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TABLE 4

(Page 3 of 6)

Parameter
Card ID Abbreviation Parameter Description
MAX SENSTV Nominal sensitivity [without
any reduction (dB)]
RR LIM CONT Reply rate limit cutoff dB
SWITCH ANT PTRN BYP Aircraft antenna bypass
switch
1 =on
0 = off
(assume 0 dBi omni)
DEFRUITER Ground receiver defruiter
1 =on
0 = off
PRINT

EARTH RADIUS 4/3 earth option

b 3

= on
0 = off
| RR LIM CONT Switch indicating if reply rate

limit counts suppressions as well
as interrogations

MOVING A/C Moving aircraft switch
1 = moving
0 = stationary

TERRAIN CULL Terrain blockage switch

1 = terrain inspected for
blocked transmission

0 = terrain not considered

SWITCH 2-PATH Two path option switch
1 = 2-path on
0 = 2-path off
36




FAA-RD-77-75 Section 3

TABLE 4

(Page 4 of 6)

Parameter
Card ID Abbreviation Parameter Description
ICD ICD Common digitizer is on if this
card is in the run deck
LEADING EDGE Number of successive hits re-
quired to define leading edge
of target
TRAILING EDGE Number of successive misses
required to define trailing
edge of target
SLIDE NNDW LTH | Number of successive hits re-
quired to declare a target
KARTS3 KARTS3 ARTS III is on if this card is
in the run deck
HIT COUNTER No. of hits required prior to
a specified number of misses
to set target leading edge
flag
HIT CTR LMT Minimum hit required to declare
target
MISS COUNTER Specified number of misses
associated with setting target
leading edge flag
OT MISS CTRL 0ld target status check
OT HIT CTRL Minimum number of sweeps used
for target validity
RING LIMIT Number of hits on target re-
quired to declare ring around
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TABLE 4

(Page 5 of 6)

Card ID

Parameter
Abbreviation

Parameter Description

KTPX42

KTPX42

NOBS

- STAG

STRONG TARGET

KTPX42

CONFID LEVEL

TAR LDG EDGE

TRAILING EDGE

WINDOW LENGTH

NOBS

LEFT EDGE
RIGHT EDGE
ELEVATION
STAG

ID

Number of hits required to de-
clare high quality target

TPX42 processor is on if this
card is included in the run deck

Number of hits that must be re-
ceived on a primary mode to de-
clare valid target

Number of hits in the window
required to set target leading
edge flag

Number of hits in the window
is reduced to this number to
declare trailing edge after
target has been declared

Length of sliding window (number
of excessive hits and misses)

One card is required for each
obstacle to be placed about the
interrogator of interest start
and stop (left and right) angle
in degrees is specified for the
obstacle 0 degrees is North

Elevation angle above horizontal
One card is required for each
stagger PRF interrogator in the
model

ID no. of staggered PRF interro-
gator
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TABLE 4

(Page 6 of 6)

Parameter
Card ID Abbreviation Parameter Description
NSTS Number of steps in stagger
pattern up to 8
NPRF1 PRF's used in staggered
Z pattern as they occur
NPRF8
JITT JITT One card required for each
interrogator with jittered
PRF
ID ID no. of jittered PRF
interrogator
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Latitude and longitude (degrees, minutes, seconds)
Site elevation (feet above mean sea level)
City/military-base name
State
Antenna equipment nomenclature

9. Antenna height (feet)

10. Antenna scan rate (rpm)

11. Antenna mainbeam gain (dBi)

12. Antenna horizontal malnbeam width (degrees)

13. Antenna sidelobe gain (dB1)

14. Antenna horizontal s1delobe width (degrees)

15. Antenna backlobe gain (dB1)

16. I/R equipment nomenclature

17. Sidelobe suppression indicator (conventional, improved,
no SLS, RSLS)

18. Mode interlace

19. Transmitter output power (peak kW)

20. Receiver sensitivity (dBm)

21. Pulse repetition frequency (pulse pairs per second)

22. Operating agency (USAF, FAA, etc.)

23. Unit or division of operating agency

24. Environment indicator (MIN: operates at least 8 hours
daily; included in normal or minimum environment. MAX: 1limited oper-
ation; included in maximum I/R environment only).

[ - o N, B

Aircraft Deployment Files

ECAC has constructed aircraft deployment files for many areas
in the continental U.S. from photographs of ATCRBS replies on radar
plan position indicator (PPI) scopes and digital target report listings.
Latitude, longitude and aircraft altitude are currently in this file
and provision is made in the model to accept aircraft speed, heading,
pitch, yaw and roll data. The information on transponder reply codes
used with the modified processor subroutines is currently entered
separately via card deck.

Other transponder characteristics are described on the TRNSPDR
input card.

MODEL OUTPUT

Figures 8a and 8b are typical pages of model output. Each pulse
repetition period of the interrogator of interest that produces one
or more target hits, as identified by the decoder, will show up as
a single line of output. This line will print out, reading from

& hree-level approximation of horizontal pattern.

40




TIPS, V=S

Section 3

FAA-RD-77-75

LLLe
(YR ¥A

IV Lok ) 93 §968°C9 =MANWIZVY dOLS

vozi
oozt

oozt
gozt

vozt
oozt

oozt
oozt

oozt
o021

vozi
oozt

oozt
oozt

oozt
o021

oozt
oozt

*sjxodex xossedoxad yirtm 3a8xe3 sy8urs

( S334630 €2L0°%9
t S33u930 1502°09
( $33¥930 9520 9¢
( SIVIN WIILNYN S2IE°0C

-~

9°cy
9o
9°Ce

61 = ¥I3HD 3IN30QIINOD

se® IDIQLANQD HANWIZY L39UVL ONQULS =

] S33¥930 ¥SL0°09 = HANWIZv ¥3INID
S3VIm WIILANYN 00S2°08 =  3IONVY 139uV)

€°0¢
c€e0g
€°0¢
€°0¢
ceog
€ oc
€°0g
ceog
€°0¢
£°0¢
€°0g
€°0g
€°0g
£°0¢
€°0¢
€°0¢
£°0¢
£°0¢
€°0¢
€°0¢
€°0¢
€°0¢
€ 0¢

62,
S99
2n9
22t

*WON (0S8 ) IIONVH °Xym SEIM0IS < € C C € € € < ¢

(SdIV TH9 ) 930 64€€°9S
(SdJv %89 ) 930 2L1T1°09
S3TIW IVIILNYN 0052°0F

:andano [opow TedT1dAL

002T SI 031vOaITvA 300D v 300w

4V SdO4S 139¥vL
1v WYVYWN ¥3LNID
1V SLYViS 139¥vi

NI8 3JONVY

€=-0021
= HAOWIZY  LN¥VLS
= HANWIZY ¥3INID
= 39NVY 139¥vl

£=-0027
£-0021

904 = ¥ILINNOD HANS

(14
2t

S ¥3ALINNOD  LIH
= ¥3ILINNOD d33mS

39NV Y

140434
13%yvl
¥3z111910
NOWNOD

18043y
139%uvl
Zh=Xdl

14043y
13%4vl
€ Siuv

CCCCCCCK«

‘eg 2andty

sesee
s s
L
seves
X X
X
X X
sssse
.
L]
v
v
d
v
v
]
v
v
d
v
v
d
v
v
2
v
v
k)
v
v
J
v
v
d
v
v
d
v
300w

1€2°C9
000°€9
69L°29
8€5°29
80€°29
L40°29
9%8°19
S19°19
SeC 19
#ST°19
£€26°09
269°09
290°09
1€2°09
000°09
69L°6S
9€S°6S
90€°6S
LL0°6S
996
S19°96
SeC es
*61°0S
€26°LS
269°LS
29%°LS
1e2LS
000°4S

HINWI2V

coL”
oo0L*
169°
$69°
269°
069°

i

41




Section 3

FAA-RD-77-75

P

NI
n9¢k

"It
L1 Y

L L INN
a9¢Cx

n9¢E
L1 1Y

n9Es
"9

*SOTISTIBIS UBDS JO pud :3ndjno y1opow [edTdAL -qg aandty

L56° = ALINIQVEOY¥d NOISS3¥ddNS €66° = 111718vE0N¥d ATdIY

*000° SI WOIWINIW 4925°0th SI WNWIXVW *g£92°cet SI SNVIS T ¥3A0 ONOJ3S ¥3d NOISS3¥ddNS 40 3ILvH 39VHIAV
*000° SI WMWINIW  ¢925°0TH  SI WAWIXVA *€9L°4€€  SI SNVIS T ¥3A0 GNOIJ3S ¥3d SIS YNITdN J0 31VH IJOVHIAV
*0u0* SI WNWINIW ¢000°1SE  SI WNWIXVW *000°SE SI SNYDS T ¥3A0 ONCOI3S ¥3d Ad3¥ 40 31vH IOVHIAV
*000° SI WANINIA  ¢00S°0LE  SI WANIXVW *0G2°S¢ SI SNVIS T ¥3A0 QGNOD3S ¥3d NOILVOOUNILNI 4O 3ILVH IOVH3IAVY
181 SI WOWINIW et SI WIWIXVW *L97 SI SNVIS T ¥3A0 NVIS ¥3d 1INNJ I9VH3AY

(*0 a0 -1 0@ - J 401 - ¥V 43O A8 LIN¥A) 48T S1 T YIGWAN NVIS ¥O4 INNOD LINNd
*h S1 1% YIOWNN NVIS HO4 LNNOD L39MVL Zh=Xdl

“0 SI 1nNN0D A39WVL ONNOWY ONIY ‘n SI 1 HIBWNN NVOS ¥0d4 LNNO) L39MWYL GIWA $=Siuv

*h SI 1 H3BWNN NVIS ¥04 INNOD L3IONVLI O

2°ST v e22° £00°w

e°St ¥V 866°6SC 000°%

2°St J L9L°6SS L66°C

2°Sst ¥V LES°6SE S66°C

2°St vV 90€°6SE 266°C

2°St J GL0°6SE 066°C

2°St V #98°8SC LO6°C

2°St vV £19°86C §96°C

2°St J €9E°9SE 2WV6°C

2°st V 26T 9SE 6L6°C

2°St ¥V T26°LSE LL6°C

2°St J 069°LSE wL6°C

2°St vV 09%°LSE 246°C

2°St vV 622°LSE 696°C

2°St ¥V L94°98C w96°C

‘W°N (°0S ) :IONVE °XVUN SEI0IS ¢ < < < C ¢ < << I9NVY €CCCCCCEC<CK< 300 HAMWIZY 3INIL

42

ey




FAA-RD-77-75 Section 3

left to right, the current time, the angular position of the
interrogator of interest in degrees, the mode of the interro-
gation, and any target replies received during the current
simulation cycle. Targets are described by range, in nautical
miles from the interrogator of interest, and by azimuth.

After a complete 360 degree rotation of the interrogator
of interest, the following statistics are printed:

1. Running target counts for the CD, TPX-42, and
ARTS III processors

2. Fruit count for each 360° rotation by mode of
interrogation

3. Average, maximum, and minimum fruit per 360°
rotation to date

4. Average, maximum, and minimum interrogation,
reply, uplink SLS, and suppression rates for each aircraft

5. Reply and suppression probabilities for each
aircraft.

The three processors will produce output at any time during
the run when their respective detection criteria are met. Pro-
cessor output for each target detected consists of the following:

(o))
Range bin (nmi)
Start azimuth (ACP's, degrees)
Center azimuth (ACP's, degrees)
End azimuth (ACP's, degrees)
Code validation information
ARTS III

Range
Center azimuth
Sweep count
Hit count \
Sumh count 3
Strong target azimuth confidence label, if
reached
Mode A code validation number and code
Mode C code validation number and code
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TPX-42

Range

Start azimuth

Stop azimuth

Center azimuth

Confidence check (numbe. of 3/A replies)
Code validation number and reported code.
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SECTION 4

SUMMARY

A Transient Effects PPM has been developed to allow ECAC to
simulate short-term ATCRBS performance at a pulse-by-pulse level.

The model includes options to simulate terrain and obstacle
blocking, staggered and jittered PRF's, and two-path propagation.

The first application of the Transient Effects PPM will be
to examine the performance of the terminal beacon at Washington
National Airport and the enroute interrogator at JFK, New York,
with the objective of analyzing time-related effects such as
broken and missed targets and PRF changes, This work will
be reported under Detailed Analysis Task 20-b.l1 of the ATCRBS
Spectrum Management Program (reference report FAA-RD-77-89).

RECOMMENDATION

The FAA may wish to consider further work in this area at some
later time to augment the transient effects performance prediction
model with a simulation of the ARTS II processor.
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