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FOREWORD 

The testing, analysis and improvement of video digitisers is a 
dynamic process. As our knowledge of the digitising phenomena is 
extended and as the state-of-the-art advances, more mature judgment 
can be exercised in selecting the optimum in digitiser design and 
testing. 

This test program taught u« much about the technical character¬ 
istics of digitisers and the art of testing digitisers Instrumentation 
was developed to test parameters that had never been thoroughly 
tested before. Faster and more efficient data reduction and analysis 
techniques using digital computers evolved. And, as is generally 
the case in test programs with new devices, we learned that much 
remains to be done. 

No claim is made that this document completely describes all 
technical aspects of the Radar Video Data Processor (RVDP). In 
some areas, the data may appear incomplete or insufficient. Never¬ 
theless, the data are presented as collected and analyzed Many 
of the important characteristics of the RVDP and digitizers in 
general are fully described. We feel that in spite of any limitations 
that the report may have, it is, nonetheless, a clear indication 
that digitizers are here to stay- that they can be made to adequately 
perform the functions of target detection and data transmission. 

The program presently underway to test and evaluate the 
AN/FYQ-40 (Common Digitizer) is part of the continuing process 
to better understand the capabilities and limitations of digitizers. 
The degree of maturity tha¿ has been achieved in the testing of the 
RVDP will be present in the Common Digitizer test program 
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ABSTRACT 

The Radar Video Data Processor (RVDP) processes primary and 
secondary raw radar information to derive aircraft position and to 
extract identity and altitude code information. The processed data 
are in digital format and are remoted over narrow-band telephone 
lines. 

Detailed tests of the RVDP detection criteria did not reveal any 
unexplainable deviations from detection theory. The on-line tests indi¬ 
cated that system sensitivity and track-thru-clutter capability compared 
favorably with unprocessed radar data remoted by conventional wide¬ 
band systems. In the course of the test program certain modifications 
were incorporated into the RVDP, and at the conclusion of the test 
program other modifications were recommended. 

It is concluded that the RVDP represents a suitable design for 
the reliable detection and processing of primary and secondary radar 
information for the National Airspace System. 

It is recommended that the modified RVDP be integrated into the 
NAFEC System Support Facility for the National Airspace System for 
operational testing as a component of that system. 



SUMMARY 

The Radar Video Data Proce■■ or ÍRVDP) digitizes primary radar 
returns and beacon (secondary surveillance radar) replies to derive 
aircraft positional information and extract beacon code information. 
A single digital message is prepared for each target for each scan of 
the antenna. This message is transmitted from the remote site to 
the computer complex at the control center via voice bandwidth tele¬ 
phone lines. 

A comprehensive test program was undertaken to determine the 
performance characteristics of the RVDP in order to provide data 
related to the design specifications and the development of the 
AN/FYQ-40 (Common Digitizer)( and to provide preliminary data 
relevant to the application of the RVDP as a component of the System 
Support Facility for the National Airspace System (NAS). 

The test program consisted of a series of static and dynamic 
tests. The static tests were performed using controlled laboratory 
generated input signals which simulate live inputs. The dynamic 
tests were to verify the findings of the static tests with the use of i 
live inputs from test aircraft. 

The primary radar detection process consists of video quantisation 
and statistical detection. The video quantization tests were performed 
by applying various levels and durations of input signals with several 
values of percent noise into the radar quantizer. The statistical 
detection process, which consists of storing returns until selected 
leading and trailing edge thresholds have been reached, was tested 
using well defined input signals and a wide range of threshold settings. 
The effectiveness of the Automatic Clutter Eliminator (ACE) and the 
run length discriminator functions were also tested. The rate of false 
target detection as a function of percent noise and threshold settings 
was also determined. A series of graphs were plotted which describe 
the results of the static tests. From these graphs, the performance of 
the primary radar detection processes can be determined. 

Dynamic tests of radar detection were performed with test aircraft 
flying in prescribed patterns while data were recorded on magnetic 
tape. The tapes were analyzed using a computer program to tabulate 
and print out the desired information. These tests produced curves 
which describe the RVDP performance with live inputs including per¬ 
formance in areas of clutter. 
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The beacon detection process is performed in four basic steps: 
pulse detection, bracket detection, target detection and code detection. 
The pulse detection tests were performed by applying various levels 
and durations of input signals into the beacon quantizer. The effect of 
receiver noise and closely spaced pulses was also tested. The bracket 
detection process of recognizing the presence of a beacon reply was 
tested by varying the bracket spacing of the input signal over its com¬ 
plete range of detection. The target detection process, as in radar 
detection, consists of storing replies until selected leading and trailing 
edge thresholds have been reached. This was tested by applying input 
signals, which simulated live inputs, including effects of the signal 
environment such as the presence of non-synchronous replies or fruit. 
Several values of leading edge thresholds were checked. The rate of 
false target detection as a function of fruit density and threshold settings 
was also determined. The code detection process consists of code pulse 
sampling, garble sensing, and code validation. The code pulse sampling 
zone for each code pulse was determined by varying each code pulse over 
its entire range of detection. Varying the relative positions of two code 
trains determined the garble sensing characteristics of the RVDP. The 
emergency code sensing characteristics were also determined by varying 
each code pulse of the emergency codes over its range of detection. The 
code validation process is performed by comparing presently-received 
code with the previously-stored code for each interrogation mode. This 
process was tested as a function of fruit density to determine perform¬ 
ance characteristics. Dynamic tests, using test aircraft and targets of 
opportunity, were performed to verify the static tests results. All the 
static and dynamic tests results were plotted and the resulting graphs 
describe the performance of the RVDP under the specified conditions 
for each process. 

An additional series of beacon target detection and code detection 
tests were performed to determine the effect of using a defruiter to 
remove most ot the non-synchronous beacon replies. 

The RVDP's capability to generate modes A/3, 2 and C interro¬ 
gation nuise pairs was also tested. 

The total system accuracy in both range and azimuth is a function 
of the primary radar and beacon systems supph ing the inputs to the 
RVDP. Tests with controlled inputs were conducted to determine to 
what extent the RVDP itself could contribute to system error. The 
range and azimuth error distributions for both primary radar and 
beacon inputs that resulted, describe the correction bias that is 
necessary within the RVDP under various conditions. Flight tests 
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were conducted to verify the eUtic test reeulte. These tests employed 
an independent aircraft position determining system for comparison. 
Data reduction, comparison and analysis were performed using com¬ 
puter programs. 

The capability of the RVDP to resolve targets whose returns occur 
in close proximity is also a function of the primary radar and beacon 
systems supplying the inputs as well as the RVDP itself. A series of 
sUtic tests were performed to determine if the range and azimuth 
resolution characteristics of the RVDP were as predicted. This was 
performed for both primary radar and beacon. Dynamic tests were 
also performed to include the effects of live inputs. It was determined 
that the range and azimuth resolution functions perform as expected. 

The data obtained during flight tests were analyzed to determine if 
range and azimuth splits might be a problem. When a split occurs, 
more than one message output is generated for a single target, indicating 
falsely that more than one target exists. Scope photographs of this 
phenomenon were also obtained. 

Further analysis of flight test data yielded information concerning 
the amount of delay or time-in-storage encountered by target messages 
awaiting transmission over telephone lines. This information was used 
to produce distributions of time-in-storage as a function of target density 
including clutter conditions. 

During many of the flight tests, especially when weather clutter 
was present, a count of total messages processed per scan was main¬ 
tained at the RVDP output. A series of graphs were produced showing 
distribution of message transfer rates for various clutter conditions. 

Several modifications were made to the RVDP during the course of 
the test program. Five of these were made to functionally make the 
RVDP more resemble the CD. Four more modifications were incor¬ 
porated to improve the performance of the RVDP and came about as a 
result of information obtained from the test program. 

During the course of the test program, a maintenance log was kept 
on the Elwood, N. J., RVDP to determine the nature and the extent of mal¬ 
functions encountered. Availability data were collected and tabulated 
for the RVDP located at Suitland, Maryland. 

The testing of a complex device such as the RVDP presents many 
problems of instrumentation. Many times, to effect the configurations 

xii 



necessary to perform the tests, a great deal of time and test equipment 
were required. To facilitate testing, three special test instruments 
were developed and built by the project team. The Digital Target 
Generator Test Set is a device which can simulate a controlled radar 
or beacon signal environment with three independently variable test 
targets. The Beacon Reply Counter is a device which was built to 
count live beacon replies and provide a direct recording of the azimuthal 
distribution of those replies. This recording describes the beacon 
environment that exists at a site. The Digital Data Recorder was built 
to record and print out message outputs from the RVDP. This system 
was used at the site. 

The tests of the RVDP detection criteria did not reveal any unexplain¬ 
able deviations from detection theory. The on-line tests indicated that 
system sensitivity and track-thru-clutter capability compared favorably 
with unprocessed radar data remoted by conventional wide-band systems. 

It is concluded that the RVDP represents a suitable design approach 
for the reliable detection and processing of primary and secondary radar 
information for the National Airspace System. 

It is recommended that the modified RVDP be integrated into the 
NAFEC System Support Facility for the National Airspace System for 
operational testing as a component of that system. 
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INTRODUCTION 

Purpose 

The purpose of this project was to determine the performance 
characteristics of the Radar Video Data Processor (RVDP) to provide 
data related to the design specifications and the development of the 
Common Digitizer, and to provide preliminary data relevant to the 
application of the RVDP as a component of the National Aviation 
Facilities Experimental Center (NAFEC) System Support Facility 
for the National Airspace System (NAS). 

Background 

The RVDP digitizes primary radar and beacon (secondary surveil¬ 
lance radar) data at the radar site so that the radar information may 
be remoted via voice bandwidth telephone lines. Studies of a similar 
United States Air Force (USí;^) radar data processor, the AN/FST-2, 
established the cost advantage of using a narrow-band data transmission 

By direction of the Administrator, * it has become the Agency policy 
to "(1) adopt the principle of digitizing radar and radar-beacon data when 
such digitized data is required by virtue of the design of processing and 
display systems utilizing such data; (2) digitize this data at the radar 
sites and transmit it by voice-bandwidth channels when remoting is 
required; and, (3) follow these principles in development and imple¬ 
mentation programs. " This policy is constrained to the extent that 
such digitizing, processing, and display functions will not, at any time, 
result in an increase in air traffic separation minimums or a decrease 
in data reliability and system availability provided all system elements 
are operating within design limits. 

In accordance with Contract FA-WA-4693, the RVDP was developed 
oy the Burroughs Corporation from design criteria specified by the 
Federal Aviation Agency (FAA). Four units were purchased for use in 
the System Support Facility of the NAS at NAFEC. Two units are 
operating with terminal radars--one at NAFEC (ASR-5) and one at 
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Philadelphia International Airport (ASR-6); and two are operating with 
enroute radars--one with an ARSR-2 at Elwood, New Jersey, and one 
with an ARSR-1E at Suitland, Maryland. The outputs of the Elwood, 
Suitland and Philadelphia units are remoted to NAFEC via Class 4A 
telephone lines. Only the enroute RVDP's (Elwood, N. J., and Suitland, 
Md. ) were tested during the execution of this project. 

Brief Description of RVDP 

The RVDP was designed to derive aircraft positional information 
from primary radar and beacon inputs. Beacon code replies for mode 
A/3 (identity), mode 2 (military identity), and mode C (altitude) are 
processed and reported with the associated positional information. 

Input to the RVDP consisted of primary radar video, beacon video, 
radar pre«trigger, and antenna position data from an Air Route Surveil¬ 
lance Radar (ARSR-2) and an Air Traffic Control Beacon Interrogator 
(ATCBI-3). After detection and processing of radar targets by the 
RVDP, target-report messages (digital) were transferred from the 
data-transmission group at the remote site to the data-receiver group 
at NAFEC. Three voice-quality Class 4A telephone lines terminated 
at both ends with data transmitters and receivers (modems), type 26B 
manufactured by the Lenkurt Electric Company, were used to accom¬ 
plish the data transfer. Each line was driven at a 2400 bit-per-second 
rate for a total capacity of 7200 bits per second. 

A more complete description of the RVDP is given in Appendix I. 

Test Program 

Before any tests had been performed on the RVDP, a joint FAA/DOD 
(Department of Defense) decision was made to procure the AN/FYQ-40, 
or Common Digitizer (CD), for joint USAF-FAA use. In order to gain 
the maximum benefit from the test and evaluation program, the RVDP 
at Elwood, N. J., was modified to more close'y resemble the CD. 
These modifications and additional improvement modifications are 
discussed briefly ‘.n Appendix II. Subsequent experimentation was all 
performed on the modified Elwood RVDP. The enroute RVDP at 
Suitland, Maryland, was not modified and was operated 24 hours a day 
to collect reliaaility data. These data are presented in Appendix III. 
The test and evaluation of the RVDP began on March 23, 1965, when 
the last modification was completed. On June 7, 1965, the unmodified 
RVDP at Suitland was put on 24-hour operation. The formal test 
program was completed on March 1, 1966. 
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The test plan was prepared by the FA A (Test and Evaluation 
Division, NAFEC) and coordinated with the USAF (416M SPO, ESD, 
Hanscom Field, Massachusetts) to insure that the tests performed would 
be acceptable to both agencies involved in the CD development program. 
As each test called for in the test plan was completed, a data report was 
written containing the results of the test. A memorandum report was 
issued ijhich summarised the results of the flight-test phase of the 
project. These preliminary reports were written so that all available 
information relative to the CD development program could be supplied 
to those responsible for that program. This report summarizes the 
information included in these reports. 

4 
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DISCUSSION 

Primary Radar Detection 

The detection of primary radar targets is accomplished in two 
steps. In the first step, video quantization, the analog radar video 
signal ia quantized in range and amplitude. The RVDP divides the 
radar trigger period into discrete range cells. The size of the range 
cell is approximately equal to the pulse width of the radar and, in the 
case of the ARSR-2, it is 3. 09 microseconds(l/4nautical mileji The radar 
video signal is compared to an amplitude threshold so that each range 
cell may be represented by a one or a zero depending on whether or not 
this amplitude threshold has been exceeded. Thus, further target process¬ 
ing and actual target detection may be accomplished using digital techniques. 

The digital processing of the quantizer output is the second step in 
the detection process and is termed statistical detection. A sufficient 
number of consecutive radar trigger periods which have been thus 
quantized are stored in the memory of the RVDP to represent the 3 dB 
(decibel) beamwidth of the radar. For the ARSR-2, thirteen radar 
trigger periods are stored in this manner. Each range cell is then 
examined to determine whether the amplitude threshold has been exceeded 
for a sufficient number of radar trigger periods to indicate that a target 

present at that range. During each succeeding radar trigger period, 
the oldest radar trigger period stored in memory is replaced by the 
current trigger period and each range cell is again examined for the 
presence of a target. This radar detection process is termed a sliding 
window detector apd, in theory, will perform almost as well as an ideal 
linear integrator. 

In the following sections, this basic detection process will be 
described in detail along with the results of specific tests. 

Video Quantization; The quantizer performs the amplitude and 
range quantization function. It consists of a slicer which provides a 
"one" logic level when the input video signal exceeds the amplitude 
threshold reference level and timing circuitry for range orientation of 
the output. Separate quantizers are provided for the normal and Moving 
Target Indicator (MTI) channels. These quantizers are identical and 
the description provided is valid for both. 

Reference 5 
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Description - The clock signal used by the quantizer is a 2. 59 
Mc/s (megacycle per second) signal from the Azimuth Range and Timing 
Group (ARTG) of the RVDP. This clock is shock started with every 
radar pretrigger and so provides a clock signal whose period is 0. 386 
microseconds (1/32 nautical mile) synchronous with the radar generated 
time base. The clock is counted down by 8 to generate the 1/4 nautical 
mile (nmi) range cells of the RVDP. 

To help discriminate against impulse noise, the output of 
the quantizer is subjected to a minimum width criterion. The video 
signal must remain above the amplitude threshold for a minimum of two 
clock times before it is accepted for further processing. Since the radar 
pulse is approximately the same width as the range cell, most radar 
returns would occur in portions of two range cells. To reduce the 
incidence of a single radar return being reported in two range cells, 
the output of the quantizer is suppressed for a fixed number of clock 
counts after the first clock period quantized. This is termed the range 
discrimination function. Suppression for eleven clock counts from the 
leading edge of the quantized pulse was required to assure that fewer 
than 5% of the target returns were reported in more than one range cell. 
Radar video would have to remain above threshold for from 3. 86 to 4.25 
microseconds to be processed in more than one range ceil, (The exact period 
is determined by the relative phasing of the quantizer output and the clock. ) 

During periods of no clutter, the quantizer amplitude refer¬ 
ence is set for a fixed probability of quantizing receiver noise. On the 
RVDP this control is termed percent noise (P ). To compensate for 
minor changes in the level of receiver noise this clip level is under the 
control of a slow feedback loop (Figure 1). Quantizer hits are applied 
to a noise metering circuit where they are integrated and compared to 
a manually selectable reference voltage. An error signal is derived 
which is fed back to the quantizer clip level reference input after further 
integration in a long-time-constant amplifier (the overall time constant 
is approximately one second). 

When clutter is present it is desirable to raise the quan¬ 
tizer amplitude reference in proportion to average clutter amplitude. 
A separate reference voltage, used only when clutter is present, is 
derived from filtered video as shown in Figure 1 (fast feedback loop). 
The time constant of the low-pass filter is approximately 10 micro¬ 
seconds, which allows this reference voltage to respond quickly to 
clutter amplitude changes. The presence of clutter is sensed at the 
output of a three bit sliding window integrated over five range cells. 

5 
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Tests of the quantizer included checks of the reference 
level control system and tests of quantizer performance with controlled 
video inputs. 

Reference Level Control 

A* Test Procedure - The operation of the slow feedback 
loop was checked by varying the input video noise level from its nominal 
0.3 volts up to 0.7 volts with the percent noise control set at 4%, 8%, 
and 12%. The actual percent noise was monitored by counting the 
quantizer output. 

The operation of the fast feedback loop and the clutter 
sensing system used to switch between the slow and last feedback loops 
was checked by photographing waveforms at the test points indicated in 
Figure 1. The input signal was a 70 microsecond radio frequency (RF) 
pulse applied to the radar waveguide directional coupler. This 70 micro¬ 
second pulse was varied in amplitude and represented a crude simulation 
of a ring of clutter of varying strength. 

Test Results - The results of the slow feedback loop 
check are shown in Figure 2. The measured percent noise decreased 
slightly as the noise level was raised. This indicates that there was a 
slight overcorrection in the slow feedback circuit. The indicated over- 
correction would not seriously affect the probability of false alarm or 
the probability of detection. 

The photographs of the waveforms of Figure 3 are the 
results of the check on the fast feedback loop and reference switching 
logic. These waveforms were present at the indicated test points when 
the simulated clutter, described in the test procedures section, was 
applied to the radar input. The test points refer to the block diagram in 
Figure 1. The test signal amplitude is given in terms of dB relative to 
the radar minimum discernible signal (IvlDS). Tie upper trace on all 
oscilloscope photographs is the input video signal (TP-1), The output 
of the quantizer is actually applied to two sliding window detectors. The 
target detection sliding window detector is discussed in detail in the 
following section. The three bit sliding window of Figure 1 is the 
clutter detection sliding window. The output of the adder (TP-3) is the 
sum of the quantizer outputs for the current range cell for the past three 
radar trigger periods. It can be seen that only four levels are possible 
at this point :orresponding to the sum of 0, 1.2, and 3 hits in the three 
cells added. This sum is integrated in range by a low-pass filter whose 

time constant is approximately five range cells (15 microseconds). Thus, 
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the integrated output (TP-4) is proportional to the number of hits in a 
range-azimuth window which is five range cells long and three radar 
triggers wide. When this output exceeds a pre-set threshold, a level 
change (TP-2) allows the fast feedback quantizer amplitude reference 
(TP-5) to control the video quantizer threshold (TP-6). The output of 
a similar sheer is used to disable the long time constant feedback loop 
while clutter is being quantized. Thus, the long time constant reference 
is prevented from rising in the presence of clutter, and a suitable ampli¬ 
tude reference for use at ranges where there is no clutter is maintained. 

Performance - As a check on quantizer performance, a test 
was performed to determine the probability of declaring a hit (probability 
of quantizing) in a particular range cell as a function of percent noise 
setting and target power. 

A. Test Procedure - With the radar receiver input termi¬ 
nated in a dummy load a continuous ring of RF pulses, 2 microseconds 
in width, was introduced into the waveguide directional coupler. The 
resulting quantizer hits were bracketed by a 3. 09 microsecond gate 
(equivalent to a 1/4 nmi range cell) and only these gated hits were counted 
with an electronic counter. 

For each combination of percent noise setting and 
signal power (expressed in dB above radar MDS*) chosen, five 10-second 
counts were made and recorded with a Hewlett-Packard counter-printer 
combination. This procedure was followed for both the MTI and normal 
quantizers. 

The average 10-second counts were divided by the 
maximum possible counts over that period (radar pulse repetition fre¬ 
quency times 10) to obtain the probability of quantizing. 

B. Test Results - The data so derived are shown in Figure 
4. A sample theoretical curve, derived from the amplitude distribution 
developed by S. O. Rice^ for a peak signal to root-mean-square (rms) 
noise ratio of 2, is also shown. The experimental curves agree with 
the theoretical curve in shape and reasonably well in magnitude. 

The range discrimination function installed in the RVDP 
precludes the possibility of reaching 100% probability of quantizing. Since 
the quantizer output is inhibited for the equivalent of 1,3 range cells after 

* Radar MDS vas the ■inlaua povar laval of a test target signal which was 
discernible on an "A” scope display. This ■easureveot was normally 
done by the site radar technician. 

Reference 6 
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a bit, noise hits, occasionally occurring late in the previous range cell, 
blank would-be target hits. This is borne out by the fact that a 9 5 dB 
curve approaches saturation short of 100%. 

The probability of quantizing curves for the MTI 
channel is generally lower than for the normal video channel. Weak 
signals show little degradation while strong signals are degraded 
markedly. This type of degradation is characteristic of the MTI 
channel and is due to the action of the MTI canceler ona non-coherent 
signal source. Successive returns of a non-coherent target may add 
or subtract in the canceler, depending on their relative phases which 
are completely random and independent. A weak target with a low 
probaoility of quantizing would have an increased probability of quan¬ 
tizing on those occasions when the returns add in the canceler and a 
decreased probability of quantizing when the returns subtract in the 
canceler. A strong target with a high probability of quantizing would 
have its probability of quantizing increased very little when returns add 
in the canceler because this probability is limited, as shown by the 
curves for the normal channel in Figure 4, while there would be a 
ecreased probability of quantizing when the returns subtract in the 

canceler. 

Statistical Detection: Statistical detection is accomplished through 
the use of a ferrite core memory where the output of the quantizer is 
temporarily stored. Targets are detected and located in range and 
azimuth on the basis of the hits stored in this detection memory. 

i rnemory (termed Memory I in the RVDP) has a capacity of 
1, 024 fifty-one bit words. 

, -jld!.n.^Vfln.doW Detector - F°r detection purposes the 200 nmi 
range o the ARSR-2 radar (and associated beacon system) is divided 
into 800 one-quarter nmi range cells. Each of these 800 range cells is 
assigned to a specific word location in detection memory. When the 
radar output pulse is transmitted, each range cell in detection memory 
is sequentially addressed so that when a radar signal from a particular 
range is quantized, the word in memory representing that particular 
range cell has been addressed and is available in a register. The 

portion of the word used as the sliding window detector functions as a 
shift register (Figure 5) with the latest quantizer output for that range 
cell being shifted into the left side of the register, moving all the rest 
Of the bits one shift to the right and causing the oldest bit in the register 
to be ost. Before the word is transferred back to detection memory 
3 (D/A) converter sums the hits in the sliding window 

11 
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13 BIT SLIDING WINDOW 

CRITERION SWITCH 

FIG. 5 DETECTOR BLOCK DIAGRAM 

13 



After a delay of 12. 3 microseconds, to permit operation of the automatic 
clutter eliminator (ACE), the signal is applied to the target leading and 
trailing edge slicers. When the summed hits exceed the leading edge 
sheer reference, a target is declared in process and a target run 
length count begins. When the summed hits fall below the trailing edge 
sheer reference voltage, the target is declared complete, run-length 
count is terminated, and the information is transferred out of detection 
memory. Upon leaving memory, one-half the run length is subtracted 
from the current azimuth count for center azimuth determination. 

A range accuracy determination is made at the time of 
target-leading-edge declaration. For this purpose the 1/4 nmi range 
cell U subdivided into four 1/16 nmi segments, and the segment con¬ 
taining the leading edge of the quantized pulse is recorded with two bits 
in the word in Memory I assigned to this range cqll. Thus 1/16 nmi 
range precision is achieved in what is basically a 1/4 nmi system. 

The fundamental leading edge criterion is determined by 
a manual switch setting which is set for a reasonable compromise 
between probability of detection and false target rate (false targets 
per scan). 6 

, , Automatic Clutter Eliminator (ACE)- In the presence of clutter 
it is desirable to raise the leading edge criterion (T. ) to reduce the 
number of false (clutter) targets. To perform this function, the D/A 
converter output (representing the number of hits in the sliding window) 
is also applied to an ACE circuit which consists of an integrator and a 
function generator (Figure 5). The output of the integrator is propor¬ 
tional to the percent hits in a sliding window 13 radar triggers wide and 
approximately 7 range cells deep. For every value of percent hits a 
value of Tl to use to prevent the probability of false alarm due to 
clutter from exceeding any specific value may be calculated from the 
binomial distribution. The function generator transposes its input 
signal (proportional to the percent hits) to the T. which maintains the 
probability of false alarm due to clutter at lO’3. Figure 6 is the function 
generator curve for the RVDP. This function generator characteristic 
will maintain the design value of probability of false alarm only when 
the hits are located randomly in the range-azimuth window. If the hits 
are correlated concentrically, the probability of declaring a false alarm 
would be higher; and, if the hits are correlated radially, the probability 
of declaring a false alarm would be lower. 

Length Discriminator - Run length discrimination was added 
to the RVDP as a modification to perform additional discrimination 

14 
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againat primary radar clutter targets. With this modification it is pos* 
sible to suppress targets with run lengths shorter than some preset 
minimum and/or longer than some preset maximum. The run length 
measure used is the number of azimuth change pulses (ACP's) between 
Tl and Tj (target trailing edge). 

An aircraft target is essentially a point-source target and, 
as such, the return signal due to an aircraft target approximates a pulse 
train modulated by the radar two-way antenna pattern. Radar returns 
due to clutter would not, in general, be well defined but more noise¬ 
like in nature. (Actually, each individual raindrop acts as a point- 
source target; but, when these returns add up at the radar, the result 
is a noise-like signal.) Tho run length discrimination technique is 
designed to take advantage of the deviation that the noise-like signal 
causes from a normal Gaussian distribution. Its success as a clutter 
suppression device depends on how much difference there is between 
the run length statistics of aircraft targets and clutter targets. 

A. Test Procedure - To establish what minimum and 
maximum run length criteria could be used without suppressing aircraft 
targets, it was necessary to measure the run lengths of aircraft targets. 
Since run length is a function of signal strength, the data were grouped 
according to range. To measure the effectiveness of various run length 
criteria, run lengths of weather clutter targets were also measured. 

Run length distributions of weather clutter targets and 
aircraft targets were measured using the run length discriminator. 
The RVDP was gated so that only targets from a selected area would be 
detected. Counts were maintained of targets detected and targets re¬ 
jected by the run length discriminator for various settings of the run 
length discriminator. 

B. Test Results - Distributions of aircraft target run 
lengths are shown in Figure 7, while distribvdons of weather clutter 
target run lengths are shown in Figure 8. The weather clutter run 
length data were taken April 12, 1966. The Weather Bureau reported 
light rain and rain showers in the area in which the data were taken. 
Data for the two distributions were taken about two hours apart. 

Safe minimum and maximum settings of the run length 
criteria may be derived from the aircraft run length distributions. The 
sample run length data indicate that suppressing targets with run lengths 
longer than 37 would not degrade target detection, while suppressing 
targets with run lengths shorter than 5 would cause fewer than 10% of 
the target returns from 150 to 200 miles to be lost. 

16 
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The clutter run length data indicate that, when the 
ACE circuit is functioning, the clutter target maximum run lengths arc 
very little different from the maximum aircraft target run lengths, 

with ACE off 10% to 15% of the weather clutter targets represented 
by these samples would have been suppressed by setting the maximum 
run length criterion at 37. With ACE off, the clutter target minimum 
run lengths are similar to aircraft target minimum run lengths; while 
with ACE functioning, 55% to 70% of the weather clutter targets repre- 
sented by the samples would have been suppressed by setting the 
minimum run length criterion at 5. 

Detector Performance with Controlled Inputs - Detector per¬ 
formance was checked over a wide range of detection threshold settings 
with well defined input signals. This was done to permit (fcmparison of 
the performance of the detector with what was theoretically expected 
and to collect data which would allow intelligent setting of these detection 
thresholds in a live environment. In setting detection threshold it is 
desirable to minimize false target detection and maximize the prob¬ 
ability of detection of true targets. The results of this test series 
establish the trade off available in false target detection and probability 
of detection of valid targets through selection of detection thresholds. 

^• Ta i get Detection - The probability of detection was 
determined for signals of various levels as a function of percent noise 
and Tl with ACE "off" and then repeated with ACE "on. " 

*• Test Procedure - The radar receiver input was 

mrn^c!ed WÍth a dUmmy Joad* The Digital T;irget Generator Test Set 
(DTGTS) was used to generate three rings of RF test targets with 32 
thirteen hit targets per ring at ranges of 64, 128, and 192 nmi. These 
signals were applied to the radar directional coupler. A repetitive 
range-azimuth decode, synchronized with the test targets and wired to 
the Random Access Plan Position Indicator (RAPPI) display register 
was used to discriminate against false targets while obtaining the coilnts 
of valid target detections. This decode effectively placed a range- 
azimuth gate around the center of each test target which was 1 range 
cell deep and 8 ACP's wide. The output of this gate was counted for 5 
scans for a total of 480 samples per data point. . 

2. Test Results - The results of these tests are shown 
in Figure 9. Signal amplitude is given in dB referred to the radar MDS 
The probability of detection with ACE "on" is lower than the probability* 
of detection with ACE "off" whenever the percent noise as measured by 
the ACE integrator circuit indicates that a higher Tj than that set 
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manually is required to maintain the iO'3 probability of false alarm. 
T. ACE curve (Figure 6) indicates that this will occur at a percent 
noise of b% for a manual TL of 5, a percent noise of 13% for a manual 
TL of 7, and a percent noise of 23% for a manual TL of 9. These test 
results indicate that the operation of the ACE circuit was normal. As 
m the false alarm tests, data could be taken only for percent noise and 
Tl combinations which did not cause data overflow in the Data Trans- 
mission Group (DTG) buffer. 

w . . B: Iglse Target Detection - The probability of1 false alarm 

T a functlon of Petent noise and the manual setting of 
Tj^ with ACE off" and then repeated with ACE "on. " 

.... 1 ’ --st Procedure - The radar transmitter was turned 

The n 6 ¡nPUt t0 the radar receiver was terminated with a dummy load. 
a count Tf TT WaS VarÍed by adju8tin8 the percent noise setting while 
a count of false targets detected was monitored. The test was repeated 

bothTOUS Set!lnß! 0f Tl’ With the ACE function ''oW' and "on, "and for 
Dérmico0 & V C1 annel8* Theoretical curves were calculated to 
P rmit comparison with the experimental results. These curves were 

takTm. a8SUmp,io'’ th,at the a>ßnal waa random noise. Data 

1 bZr ;^norriment CUrVe8 WaS ,ermÍni,'d ”h'n *h' DT° indi«''d 

in Fieure in o 2.k —“ Ra,,llts ■ The results of these tests are shown 
m Ftgure 0 On the normal channel the probability of false alarm is 
pp oximately a factor of ten lower than that predicted by theory. In 

addition, the probability of false alarm with ACE "on" levels off at 
approximately ,0- rather than ,0-3. Apparently, the qlntiaed h ,s 

ar muth TdT' 88 f".'"'“' are n°' «mpletely random in range and 

UkTca'u.! "; . rrr,atÍOn OÍ hitS U I« .» felt tha, the most 
j t f ra lal c°rrtlatton was the presence of low level 60 cycle 
nterference or. the video line to the RVDP. At times, the peak-to-peak 

ferencY ra^! dTh & 1 "TV* 10% f ^ me&n P*ak n°Í8e voitage- This inter- trence raised the level of noise slightly every 16. 7 milliseconds (1/60 

vil h ; bOW7er* the overa11 Percent noise was maintained at a fixed 

thanethYs Th W ^edbaCk l00P WhOSe tÍme COnstant was ^^ch longer han this. Thus, the output of the quantizer tended to occur in groups 
every 16. 7 milliseconds. The sliding window encompassed about 37 
milliseconds (13 radar trigger periods) allowing only two (possibly three) 
groups of hits to be included per window. Since the leading edge cri¬ 
terion was always much higher than three, this grouping of hits within 
•he dvlecon window re.ul.ed in a false alarm rate lower be 
predicted theoretically for a given percent noise and leading edge 
threshold. R *» 
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he curves for false alarm rates on the MTI 
channel are somewhat closer to the theoretically predicted values. 
The MTI canceler circuit provides a limited amount of concentric 
correlation. Any noise peak is automatically distributed over three 
radar trigger periods at precisely the same range through the action 
of the double canceler. The range correlation produced by canceler 
action partially offsets the effect of hum on the MTI channel. Residual 
MTI rings also contributed to the false alarm rate. 

Actual clutter returns display concentric corre¬ 
lation. The concentric correlation is primarily a function of the 
antenna beamwidth, scan-rate, radar pulse period, and turbulence. 
Since beamwidth, scan-rate and pulse period are fixed parameters, 
the amount of correlation is essentially a function of turbulence. 
This assumes, of course, that the radar receiver is not saturated. 
Concentric correlation of clutter returns was indicated by actual 
count of false returns in clutter areas when ACE was operating. In 
the normal radar channel where radial correlation restricted the ACE 
maintained probability of false alarm to 10"4, the probability of false 
alarm in actual clutter (which was due to light rain over a large area) 
was approximately 2x10 . 

, . . ^ ComPosite Performance - The data on false alarm 
characteristics and the data on the probability of detection were com¬ 
bined to produce the composite curves of Figure 11. These curves 
were used to select the setting of percent noise and Ti for operational 
testing of the RVDP. ^ ^ 

It has been determined theoretically by Swerling5 that 
the optimum TL for a window size of from 10 to 20 radar triggers is 
approximately one half the window size. The composite curves verify 
this theoretical determination. Swerling also demonstrated that the 
probability of detection is not a very sensitive function of the probability 
of false alarm. A change in TL or percent noise which would drastically 
affect the false alarm rate should affect the probability of detection to 
a much smaller degree. The composite curves also verify this theoret¬ 
ical determination. 

,,. ,, D’ Sen8ltivity - From the composite performance data 
a eading edge threshold (TjJ of seven, a percent noise of 8% for the 
normal quantizer, and a percent noise of 5% for the MTI quantizer 
were selected and the sensitivity of the primary radar detector was 
measured. 

5 Reference 5 
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1 Test Procedure - A two microsecond test target 
was applied at the input of the radar receiver (waveguide directional 
coupler) and the run length of the test target was varied with the 
target generator test set. An electronic counter, in conjunction with 
a range/azimuth decoding gate, was used to obtain a count of the 
times the test target was detected by the RVDP over a period of 20 
antenna scans. The target signal strength was reduced in l dB steps 
until the target was not detected over the 20-scan period. The primary 
radar MDS was measured for both normal and MTI video to establish 
the performance level of the radar alone. 

2. Test Results - The relationship between signal 
strength and the probability of detection for various target run lengths 
is shown in Figure 12 for both normal and MTI video Examination of 
the curves for a target run length of 13 indicates a difference of 7 dB 
at the 90% blip/scan point. This difference was due, in part, to the 
difference in the radar sensitivity for normal and MTI video, and 
partially due to the interaction between the MTI canceler and the RVDP 
quantize •. This interaction was noted and discussed in the previous 
section (Video Quantization). 

Detector Performance On-Line 

A. Probability of Detection - Normal Channel - The 
detector performance on the normal channel was checked at maximum 
range by having test aircraft fly out to the maximum range of the radar 
coverage area while recording the percent of scans the target was 
detected. The detector performance was compared to the performance 
of the normal broad band radar system 

1. Test Procedure - The test aircraft was flown out¬ 
bound on a selected radial that was relatively clear of other traffic An 
altitude of 26,000 feet was used for thin flight to assure that the air¬ 
craft would still be within line-of-sight at maximum range Air Traffic 
Control (ATC) specialists observed the displayed output of the RVDP 
and the normal radar Plan Position Indicator (PPI) display and a "hit" 
or a "miss" was recorded for each channel every antenna scan. This 
was continued until the target was lost on both channels, at which time 
the test aircraft reversed its course allowing data collection to continue 
on the inbound run 

A description of the flight test configuration and 
the test flight procedures is included in Appendix IV. 
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2. Test Results - The results of this test are pre¬ 
sented in Figure 13. The results are grouped in 10 nmi intervals. Each 
data point represents the average percentage of scans in which the test 
aircraft was detected for that 10 nmi interval. The digital detector 
produced a slightly higher detection probability than the normal broad 
band radar system (video channel). These data represent radar returns 
from a relatively small target since the aircraft was proceeding out¬ 
bound (or inbound) along a selected radial. 

B* Probability of Detection - MTI Channel - The MTI 
channel is used only at short range and, in general, the signals are 
quite strong. However, radar returns from aircraft with a low radial 
component of velocity (with respect to the radar site) tend to be reduced 
in amplitude by the MTI circuits. To check the performance of the 
RVDP in the MTI region, the output messages were recorded and 
analyzed using the TAD Program (Track Analysis and Display Program 

see Appendix IV). The percent of scans in which each aircraft was 
detected for nine separate aircraft flights (targets of opportunity) through 
the MTI region is shown in Table I. The RVDP/MTI crossover point 
was set at 50 miles. The overall detection probability for all nine air¬ 
craft was 0. 88. 

Aircraft 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

TABLE I 

MOVING TARGET INDICATOR (MTI) SENSITIVITY 

No. of RANGE 
Scans Start End 
_(nautical miles) 

AZIMUTH Percent of Scans 
Start End in which Aircraft 

(degrees)_was Detected 

32 26 23 

34 21 24 

12 25 28 

32 50 34 

31 26 11 

22 18 21 

25 29 25 

35 13 33 

19 32 38 

357 348 78% 

237 265 91% 

275 279 100% 

254 252 88% 

250 234 87% 

306 294 82% 

269 260 84% 

263 249 91% 

313 317 100% 
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C. Target Detection in Areas of Weather Cluttci When 
weather clutter is present, the target detection thresholds are auto¬ 
matically modified as described in the sections on video quantization 
and statistical detection. The RVDP performance in weather clutter 
was compared to the performance of the normal broad band radar 
system. 

1. Test Procedure - By observation of the displays 
for the digital and video channels, ATC specialists recorded a "hit" 
or a "miss" during each antenna scan while tracking a single aircraft 
through areas of weather clutter. The initiation and termination of 
each data run were accomplished concurrently on both the digital and 
video channel displays for selected targets of opportunity. Two addi¬ 
tional ATC specialists assisted in the recording of the observed infor¬ 
mation and the time-of-day reference. The ATC specialists who were 
performing the tracking function were permitted, at their discretion, to 
adjust the RBDE-5 display for optimum trail data and to use a manually- 
controlled symbol as a tracking aid. 

2. Test Results - During the test, the Atlantic City 
Weather Bureau Airport Station was reporting radar weather returns 
for a radius of approximately 80 miles from Atlantic City. Throughout 
the data-collection period, all weather stations within a 50-mile radius 
were reporting precipitation in intensities varying from very light 
drizzle to light rain. 

Aircraft-tracking data were obtained for 17 air¬ 
craft (targets of opportunity) which were in or near the areas of weather 
clutter, and the ratio of detected targets to the number of scans observed 
(blip/scan ratio) for each run is shown in Figure 14 Except for data runs 
7 and 8, all data were collected with the ARSR-2 facility operating in the 
linear polarization mode. The RVDP ACE function was on during this 
test, the Run Length Discrimination (RLD) minimum setting was 5, and 
the RLD maximum setting was 30. 

For ten of the data runs, a higher blip/scan ratio 
was obtained on the video channel, whereas five of the runs produced 
a higher blip/scan ratio for the digital channel. The overall blip/scan 
ratios for all data runs indicated a difference of approximately 2% 
between the video channel and the digital channel. A statistical test 
for difference between the blip/scan ratios for the digital and video 
channels indicated no significant difference at the .05 level of signifi¬ 
cance. 

29 
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It was noted that the ATC specialists observing the 
digital-channel display elected to use a higher storage factor than the 
controllers who were observing the video-channel display. During the 
debriefing period, the controllers stated that the longer trails were 
necessary on the digital-channel display to assist in tracking the air¬ 
craft targets through the weather-clutter areas, whereas more storage 
tube erasures were desired on the video-channel display to minimize 
the saturating effect that the weather clutter had on the scan-converter 
tube. Clutter returns on the digital-channel display cannot be distin¬ 
guished from aircraft targets on the basis of intensity or size as they 
can be on the video channel. 

The photographs shown in Figures 15 and 16 were 
taken at the conclusion of data run number 2 to illustrate the type of 
presentation viewed by the ATC specialists during the weather-clutter 
tests. 

D« Weather Clutter Targets - Counts of false targets due 
to weather clutter were taken to check the effectiveness of the RVDP 
ACE system. A series of photographs was taken to obtain a count of 
the number of weather clutter targets processed in approximately one 
antenna scan under weather-clutter conditions. The photograph of a 
single scan of the digital-channel display (Figure 17) illustrates the 
weather-clutter targets that were processed for the type of weather 
clutter shown on the single scan of the video-channel display (Figure 18). 
Fourteen weather clutter targets (false alarms) were counted for a ten- 
degree segment (120 to 130 degrees) between the 25-mile and 50-mile 
range marks (Figure 17). This is quite close to the theoretical value 
of ten targets for a like area (104 space bits) for a probability of false 
alarm of 10"3. It is possible that the count of 14 includes a few air¬ 
craft targets which would make the measured false alarm rate even 
closer to the design value. 

The ACE was designed to inhibit the processing of all 
targets in areas where weather clutter is so intense that it is impossible 
to maintain a probability of false alarm of 10-3 or less. The effect of 
this blanking function is depicted in the photograph of the digital-channel 
display (Figure 17) where no targets were processed for the most dense 
areas of weather clutter shown on the video-channel display (Figure 18). 

During these tests it would have been desirable to 
adjust the probability of false alarm to determine the optimum balance 
between missed aircraft targets and false alarms. The RVDP does not 
have this capability. 
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Beacon Detection 

The RVDP detects and processes beacon transponder replies 
generated by ground interrogated aircraft and prepares a single digital 
message output for each such aircraft every antenna scan. The digital 
message contains all the information that was obtainable concerning 
the aircraft such as position (range and azimuth), beacon code, beacon 
altitude and special message control functions. 

To prepare the output message, the RVDP must detect all the 
available information and attempt to determine its validity. The beacon 
detection process is actually performed in four steps. 

1. Pulse Detection - The transponder coded replies in serial video 
form are applied to the beacon quantizer where the reply pulses are each 
inspected according to criteria of minimum amplitude and duration. 

2. Bracket Detection - The code train is then inspected for the 
presence of bracket pulses at the proper spacing. 

3. Target Detection - Bracket detection pulses, as a result of mode 
A/3 replies, are then stored at a memory location representing the range 
at which the bracket detection occurred. When a sufficient number of 
V racket detections have occurred from the transponder replies generated 
jy the same aircraft, the target has been detected. This number of re¬ 
quired bracket detection pulses is a threshold setting which must be 
equalled or exceeded within a given period of time (or number of inter¬ 
rogation periods). Also, the series of bracket detection pulses must 
occur at the same range (memory location) in order for target detection 
to take place. 

4. Code Detection - At the same time that the bracket detection 
pulses are stored in memory for target detection, the code content of 
the transponder reply is strobed in parallel and temporarily stored. 
The code is inspected for possible garble with an interfering code train 
and is then stored in a second memory. Additional reply codes are 
compared with the stored code and, if comparison occurs, the code is 
considered validated. The validated code is held in memory to await 
the completion of the target detection process. 

Pulse Detection: 

Amplitude Threshold - Incoming signals are amplitude com¬ 
pared with a reference voltage which determines the amplitude above 
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which the signal will be accepted and below which the signal will be 
rejected. Figure 19, Beacon Quantizer Amplitude Threshold 
Characteristics, shows the probability of quantizing versus the input 
pulse amplitude for nominal pulse widths and for minimum pulse widths 
required for 100% detection. As would be expected, both curves show 
a narrow gray zone between the 0% and 100% detection points. 

Pulse Width Threshold - To test a beacon reply pulse for mini 
mum width, it is first delayed by an amount equal to the minimum 
acceptable pulse width and then compared to the undelayed pulse for 
coincidence. If coincidence occurs, the pulse has met the minimum 
width criterion and is accepted. If no coincidence occurs, the pulse 
width is less than the minimum and is discarded. All measurements 
of pulse width are done between the 50% amplitude points of the leading 
and trailing edges. The test results determined that the pulse width at 
which 100% acceptance occurs is 0.285 microseconds and the point at 
which 0% acceptance occurs is 0.280 microseconds. All other pulse 
parameters such as amplitude, rise time, and decay time were main¬ 
tained at nominal values. Since the minimum pulse width that is 
generated by the transponder is 0.35 microseconds, the performance 
of the RVDP beacon quantizer is such that all valid reply pulses will be 
accepted and noise transients that exceed the amplitude threshold will 
be rejected. 

Noise Response - The response of the beacon quantizer to 
various levels of beacon receiver noise is shown in Figure 20. The 
average count of pulses per scan at the quantizer output is not signifi¬ 
cant for the noise level normally used in operating conditions (0. 5 volt 
average peak). At the 0.6 V (volt) level, the average count still may 
be acceptable. However, above this value, the average count becomes 
significant. Few of these pulses would be at the proper spacing to 
generate bracket coincidence pulses, and the few that were would occur 
randomly and would not produce false targets. However, these pulses 
could appear as part of reply code trains, thus producing erroneous 
code information. 

It is important to maintain the beacon quantizer noise input 
at the normal operating level (0.5 V average peak). Also, the quantizer 
0% acceptance threshold must not be allowed to fall below 0.5 V, 

It was also determined that no significant change in the 
amplitude and pulse-width detection limits of the quantizer occurred 
when pulses of nominal parameters were applied to the RVDP input 
in the presence of the normal operating level of receiver noise. 
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P«l«« Resolution - Figure 21 show, a serie, of photograph, of 

wa. r edto0^,* Ï' b?COn «Pacing ofIwo ílsf. 
21A X °Verlap t0 the P0int of 100^ «solution. Fiaure 
« a ^»2 nul. PUt aS T0 puUeS comPletely overlapped and the output 

g pulse recogniaed by the quantizer. Figure 21B shows that 
a. one pulse i. moved slightly, a point i. reached where n -ither pise 

rL r.r“Uer-,Tbis is b— itr two pulses rise times exceeds the criteria for acceptance Although 

po!nu”out t'itT ,Íme f0e‘ n0t aPPear t0 be be 
5“ UVíf rlSe ,lme aampling in the quantitér is done between 
the 50% and the 90% amplitude points of the pul.e leading edge ThU 

Iff el. T" C0mpO8ite ri,e time Figure 21B unaccepible This 
t^Hon of tÍ8\ ' rejeC'i0n had been Pr'dicted and the rise time cri- 
!h.s te./o^l ru0" qUanlizer had »een removed. It was replaced for 

l.ion ofli. “.trUmen‘ ,h' e"'Ct and WaS again rem°-d at the «o- 

«rk* u ., Figure 21C shows that a wide output pulse is produced 

Thl ÍrUef y CO”e*P°nds t0 »be »idth of the composite input pulse 
The two pulses whtch make up the cc .posite pulse are separated 
•llghUy more than in Figure 21B. are separated 

so that th. t FigUr' 21D “h°ws ‘be two input pulses separated enough 
jusfi.fernibi V ge °f “I and ,he Uadi"« edge of the other are 
Zre are tl , «b' quantizer does not yet recognize that 

re are two pulses and produces a single wide output pulse. 

FÍgUre 21E 8h0W8 that the inPut Pulses are separated 
o^se ltm0rM*l ln FÍgUre 21D* Althou«h ‘he output is still a single “ 
pulse, its width now approximates that of one input pulse. This is 8 
apparently due to the fact that at this point of pulse separation the 

zDti:z::rnirtbe ieading and ,rauin* ^ o(zT:t%.e out, with the small separation that exists _,__, 
«dge of the second pulse. recognize the leading 

more so .1,,,FigUre 21F 9h?Wa the two inpu* puiaus separated slightly 
tte t!mê° SeC°n P ÍS nOW pr0duced approximately 50% of 

to the point whe“ both X. are ^l'v'd'l w. 

ed“: :fepration frm,tha ,rauing ^^eT- 
0. 05 microsS«ecCo0nndsP ,meaSUred the 5°% ampUtuda p“‘"'» « «bolt 
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«nie - Figure 22 i« a aeries of photographs which ahous two input 
p es separated to the point where only one output pulse is produced 
by the quantizer. The series of photographs of the input shows that 

1 -voU^steps** held COn8Unt in^mPlitude ‘be other was varied in 

Fl8ure 23 is a series of photographs which shows two input 
pulses separated to the point where both pulses are resolved 100% of 
the time. Here again, the series of photographs of the input shows 
that one pulse was held constant in amplitude while the other was varied 
in 1-volt steps. 

Bracket Detection 

Description - Every reply code transmitted by the aircraft 
transponder to interrogations by the ground equipment is framed by a 
pair of bracket pulses spaced 20. 3 microseconds apart. All the data 
pulses are contained within the bracket pulses and they are spaced in 
multiples of 1.45 microseconds. A complete description of an idealized 
pulse train reply is contained in Appendix V. 

Bracket detection is the process of recognizing a pair of 
framing, or bracket, pulses (designated FI and F2 for leading and 
trailing brackets, respectively) whose nominal separation is 20.3 
microseconds. To accomplish bracket detection, the RVDP utilizes 
a coincidence principle whereby two points in a lumped-constant delay 
line are continuously monitored. The function of the delay line is to 
accept and store the individual pulses in a pulse train for a period of 
time long enough to ensure that the two pulses of interest (FI and F2) 
can be detected simultaneously. On this basis, a coincidence criterion 
is established which, when satisfied, affords the required detection 

Performance - Figure 24 shows the RVDP Bracket Detection 
Characteristics as the bracket spacing was varied over the complete 
range of bracket detection. This was performed for three values of 
bracket pulse widths. 

Detection of any pair of pulses separated by 20. 3 micro¬ 
seconds is not, by itself, conclusively indicative of the presence of a 
valid reply code train. Conceivable spatial uistributions of aircraft 
antenna illuminated by the ground beacon antenna during a single beacon 
radar interval include patterns of replies which may interfere in a 
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manner giving rl.e to a rapid aucce.aion of such pulse pairs. Th* 
process of investigation into the true origin of the received pulse trains 

ia described further in later sections. 

Target Detection 

Description - Each mode A/3 bracket detection pulse is tem¬ 
porarily stored in a'ferrite core memory (Memory I) ior ^eita‘1StlCal 
target detection process. The location in memory at which the pulse 
is stored represents the range of the aircraft which generated the reply. 
Each interrogation period is divided into discrete 1/4 nmi range cells. 
When an interrogation is initiated, each range cell is «equentiaUy 
addressed from 0 to maximum range (200 nmi for the ARS ^ 
when a bracket detection occurs, an indication is made in the r g 
that is addressed at that instant. This particular range cell is the first 
element of an eleven bit shift register called the sliding window, 
information stored in this shift register represents the mode A/3 bracket 
detections that have or have not occurred at this specific range 8 
the last eleven interrogation periods. If a mode A/3 rac e e e 
occurs, a -one” is shifted in. If a bracket detection does not occur, a 
"zero” is shifted in. Each time the latest mode A/3 bracket detection 
for that specific range is shifted into the register (sliding window), the 
oldest is shifted out and lost. If no mode A/3 bracket detection occurs 
due to a "miss” or the end of the target run length, zeros are shifted 

in. 

For each range cell during each mode A/3 interrogation 
period, the contents of the register (sliding window) are inspected and 
summed in a Digital-to-Analog Converter as ahown in Figure 25 The 
sum voltage is applied to the Beacon Leading Edge Analog Sheer an 
the Beacon Trailing Edge Analog Sheer where it is compared to a switch 
selected threshold level. When the number of "ones in the sliding 
window equals the switch settings, an output signal is Pr°duced' indl- 
cating that the beacon target leading edge or trailing edge has been 
detected. The logic is such that a target leading edge signal is pro¬ 
duced before the beacon trailing edge signal. 

When Tt has been reached, the target is considered 
detected and is given^he status of "in process. " When T~ has been 
reached, the target is declared complete and the information con¬ 

cerning the target is transferred out. 
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Probability of Detection with Controlled Input» 

^• Test Procedure - The DTGTS was used to generate 
a continuous succession of beacon targets to be applied to the RVDP 
input. These targets all occurred at the same range. An average 
fruit density o¿ 100,000 random replies per antenna scan was also 
produced and m. ted with the target input signal. This fruit density 
represents the miximum density that the processor is required to 
handle as measured at the Elwood site. A more detailed discussion 
of the beacon fruit environment at the Elwood site is contained in 
Appendix VI. 

Target run length (RL) settings of 30 and 45 were 
used. The random-gating function of the DTGTS was used to randomly 
inhibit single replies within the target run length. For various settings 
of the random gating, the number of replies of the run length allowed 
at the DTGTS output was counted. The ratio of total replies at the 
DTGTS output to the run length setting r< presents the Target Reli¬ 
ability (TR). 

A mode interlace of 1:1:1 (A/3, C, 2) was used 
throughout the test. 

The number of targets generated by the DTGTS and 
the number of targets declared by the RVDP were counted to obtain 
probability of detection. 

Test Results - The curves of Target Reliability versus 
Probability of Detection for TL's equal to 6, 7, 8, and 9 are shown in 
Figure 26. These curves resulted from using target run lengths of 30 
and 45. A run length of 30 represents a minimum target and a run 
length of 45 represents an average target for a system whose antenna 
rotation rate is 6. 25 revolutions per minute and whose interrogation 
rate is 360 per second. For comparison the statistically-derived 
theoretical curve for run length 33 is also shown for each setting of Tj^. 

On-Line Tests of Probability of Detection 

A. Test Procedures - A test aircraft was flown along a 
selected radial that was relatively clear of other traffic. An altitude 
of 26, 000 feet was selected to insure that the aircraft was always 
within line-of-sight of the beacon antenna. As soon as the aircraft 
was identified and had attained the assigned altitude, data collection 
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began. Mr Traffic Control epecialiats obaerved the beacon repliea on 
both digital and video diaplaya, and a "hit" or "miaa" waa recorded 
each antenna acan. Thia waa continued to maximum range (200 nmi). 
A Tl*6 waa choaen for the flight teata baaed on the atatic PD teat reaulta 
and the fruit denaity meaaurementa at Elwood described in Appendix VI. 

Deacriptiona of the flight teat configuration and the 
teat flight procedurea are contained in Appendix IV. 

B. Teat Reaulta - The percentage of acana in which a 
target waa detected by ATC apecialiata, during the dynamic teata. 
waa tabulated for each 10-mile increment to indicate the probability 
of detection aa the aircraft approached the maximum range of the 
radar facility. The percenUge for each 10-mile increment ia ahown 
in Figure 27. Aa indicated, the digital channel produced a higher 
probability of detection than the video channel. 

^8ur® 28 ia a photograph of the 200 nmi range digital 
dieplay which can be compared with Figure 29, a photograph of the 200 
nmi range video diaplay taken at the aame time. 

Falai Target Detection 

A. Teat Procedure - An average denaity per acan of 
randomly diatributed beacon repliea (fruit) waa generated and uaed aa 
the RVDP input. With each Tl aetting, the number of beacon targeta 
declared by the RVDP waa recorded each antenna acan for 100 acana. 
Thia waa repeated for aeveral aettinga of average fruit denaity and for 
aeveral values of TL. The testa were performed using an interlace 
ratio of 1:1:1 (modes A/3, C, and 2). 

Teat Reaulta - Figure 30 shows the results of the teats 
with Tl settings of 5 through 8, respectively. The Fruit Count Per 
Scan is an average count of the randomly diatributed beacon replies 
for 100 scans of the antew.a. The Average False Targets Per Scan 
that were detected by the RVDP for the various fruit densities are 
shown as the sciid-line curve on each figure. The dashed-line curve 
ia the statistically-de rived theoretical curve for the conditions and 
Tl aetting that exist for each teat. 

For tL * and 7, the experimental value of 
average false targets per scan for a given fruit denaity ia less than 
expected when compared with the theoretical curve. Thia can be 
attributed to an element of radial correlation tlxat exists in the gener¬ 
ation of random fruit. The theoretical curve ia baaed on the assumption 
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that the distribution of non-synchronous beacon bracket detections are 
truly random. These random bracket detections are, of co .rse, 
caused by a random distribution of non-synchronous replie* or fruit. 
No radial or azimuth correlation of the random fruit is assumed in 
the theoretical case. In the experimental case and, in fact, in the 
live beacon environment an element of radial correlation exists which 
tends to reduce the probability of false target detection. This range 
correlation is caused by the fact that in the experimental tests a beacor 
code, rather than just bracket pulses, was used when generating the 
random beacon replies. When two replies occurred adjacent to each 
other in range, a third or phantom bracket detection could occur due 
to two code pulses at the proper spacing. These phantom bracket 
detections were counted as part of the total when the average fruit 
count per scan was obtained. Thus, some of the fruit counts per scan 
were radially correlated. Since the sliding window detection method 
of the RVDP requires azimuth correlation of bracket detections less 
of the total per scan was available for detection due to the element 
of radial correlation. 

, Since codes are “sed in the live beacon environment 
the experimental data obtained in this test are more representative of 
the average fal.e target, per scan detected in a live environment of 
random distributions of non-synchronous replies. 

Some data were obtained using a Ti setting of 9. Th( 
average false targets per scan were insignificant with values less than 
0. 01 for average fruit counts above 240, 000 per scan. No false target 
were detected below 240. 000 per scan in this test. 8 

Radar Reinforced Beacon Targets 

L A* Ilst Procedure - When both primary radar returns 
and beacon replies from the same aircraft are processed, only one 
output message will be prepared if there are no target splits and if 

W^hin rrtdiarwand beaCOn retUrnS are Processed concurrently, 
ithin this single beacon message is a bit that signifies when the 

message has been reinforced by a primary radar return. One of the 
project objectives was to determine how well the primary radar and 
beacon returns from the same aircraft are correlated. 

Dat* collected during the accuracy test flight of 
February 11, 1966, were reduced to determine the percentage of 
antenna scans that resulted in a radar reinforced beacon message 
when both primary radar and beacon returns were being processed 
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Since non-correlation of beacon and primary-radar returns is a function 
of the dehy tolerance in the airborne transponder, an additional check 
was made on correlation of returns from all aircraft, in the surveillance 
area, which were detected by both the beacon and primary radar detectors. 

Test Results - For a total of 208 antenna scans during 
the accuracy flight, the following results were obtained: 

184 (88.5%) reinforced radar-beacon targets 

9 (4. 3%) non-correlated targets, i. e., non-reinforced 
beacon targets with a primary radar target in an adjacent range cell 

3 (1.4%.)misses, both primary radar and beacon 

12 (5.8%) primary radar targets only with no associ¬ 
ated beacon targets 

Since none of the nine non-correlated returns were 
separated in azimuth, the azimuthal alignment of the beacon and 
primary radar antenna was satisfactory. Lack of correlation in range 
is most likely due to variations in the delay of the transponder reply. 
The specification for variations in the delay of transponder replies is 
plus or minus one-half microsecond, 7 which is more than sufficient 
to cause the beacon target to be detected in a separate range bin from 
the primary radar target when the aircraft is close to a range bin 
interface. 

The check of correlation of returns from beacon- 
equipped aircraft in the surveillance area produced similar results. 
From a total population of 326 targets (ten antenna scans) detected by 
both the beacon and primary radar detectors, only eight targets (2.45%) 
were non-correlated. 

These results indicate that the present tolerance on 
airborne transponder delay produces an acceptable level of correlation 
between beacon and primary radar returns in an enroute-type (1/4 nmi 
range cells) RVDP. 

Code Detection: Each beacon reply consists of a pair of bracket 
pulses spaced 20. 3 microseconds apart, and between the two bracket 
pulses are 13 data pulse positions spaced in multiples of 1.45 

7 
teference 7 
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microseconds. In a given reply, a pulse can occur in any position. An 
additional pulse position exists in which the Special Position Identifi¬ 
cation (SPI) pulse can occur. The SPI pulse follows the leading edge 
of the second bracket pulse (F2) by 4. 35 microseconds. All the 
details of an idealized pulse train reply are described in Appendix V. 

Code Sampling 

,. J A* Desci*iption - Alter quantizing, the beacon reply video 
is applied to the SPI Delay Line and the Main Decoding Delay Line as 
shown in Figure 31. 

. . . The code sar"pling and garble sensing functions of the 
DP are initiated when bracket detection occurs. At this time, the 

racket detection pulse is sent to Memory 1 for the statistical target 
detection process and to the Transfer Control circuitry. The Transfer 

ontrol aüows the bracket detection pulse to strobe the SPI Delay Line 
and Main Decoding Delay Line contents into Buffer Register 1. At the 
same time the beacon range count is also applied to Buffer Register 1. 

w ran8e i'*11 SerVe aS the address when ‘he information is to be stored 
in Memory 2. The mode during which the reply code was receiveo is 
also stored in the buffer register so that the code data will be stored in 
the proper portion of the Memory 2 word. If Buffer Register 2 is unoccu¬ 
pied, the data are immediately transferred to Buffer Register 2 and 
kept there until garble sensing is completed. This leaves Buffer 
Register 1 available for another reply train which may be caused by a 
second aircraft in close proximity to the first. 

Rvno 'u ~f°rmanCe- ' The Cüde samPling characteristics of 
the RVDP are shown in Flgure 32. Each code pulse was varied one at 
a tlme- ahead°f and behind its nominal position. The pulse position 
from FI for 0% and 100% pulse acceptance is shown for: 

1. Code pulse width at 0,30 microseconds (lower 
threshold for 100% quantizer detection)--curve A 

-curve B 
2. Code pulse width at 0.45 microseconds (nominal) 

3. Code pulse width at 0. 60 microseconds-- curve C 

,,, . L L The nominal positioi. and the 0. 1 microsecond point 
ahead of and behind each code pulse are indicated. 
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also inrrnow u ^ 18 lncreaa®<i. the acceptance zone 
o increases. However, the increase is only in the direction ahead 

of nominal position. A limit exists behind nominal position and this 

“a« o7,tve;r n,ed byihvix'd d*uy '*“* »«- edge of the FI pulse and the generation of the strobe pulse used for Ld* 
sampling. Since the nominal position of all code pulses is reíerenc-H 
t e F 1 pulse, the strobe always occurs at the same time after nominal ° 

J " T’r'T' 11 wa* ilso found thlt «>« position of the pulse acceptance 
iones d.d not vary wuh varying bracket spacing. Figure 33 shows £! 
pul», acceptance lone for th. SPI pulse. The nominfl po.itióÍ and tt. 

cale ofC,rh0eSecodn. T' ahrd °f ind behind ‘»»¡«ter As in th. 
width 1. ' T1 acccPtance lone increases as the pulse 
deoenrf8 t T*?' However- th' poiition of the acceptance zone is 

pendent on the bracket spacing. This is because the detection of the 
SPI pulse is made with reference to the F2 pulse. ae"c,lon of ">« 

Garble Sensing 

code nula#« * —-SriPtion. ~ A garble condition is said to exist if the 
code pulses of one reply tram overlap into the code pulse positions of a 

is rePly \ra‘TwUCh that thC ownershiP of on^ more code pulses 
trahis rrnU Thls(condition usually give rise to false re^ly 
trains if the spacing of any two pulses resulting from the garble situation 
is the same as bracket soacins Thu« a ft.1- k u a ! *arDie »«uation 
occur ™ •* T“u#* a false bracket detection would 

, , The garble aensing function is initiated by a bracket 
detection pulse applied to the Garble Sensing Delay Line. Each 1.45 
microsecond interval of time after bracket detection, the bracket 

Wh« IÜÜ rr.',*“ f0r Coincid'nc' ‘"dieting potential garble. 
. th^b,raCX detection pulse appears at the output of the Garble 

Sensing Delay Line, a garble bit is set in the buffer register if a 
potential garble were discovered. 5 

. The Presence of an SPI pulse in the reply train will 
not be seen as a potential garble since, at 4. 35 microsecond, after 
bracket detection, the bracket coincidence detector is inhibited for 
one pulse-sampling period. 

hraMr.f i B* Two targets* both consisting only of 
then rn t \ ^ for c°mplete overlap. One target was 
then contmuousiy moved out in range until a change in status, such as 
garble or interleave, occurred for either target. The Fl-to-Fl leading 
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» 

edge «pacing between the two Urgets was measured at each charge of 
The separation was increased until both targets were always 

resolved. 

The zones of interleave, garble, not-garble, and 
Urget-not-declared are shown in Figure 34 for the case where two 
Urgets of brackets only were used. Target "A" indicates the Urget 
closer in range and Target "B" indicates the Urget being moved out 
in range. The symbols used to describe the various conditions that 
exist from overlap to complete separation are also shown in Figure 34. 
The spaces where no symbols are used are the zones of interleave; 
that is, both Urgets are declared and not garbled. 

The test was repeated using a code 7777 + X + SPI as 
one Urget and only bracket pulses for the second target. The code 
7777 + X + SPI was moved out in range to obtain the change in sUtus 
points. At each change of sUtus the Fl-to-Fl spacing was measured 
until the FI pulse of the code 7777 + X + SPI overlapped the F2 pulse of 
the brackets. From this point on, the F2-to-Fl spacing was measured 
at each change of sUtus. 

Figure 34 shows the zones of interleave, garble, not- 
garble, and target-not-dec la red for the case where Target "A" consisted 
of brackets only and Target MB" consisted of code 7777 + X + SPI. 

Except for a small zone at approximately 8 microsecond 
spacing, there exists an A-NG (Target A not garbled), B-ND (Target B 
not detected) condition from 4.16 microseconds to.the point where FI 
of Target "B" overlaps F2 of Target "A. " The "B” Urget is not declared 
at all in this zone. This is probably due to the fact that since Target "B" 
conUins all possible code pulses, every position of Target "B" provides 
a code pulse in the SPI detection zone of Target "B. " This is considered 
the overlap position in the upper chart. Target "B" is moved farther in 
range continually, and the situations that occur are shown in the upper 
chart. 

Emergency Code Detection 

A* Description - Emergency or communications failure 
reply codes (7700 or 7600) receive a priority status in the RVDP since 
the detection of such in Buffer Register 1 prevents further garble up¬ 
dating. A specUl set of gates is arranged to detect these two reply 
code trains. When either of these codes is detected, th» priority sUtus 

\ is indicated by setting a bit in the control portion of the Buffer Register. 

. 
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det.ctinn U^?.* ~ Te,t, werft conducted to determine the 
detection limit, of each pul.e position within the emergency code, and 
the condition, under which the emer¿ency indication, are inhibited. 
Each pulse of a mode A/3 code 7700 and code 7600 wa. varied in 
position to determine it. detection zone. The.e zone* are .hown in 
Figure 3b and they represent the zone within which a particular pul.e 
i. accepted 100% of the time if it lies wholly within the indicated^one. 
Nominal pul.e width, of 0.45 micro.econd. were used for thi. te.t. 

An interfering pul.e wa. mixed with the emergency 
code, and it. po.ition wa. varied from ahead of the emergency code 
tiirough the code tram to behind the emergency code. The zone, where 
Ae emergency indication wa. inhibited 100% of the time are al.o .hown 

th/?»WWt35’ H*ereinnïn’ the interferin8 p*1«* mu,t lie wholly Within the inhibit zone for 100% inhibit. 

Tut. * ^ . V There *re n° inhibit *one> out.ide the framing pulses, 
i. indicate, that a false emergency indication can occur when the 

?.„*** °f an lnterfering co<ie train complement a second code train to 
fill in the missing pul.e. to form an emergency code. The interfering 
pulse. mu.t, of course, lie within the detection zone, of the missing 
pulse, of the code train being complemented. 

.. J , v lt mu,t be '«-empha.ized that the emergency indication 
dl/lU‘!ed i" the —ntro1 bit that ig aet in the buffer regi.ter a. a re.ult 

0f,a.n emergenCy code* Thi. doe, not imply that the final 
validated code will be an emergency code. 

Code Validation 

, _ A* Degcription - Beacon code information for mode A/3 
mode C, and mode 2 is validated by comparing the presently-received 
code with the previously-stored code. Control bit. in the message 
label are set upon .ucees.ful validation for each mode. The code, are 
•tored in a 1024-addre.., random-acce... ferrite-core memory 2 at 
the range at which the bracket detection occurred. To facilitate memory 2 
processing, the beacon code is accompanied by control bit. indicating 
the mode of reply (A/3, C, or 2), the condition of the code (garbled or 
not), its special .tatus a. an emergency code (code 7600 or 7700), and 
the presence or absence of the SPI pul.e. 

The beacon code and it. associated control bit. are 
written into memory 2 by transferring the beacon range at which the 
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bracket de.ection occurred in the memory 2 random-access address 
register and the code and control bits into the memory 2 information 
register. A memory 2 write cycle is then initiated to store the infor¬ 
mation in the memory 2 stack. Conversely, to read from the memory 2 
stack (the processed beacon code corresponding in range to the "beacon- 
target-complete" status bit stored in memory 1) the memory 1 address 
(range) must be transferred to the memory 2 address register. A 
memory 2 read cycle then fetches the processed beacon code to the 
memory 2 information register, making the code available to the output 
message assembler. 

Performance - The DTGTS was used to trigger beacon 
replies for each mode from a beacon code generator. Various fruit 
densities were generated and mixed with the beacon replies and applied 
to the input of the RVDP. 

Each target output message from the DTG was printed 
out. Various combinations of code content within the message and code 
validation indications in the message label were counted. 

The test was performed with the following operating 
conditions: 

1. Run length: 45 
2. Tt: 2 
3. Mode interlace: 1:1:1 (A/3, 2, C) 
4. Tl: 7 and 9 
5. Target reliability (TR): 0.7 and 1.0 
6. Fruit density: 0 to 200, 000 per scan 
7. Code validation for each mode is begun at Tj^ 

Figure 36 represents probabilities for all possibilities 
of correct or incorrect code validated and not validated for the total 
population. For a specific set of test conditions, the sum of all four 
probabilities for each data point will be unity. 

The probability of correct code validation versus fruit 
density is shown for each test condition. With higher TL settings, the 
probability of validation of correct codes decreases. With lower values 
of target reliability, the probability of validation of correct codes 
decreases. 

The probability of the occurrence of correct code 
reported but not validated versus fruit curves indicates that the attempt 
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to validate the replies available was not successful, 
code that was received was correct but not validated. 

The last reply 

r.... —rr 
»... .» , During the collection of data for the code validation 
test, it was noted that a significant number of false SPI pulses occurred 
m a ruit environment. The data were tabulated and reduced and 
Figure 37 .how. the probability o£ declaring a £al.e SPI pul.é on Mode 

h/.l.r r?“* Ui‘ den,i,y- The val“« obtained are con.ider.bly 
higher than de.ired. Thi. i. due to the fact that the SPI pul.e i. not * 

cp,*'"® ' PUl,e det'c"d in *h' «PI po.ition i. Sufficient to 
report an SPI pulse as part of the output message. 

On-Line Tests of Code Detection 

f , .. ligt Procedure - A test aircraft was flown along a 

to in.ur.r,ha,a h maximtum r"8e <20° "mi> “ an altitude of 26, 000 feet 
antlnV. a ' airc'aft waa alway> within line-of-.ight of the beacon 
antenna As soon as the aircraft was identified and had attained the 
assigned altitude, data collection began. 

Three m°de interlace with a ratio of 1:1:1 (a/3 C 2) 
wa. used by the beacon interrogator. However, the ,.., aircraft’ wa. no, 
equipped to reply to mode 2 interrogation. The mode A/3 and mode C 
repite, were received and applied to the input to the RVDP. Output 

»d áÜfí’ Wr.rCOrd'd °n “»«■“«o *aP«- The data were later reduced and analyzed with a computer. r-uuceu 

RVDP th* The threshold at which validation begins is, in the 
This val» me a® L* A T^ of six was used throughout the test flights. 
Appendiic Vl'8 C^°8en a* a re,ult £ruit density tests described in 8 

a. 
for morfd* A/1 j e8t Results - The curves for probability of validation 
ind « a. % a’ a f,m,:,ion of are .hown in Figure. 38 

39, re.pectively. Curves for both correct-code-validated and incorrect- 

for dir 1 d'ed are Sl\OWn' The da,a w'r* srouped into 20 nmi segments 
n¡lh,.M Í0n.a,n, |,r‘aenta,io”- For a limited time during ,h. te», 
cldl ^nn f emergency code 7700 and the communication failure 
code 7600 were transmitted by the aircraft. Of 26 total antenna .can», 

3 *Te COrre y ?lidat<d' ‘I- validated with an incorrect code, 
and 3. 8% were reported correctly but not validated. 
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i During the entire code validation tests, no validated 
false emergency code (7700) or false communication failure code (7600) 
was reported. 

RVDP Performance Using Defruited Beacon Video: The RVDP was 
designed to detect beacon targets and successfully extract code infor¬ 
mation with input video signals consisting of a mixture of synchronous 
and non-synchronous (fruit) beacon replies. This, of course, requires 
that the proper settings of statistical detection in the RVDP have been 
made for the beacon system and environment in question. It was found 
that a statistical detector such as the sliding window detector is partic¬ 
ularly suited to a system where target reliability will average less than 
unity. 

The question then arose as to how this type statistical detector 
would perform with input video signal that has most of the non-synchronous 
replies removed with the use of defruiting equipment. The following two 
tests were performed and the results are shown. 

Probability of Detection - The DTGTS was used to generate a 
continuous succession of beacon targets. These targets all occurred at 
the sime range. An average fruit density of 100, 000 random replies per 
antenna scan was also produced and mixed with the target signal. The 
composite signal was then applied to the input of a storage tube defruiter 
adjusted for normal operation, and the output of the storage tube defruiter 
was applied to the RVDP input. 

Target RL settings of 30 and 45 were used. The random¬ 
gating function of the DTGTS was used to randomly inhibit single replies 
within the target run length. For various settings of the random gating, 
the number of replies of the run length allowed at the DTGTS output was 
counted. The ratio of total replies at the DTGTS output to the run length 
setting represents the Target Reliability (TR). 

A mode interlace ratio of 1:1:1 (A/3, C, 2) was used through¬ 
out the tests. 

Tie number of targets generated by the DTGTS and the 
number of targets declared by the RVDP were counted to obtain probability 
of detection. 

ï j The curves of Target Reliability versus Probability of 
Detection for T^, equal to 6, 7, 8, and 9 are shown in Figure 40. These 
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curves resulted from using test target run lengths of 30 an t 45. A run 
length of 30 represents a minimum target and a run length of 45 repre¬ 
sents an average target for a system whose antenna rotation rate is 
6. 25 revolutions per minute and whose interrogation rate is 360 per 

second. 

As expected, the probability of detection for each setting 
of Tl is less than the same settings would produce using undefruited 
video input. Using defruited video, the effective TR is actually less 
than the TR specified in the test as the signal is applied to the beacon 
receiver. The operation of the defruiter is such that the last reply that 
occurs on each mode is stored in the defruiter and, since no additional 
reply is received for comparison to the stored reply, it is lost. There¬ 
fore, even with TR=1, one less reply on each mode is applied to the RVDP 
input from the defruiter output. When a TR less than one occurs for each 
miss that occurs during the target run length, an additional reply is lost 

in the defruiter. 

Code Validation - The DTGTS was used to trigger beacon replies 
for each mode from a beacon code generator. Various fruit densities 
were generated and mixed with the beacon replies and applied to the 
input of the RVD ’ through the beacon receiver. A storage tube defruiter 
was ised t< provide the defruited video input. 

Each target output messags from the DTG was printed out. 
Various combinations of code content within the message and code vali¬ 
dation indications in the message label were counted. 

The test was performed with the following operating con¬ 

ditions: 

1. Run length: 45 
2. Mode interlace: 1:1:1 (A/3, 2, C) 
3. T = 6. TT = 2 
4. Target reliability (TR): 0.7 and 1.0 
5. Fruit density: 0 to 200,000 per scan 
6. Code validation for each mode is begun at T^. 

AT of 6 was selected for this test as an attempt to provide 
a compromise sefeing for both defruited and undefruited video. It is not 
an unreasonable setting for both videos and provides data which can be 
used for relative comparisons. 
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Figure 41 represents probabilities for all combinations of 
correct code validated and not validated and incorrect code validated 
and not validated for the total population. For a specific set of test 
conditions, the sum of all four probabilities for each data point is unity. 
The curves representing the RVDP code validation performance using 
undefruited video with Tt = 6 are repeated in Figures 41 and 42 for 
convenience in comparing results. 

The probability of the occurrence of correct code validation 
versus fruit density is shown in Figure 41A with the defruiter in (de- 
fruited video) and the defruiter out (undefruited video). With TR = 1 
there is essentially no difference in the probability of the occurrence of 
correct code validation with defruited and undefruited video. However, 
with TR = 0. 7 there is a difference. This is due to the fact that with 
the defruiter in, the effective TR is actually less than 0.7. The TR 
specified in the test is the TR as the target is applied to the receiver. 
The operation of the defruiter is such that the last reply that occurs on 
each mode is stored in the defruiter and, since no additional reply is 
received for comparison to the stored reply, it is lost. Therefore, 
even with a TR = 1, one less reply on each mode is applied to the RVDP 
input from the defruiter output. When a TR less than one occurs for each 
miss that occurs during the target run length, an additional reply is lost 
in the defruiter. It is quite possible that, if enough replies for each 
mode were available, validation would ultimately occur. This is evidenced 
by Figure 41B which shows that a high probability of the occurrence of 
correct code not validated occurs for defruited video with TR = 0. 7. 
Figure 41B also shows that defruited and undefruited video at TR = 1.0 
and undefruited video at TR = 0. 7 produce very similar results. 

Figure 41C shows that a higher probability of the occurrence 
of incorrect-code validation occurs with undefruited video. This is partly 
due to the fact that garble situations that occur may not always be indi¬ 
cated as garble. When an SPI pulse (false or valid) is detected as part 
of a code train, certain garble situations that may be present are not 
ind;cated and an incorrect code may be stored in memory. Usually, 
whet, a garble is detected, the code is destroyed. The SPI pulse detec¬ 
tion can prevent this since an ambiguity exists between the presence of 
an SPI pulse and a garble situation. This method of operation would be 
acceptable if the probability of declaring false SPI pulses were very low. 
However, this is not the case as shown in Figure 42. An excessive 
number of false SPI pulses are declared. This number can be considerably 
reduced by validating the SPI pulse. 

Figure 41 D shows the probability of the occurrence of 
incorrect codes not validated. These curves are as expected in view 
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of the previously described curve* They simply indicate all remaining 
incorrect codes that were not validated. 

Mode Generation and Detection 

Description - The RVDP has the capability to internally generate 
Modes A/3, 2, and C interrogation pulse pairs for use by a beacon ground 
station transmitter. In additioni the side lobe suppression pulse can 
also be included for external use. 

During internal mode of operation, the RVDP generates 
the beacon interrogation pulse pairs in an interlace pattern selectable 
on the mode interrogation control panel. The available interlace sequences 
are as follows : 

1. 0 through 4 mode A/3 interrogation followed by: 
2. 0 through 4 mode 2 interrogations followed by: 
3. 0 through 4 mode A/3 interrogations followed by: 
4. 0 through 4 mode C interrogations followed by 

recycling 

While generating interrogation triggers for external use, 
applicable mode control signals for use by the RVDP also are generated. 

To generate the interrogation pulses, a decoded output of 
the search range counter to be gated into the mode interrogation delay 
line is enabled. The desired settings of the mode interrogation switches 
control the preset of the mode interrogation repeat register; this permits 
advance of the mode interrogation register by the decoded range count. 
The interrogation register outputs are used to gate the delay line outputs 
to a pulse shaper and to the output line driver. The side lobe suppression 
pulse, as mentioned previously, also is generated two microseconds after 
pulse PI. A detailed description of the interrogation pulse pairs is 
contained in Appendix V. 

Performance - The mode-selector switches were used to 
generate the various interrogation pulse pairs and combinations of 
interlace ratios. It was verified that the combinations did indeed occur, 
and the measured pulse parameters were as follows: 
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Pulse Amplitude (volts) 
Pulse Width (microseconds) 
Pulse Rise Time (microseconds) 
Pulse Decay Time (microseconds) 
Jitter 

Pulse Separation (microseconds) 
PI to P2 
PI to P3 

Mode 3/A Mode 2 Mode C 
17. 50 

0. 83 
0. 06 
0. 12 
0. 06 

2. 02 
8. 06 

17. 00 

0. 81 
0. 06 
0. 12 
0. 06 

2. 06 
5. 06 

17. 00 
0. 82 
0. 06 
0. 12 
0. 06 

2. 03 
21.04 

When externally generated pulses are used to triaaer the 

ab::T T!,prnt' ,he PU,S',S arc SupPUed *0 ‘h' RVDP on .wo Le. and 
,K í ,nternal COntro1- Th- ¡««rogation pulso» are gated 

T 'rPr ' receivers to the mode-interrogatlon delay line. Taps 
on the delay Imc are used to check for a PI pulse that occurs 5, 8, or 21 

ln ÜSe^0n * e ”ri‘ the P3 Pulse for detecting beacon mode processing 
n ac, ordance w.th the mode detected. Tie interrogation interlace for 
ic mode triggers is established by the ATCBI-Î equipment when gen- 

crated externally. B 

Accuracy 

Nat.oX' T''1”'’' “f ,hC RVDP Patinent to its use as a component of the 
National Airspace System (NAS) is a function of the primary radar and 

C“n ‘V-ems supply,ng lhe inputs to the RVDP and may be determined 
on y by observing actual aircraft targe,» in a live environment. tZ. 

RVDP d.e'l MPU'S “‘T' Cund"c,cd ,0 determlne to what extent the 
RVDP itself could contribute to system error. 

. ' - 3x.ra? Ch‘,Cl<8 ^ Cunlr°ll‘-d InPQt^ Range and azimuth accura- 
.i c L P lmdrV radar and beacon detectors were measured statically 
„rough the use of tes, target signals. The static tests were performed 

accurIcygaThe prOCCS‘or p^“'iarlties might affect the system 
oracy. The range accuracy static tests were performed to check the 

accuracy of the range clock and to investigate the effect of receiver noise 
and beacon fruit on range accuracy. The azimuth accuracy static tests 
were performed to check the amount of azimuth bias produced by the 
sliding window detector and to investigate the effect of receiver noise 
and beacon fruit on azimuth accuracy. 

Primary Radar Azimuth Accuracy 

accuracy tostf' - The primary radar static azimuth 
curat y sts were conducted with the RVDP leading edge threshold 

79 



at 6 and the percent noise setting at 4%. A strong test target (14 dB 
above MDS) was inserted into the radar waveguide. The target messages 
reported by the RVDP were recorded with - Tj (sliding window 
leading edge threshold minus trailing edge threshold) settings of 2 
and 5. 

B* Test Results - There is an expected difference between 
the actual center azimuth and that reported by the RVDP due to the run 
length stretching effect of the sliding window. * The test results are 
shown in Figure 43(a). Each distribution represents 240 data samples. 
It can be seen that the mean azimuth bias is within one AGP** of that 
which was calculated. This bias is of no concern in an operational 
environment since it would be corrected with the azimuth counter preset 
provided in the equipment. The range of data is as expected: + 1 AGP, 
due to the fact that the number of ACP's per scan do not equal the number 

triggers per scan; and 2 ACP's, when the effect of noise hits adding 
to either e.id of the target run length is included. 

Beacon Azimuth Accuracy 

A. Test Procedure - The beacon static azimuth accuracy 
tests were conducted with the RVDP leading edge threshold at 7 and a 
1:1:1 (A/3, 2, C) mode interlace ratio. The DTGTS (described in 
Appendix IV) was used to generate the test signals and the fruit for this 
test. The target messages reported by the RVDP were recorded for 
each combination of the following conditions: 

1. Fruit density: 0 and 100,000 per scan 
2. Target Reliability: 1.0 and 0.7 
3. Tt setting: 2, 3, and 4 

X /. 

B. Test Results - The test results are shown in Figures 
43(b) to (e). Each distribution represents 200 data samples. The 
azimuth bias is considerably greater than the primary-radar azimuth 
bias because of the three-mode interlace.* 

Figure 43(b) represents the ideal situation of no fruit 
and a target reliability of 1.0. Figure 43(c) shows the distributions of 
azimuth bias for a fruit density of 100, 000 replies/scan and a target 
reliability of 1.0. As expected, the spread of the distribution is greater 

* See Appendix VII 

** 1 AGP represente 0.088 degrees 
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due to the fruit environment. The experimental mean changed very little. 
This is also expected since fruit could add to either end of the target run 
length. 

Figure 43(d) shows the distributions of azimuth bias 
for a zero fruit density and a target reliability of 0. 7. The distribution 
spreads have increased due to the missing replies in the target run 
length of 0. 7 target reliability. The means have also increased. This 
is as expected since the missing replies will always cause the RVDP 
declared azimuth to shift farther in azimuth from the actual target run 
length center. 

Figure 43(e) shows the distributions of azimuth bias for 
a fruit density of 100, 000 per scan and a target reliability of 0. 7. This 
situation represents a worst case in distribution spread and bias shift. 

Primary Radar Range Accuracy 

A* Test Procedure - The primary radar static range 
accuracy of the RVDP was tested by generating two targets at the same 
azimuth and at nominal ranges of 50 and 150 nmi. The actual and 
reported ranges of these targets were then compared. 

The RVDP internal test target generator was set for one 
”mi, TheBc te8t‘Ur8et pulses triggered a digital delay generator (Hewlett- 
Packard 218) whose delays were set for 500 and 1800 microseconds. The 
delayed pulses were used to modulate an RF signal generator, the output 
of which was applied to the radar waveguide. The signal generator power 
was adjusted to 12 dB above radar MDS and the RVDP percent noise 
setting was set for 8 percent. The resulting target messages were 
recorded for 10 scans. Both delays were increased 32 times in 0. 2 
microsecond steps; the RVDP output messages were observed for approxi¬ 
mately 10 scans each time. 

B. Test Results - The resulting range distributions asso¬ 
ciated with delay for the first eleven range increases are shown in 
Figure 44. 

After adding the 1 nmi test target delay and 2. 6 micro¬ 
seconds (for line delay, RF generator and receiver delay) to the 600 and 
1800 microsecond delays from the pulse generator, the total delays from 
RVDP search zero range count are 49.753 nmi (614.96 microseconds) 
and 146. 841 nmi (1814. 96 microseconds). As can be seen from Figure 44, 
the initial reported ranges are 49 13/16 (49. 812 nmi) and 146 14/16 
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(146. 875) nmi. The deviations between the expected and reported ranges 
are 0.059 and 0.034 nmi, respectively. These deviations are less than 
the 1/16 nmi precision of the RVDP. The small difference in these 
deviations at widely-separated ranges shows negligible error in RVDP 
master clock frequency. 

Figure 44 shows that the target report distributions 
cross 1/16 nmi interfaces for approximately every 0. 8 microsecond 
change in target position as expected and that there are very few target 
reports whose range accuracy was declared on a noise hit. 

Beacon Range Accuracy 

A. Test Procedure - The test procedure for the check on 
beacon range accuracy was similar to that for the primary radar range- 
accuracy check. Nominal ranges of 10 and 100 nmi were selected for 
the beacon targets. 

B. Test Results - Because of the lack of noise in the beacon 
system as opposed to the primary radar system, the distributions were 
not plotted. The difference between reported range and actual range as 
a function of actual range is shown in Figure 45 for the target at 10 nmi 
and Figure 46 for the target at 100 nmi. The dotted lines which are 
extended to the limits of the 1/16 nmi range increment generate a saw¬ 
tooth function which is a characteristic of quantizing error. The mean 
error was found to be 0. 01 nnru at both 10 and 100 nmi, which again 
indicates a high degree of linearity in the RVDP master clock. 

The test was repeated with a fruit density of 100, 000 per 
scan. Only 1.2 percent of the reported ranges were in error by as much 
as 1/16 nmi due to range accuracy being declared on a noise hit. 

On-Line Accuracy Tests: The purpose of the accuracy tests was to 
obtain error distributions for the RVDP and to determine the correct 
value to use as a preset for the RVDP azimuth counters. During all 
testing the azimuth counter presets were zero. The RVDP range align¬ 
ment had been accomplished statically with test signals. During all 
accuracy tests, the ACP's were obtained from the ACP generator (SG-135) 
that was installed on the pedestal of the ARSR-2 antenna which was aligned 
to magnetic north (-9.6 degrees from true north). 

Range and Azimuth Accuracy 

A. Test Procedure - Accuracy of the RVDP for range and 
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azimuth was determined by comparison of the aircraft position data in 
each RVDP message (DRG output) with the aircraft position data reported 
by the Extended Area Instrumentation Radar (EAIR) facility. (The EAIR 
is one of the range instrumentation systems employed at NAFEC and is 
described in Appendix IV.) The actual c omparison was done by an IBM 
7090 computer. Aircraft flight procedures used during the accuracy 
measurements are described in Appendix I!. 

Test Results - RVDP target-position data are shown in 
Table II. As shown for the flight of February 11, 1966, the mean value 
for the reported azimuth difference was -1. 728 degrees for primary 
radar and -3.067 degrees for beacon. Therefore, -20 ACP's (1.728/0. 088) 
is the azimuth counter preset value for primary radar, and -35 ACP's 
(3. 067/0. 088) is the azimuth counter preset value for beacon. Range 
alignment was considered satisfactory since, for both primary radar 
and beacon, the mean range error was less than 1/16 nmi (0.0625 nmi). 

Distributions of the range accuracy data obtained on 
February 11, 1966, for primary radar and beacon are shown in Figure 47. 
Distributions of azimuth accuracy data obtained on February 11, 1966, 
for primary radar and beacon are shown in Figure 48. 

Accuracy as a Function of Range - To ascertain if the range and 
azimuth error varied as a function of range from the ARSR-2 facility, 
the inbound flight data (DRG output) of January 25, 1966, (beacon) and 
February 8, 1966, (primary radar) were grouped into 20-mile incre¬ 
ments. The statistics for these grouped data, which are shown in 
Figure 49, do not indicate any definitive pattern insofar as target- 
position reporting being a function of the range from the facility. It 
should be noted that, in almost every case, the dispersion of data 
(standard deviation) was greatest at the minimum and maximum ranges. 
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TABLE II 

RVDP ACCURACY DATA 

RANGE ERROR AZIMUTH ERROR 
Date of No. of Mean S. D. ** Mean* S. D. ** 
Flight_Samples_(Nautical Miles)_(Degrees) 

BEACON ONLY 

1/25/66 590 0.084 

2 / 9/66 318 0.032 

2/11/66 196 0.007*** 

PRIMARY RADAR ONLY 

2/ 8/66 374 0.211 

2/11/66 354 0.057*** 

PRIMARY RADAR AND BEACON 

2/11/66 163 0.019 

0.165 2.922 0.254 

0.101 2.930 0.214 

0.055 3.067*** 0.356 

0.102 1.638 0.272 

0.096 1.728*** 0.233 

0.030 1.694 0.105 

* Referenced to magnetic north 

** One standard deviation 

*** Values used in determining preset values for range and azimuth 
counters 
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Resolution 

The resolution capability of the RVDP pertinent to the actual mini¬ 
mum aircraft separation distance required that would result in a discrete 
target being detected for each aircraft is a function of the primary radar 
and beacon systems supplying the inputs to the RVDP as well as the RVDP 
itself. These tests were accomplished with actual aircraft ii^a live 
environment. Range and azimuth resolution checks were performed with 
controlled inputs to determine the effect of the RVDP itself on system 
resolution. 

Resolution Checks with Controlled Inputs; The range and azimuth 
resolution capability of the primary radar and beacon detectors was 
measured statically through the use of test signals. Range resolution 
tests checked the operation of the range discrimination modification 
and azimuth resolution tests checked the stretching effect of the sliding 
window detector. 

Azimuth Resolution 

A. Test Procedure - Primary radar azimuth resolution was 
statically tested by inserting two 14 dB test targets into the waveguide at 
the same range. While observing the test target pair on the RAPPI 
monitor, the initial azimuth separation was decreased until the resolution 
threshold was approached. Then, the number of resolved occurrences 
in 20 scans was observed each time the azimuth separation was decreased 
by one radar trigger period until the targets were 100% unresolved. 

Data were taken for five target-detection parameter 
combinations as shown in Table III. This table also shows the minimum 
azimuth separation for resolution, which is a function of target run length 
and trailing-edge threshold** only. 

TABLE IE 

AZIMUTH RESOLUTION TEST CONDITIONS 

RVDP Settings 

tt 

(triccers) 

Target 
Run 

Length 
(triggers) 

Calculated Minimum 
Azimuth Separation 

for Resolution tl 

(triggers) 

PN tl-tt 

ftrioaersl (triggers) (degrees) 

6 
6 
6 
7 
7 

4% 
4% 
4% 
8% 
8% 

2 
5 
2 
2 
5 

4 
1 
4 
5 
2 

16 
16 
10 
16 
16 

25 
28 
19 
24 
27 

2. 6 
2. 9 
2.0 
2. 5 
2. 8 

* See Appendix II 
** S«« Appendix VII 92 
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Test Results - Figure 50 shows the percent of resolved 
occurrences versus azimuth separation in triggers. If noise were not 
present, the curves of Figure 50 would all be step functions with the 
break oo urring at the calculated minimum azimuth separation indicated 
in Table III. With noise in the system, noise hits will, on occasion, 
occur between the two targets and cause them to become unresolved. 
The binomial distribution may be used to calculate the probability that 
a sufficient number of noise hits will occur to cause the targets to become 
unresolved. The azimuth resolution curves of Figure 50 are plotted from 
calculated data while the data points shown are the results of the measure¬ 
ments. 

A similar static test was performed to check beacon 
azimuth resolution. The results were consistent with the theoretical 
values calculated from the expressions derived in Appendix VII. Since 
the checks were made without a fruit environment, the results were 
deterministic rather than probabilistic as was the case for the search 
tests. 

Range Resolution 

A. Test Procedure - To statically test primary-radar range 
resolution of the RVDP. two RF test targets were generated at the same 
azimuth and at a nominal range of 50 nmi--separated by 1 nmi. The test 
target power was 14 dB above that required for minimum discernible 
signal, and the pulse widths were 3. 5 microseconds (the width of typical 
returns from large aircraft targets as observed on an "A" scope). The 
range of the farthest target was decreased in 0. 7 microsecond steps until 
the targets were coincident. Then the range of this target was increased 
in 1.4 microsecond steps until a 1 nmi separation was again established. 
Each time the separation was changed, the RVDP output was monitored 
for five scans. 

B. Test Results - Figure 51 shows the 5-scan mean difference 
in reported ranges versus target separation in microseconds or nautical 
miles. This figure shows that reported separation decreases linearly 
as range separation decreases until the target pulses merge (at 3. 5 
microsecond separation). At this time a range split occurs and the 
reported separation remains constant as the true target separation is 
decreased. When the target separation decreases to the point where the 
combined pulse width is less than that required for a range split (nominally, 
4 microseconds), the farthest target disappears and the function decreases 
to zero. 
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It can be seen that the search range resolution of this 
system is a matter of definition; i.e. , whether the target pair is con* 
sidered unresolved when their reported ranges no longer indicate the 
true separation, or when the second target disappears. If the second 
definition is used, the RVDP is able to resolve targets in range even 
though their signal returns overlap. 

Beacon range resolution was also tested by decreasing 
the range separation between two test targets at the same azimuth. The 
pulse width of the beacon signal was 0. 5 microseconds and, therefore, 
range resolution should be primarily a function of the 3. 1 microsecond 
range roll. Beacon range resolution was found to vary from 1/4 nmi to 
1/16 nmi, depending on the relative position of the first target within its 
own range cell. 

On-Line Resolution Tests 

Test Procedure - The flight test laboratory described in 
Appendix IV was used to collect the on-line resolution data. While 
observing the displays, ATC specialists recorded the number of targets 
that were displayed for two test aircraft proceeding along a radial (range 
resolution) or along an arc (azimuth resolution). To eliminate the effect 
of trail data, the scan converters for both the digital channel and the video 
channel were adjusted so that the displayed targets were erased within 
one antenna-scan period. 

Aircraft-separation data during these dual-aircraft flights 
were collected by observance of the range-tracker indicator panel 
(Appendix IV) installed in the trailing aircraft. During each antenna 
scan, the observed aircraft separation value was transmitted to the 
control/display area to enable recording concurrently with the collection 
of display-resolution data. 

In addition to the use of the Atlantic City VORTAG facility 
by both aircraft, the trailing aircraft was vectored by the NAFEC Test 
Control Facility to assure that both aircraft were proceeding along the 
same arc during the azimuth-resolution tests. Aircraft flight procedures 
specified the desired aircraft separation during each radial or orbital 
flight pattern. 

Test Results 

A. Range Resolution - The capability of the ATC specialist 
to detect two targets, as a function of aircraft separation during the radial 
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flights, 18 shown in Figur, S2 for primary radar and Figure S3 for beacon 
As indicated in Ihese figures, the required aircraft separation that 

resulted in two targets being displayed for 80% of the antenna scans was 
between 0. 5 and 0. 6 miles for the video channel and between 0. 6 and 0 7 

miles for ,he digital channel. The difference between the two channels 
was attributed to the resolution of the display subsystem (RBDE-S) since 
he diameter of the "do," on the digital-channel display was greater than 

writ^g o„° h'e "S,aSh" °n ,he V‘de°-Ch—' instant of writing on the scan-converter tube. 

RBDF S « h ♦ T° eXclude ,he limitation due to the resolution of the 
RBDE-5 subsystem, an analysis of the RVDP messages (DRG output) 

TrZZ': ; C'<‘Lh SCan for ,he aircraft was “performed For 
P y ra ar returns, two messages were generated for 80% of the 
antenna scans when the aircraft separation was between 0.2 and 0 3 
m les Figure 82,. For beacon, the 80% point was reached when the 
aircraft separation was 0. 4 miles (Figure 53). 

B. Azimuth Resolution - Th#» ranakii;».. „<■ .i-_ » r„„ . .. 

bltriLTr “T” 88 8 fnnc:ron o; .ya°mu«'h ^ ^ 
IZZ 8'rCr8,,• U 8hOWn in Fi*ur8 54 primary radar and 

point, was between^ ^To^ee^ “ ^ 
degree value for the video channel. 

as being between 7^5 a^«“0 df Ch8nne‘ r'8°lu,io" »a« considered 
..i / 5 and 8-0 degrees, as compared to a 6. 5 to 7 0 decree 

::: 
, For both Primary radar and beacon, the azimuth resol,. 

xamn?e ShWere CO"8‘d8r8d ad'1-' view of system theorT F" 

o c7ar the ,3P b.TasMdr ■*' 8'‘dÍn« • ««•»• o/. misses 
declariL T i n 8 W‘ * °f "hi'8" from on' aircraft (prior to 
declaring TT, before receiving "hits" from the second aircraft 

,i During the reduction of aaimuth resolution data onlv 
•hose antenna scans were considered Ihat resulted an R VHP , 7 
message (DRG output, for each test aircraft, .'id^ch* m^.TgJVe^rting 
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the range of each aircraft within the same RVDP range cell. This 
definition was necessary to eliminate the effect of the range resolution 
capability of the RVDP. However, this placed a limitation in the amount 
of usable data since it became essential that both aircraft had to be at 
the same range from the radar facility. For example, during the 
azimuth resolution flight for primary radar, RVDP messages were 
obtained for 609 antenna scans. Of this total, resolved-target messages 
were obtained for 468 antenna scans, indicating the resolution capability 
of the RVDP when both range and azimuth resolution were considered. 
However, only 22 resolved-target messages were obtained that could 
be considered independent of the range resolution capability of the RVDP. 
To supplement the beacon azimuth resolution test data, a beacon azimuth 
resolution curve was derived from a population of beacon target run 
lengths (width of actual beacon returns in radar triggers). The resulting 
derived curve shown in Figure 54 represents beacon targets from the 
entire range coverage of the beacon facility and each data point repre¬ 
sents an average population size of 420. The method of deriving resolu¬ 
tion from target run length is described in Appendix VII. 

The difficulty in obtaining azimuth resolution measure 
ments that were independent of the range resolution capability of the 
RVDP indicates the overall resolution capability is primarily a function 
of range resolution. This characteristic becomes more apparent when 
a longer storage time is used for the RBDE-5 scan converters since 
two aircraft would have to remain within 1/4 mile (slant range from the 
radar facility) of each other to avoid being resolved over a period of 
several scans. The overall resolution capability of the digital channel 
is depicted in Figure 55, which can be compared to the resolution 
capability of the video channel (Figure 56). 

—SPht Rate: In detection systems such as the RVDP, changes 
m the detection criteria which improve target resolution result in an 
increase in the split rate for single targets. A range split occurs when 
the radar return from an aircraft is so wide as to be quantized and 
detected in more than one range cell. An azimuth split occurs if, after 
trailing edge detection (TT), sufficient hits are received that can cause 
leading edge threshold detection (TJ a second time during the scanning 

Test Procedure - RVDP messages (DRG output) that were 
obtained during the single aircraft flights were analyaed to determine 
the number of splits that occurred. 

» 

101 



r

ou<w
OQ

z
0
HH

H<
H
Zw(/)u
ct
CL
>-<
a
5
uzz
<
1u
<
H
a
a
iTi
iT

o

102



u<
u
CQ

0
H
<
H
2
U
V)
Uoccu
>«
<
J
0.
73
5
ju
2
2
<
1 
U
o
Uj
Q
>

iTi

o
u,



Teat Results - For a total of 1, 382 primary radar messages that 
were analyzed, there were 30 (2. 17%) splits and eight (0. 58%) duplicate 
messages. The duplicate messages that were presented were not con¬ 
sidered splits since both messages had exactly the same reported 
range and azimuth. 

For a total of 1,634 beacon messages that were analyzed, 
there were 11 (0.67%) splits and 11 (0.67%) duplicate messages. 

Data Transfer Capacity 

Target messages were transmitted from the radar/RVDP site to 
the point of use via three class 4A telephone lines and their associated 
modems (Lenkurt type 26B). The performance of the data transfer 
system is the subject of a separate report. ® 

Message Transfer Rate: Each of the three telephone lines was driven 
at a 2400-bit-per-second rate for a total data transfer capacity of 7200 
bits per second. An RVDP message, for primary radar only, consisted 
of 52 bits, and a beacon message (or a combined beacon and primary 
radar message) consisted of 91 bits. Between each message is a 13-bit 
idle character which, when added to the message bits, resulted in a 
transfer requirement of 65 bits or 104 bits for each message. Thus, the 
message capacity of the data transfer system was a maximum of 1060 
primary radar target messages of 665 beacon target messages per 9. 6 
second scan period of the radar. These transfer rates are maximum 
transfer rates and the transmission of map messages, status messages, 
etc, would correspondingly reduce the capacity for transfer of target 
messages. 

Normally, a mixture of beacon and primary radar messages would 
be transferred, and the maximum message capacity under such conditions 
would be of most interest.' Assuming 200 beacon target messages are to 
be transferred per scan, a maximum of an additional 740 primary radar 
messages could be transferred for a total of 940 messages per scan. 

Test Procedure - During many of the flight tests, especially 
when weather clutter was present, a count of total messages processed 
per scan was maintained at the output of the RVDP. 

Test Results - Data on message counts per scan obtained at the 
output of the RVDP are presented as histograms in Figure 57. Under 

8 
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com itions of light clutter and no clutter, the message transfer rate 
rem lined veil within the capacity of the data transfer system. How- 
evei, when the clutter extended over a significant portion of the surveil¬ 
lance area as it did on February 16, 1966, the maximum capacity of the 
data transfer system was approached. 

When ACE was not employed during weather clutter tests, 
the number of messages that were processed did, on occasion, exceed 
the maximum capacity of the data transfer system. At no time during 
weather-clutter tests did an overload condition exist in the data transfer 
system when the ACE function was on. 

Message Time-In-Storage: A time-in-storage is computed for all 
beacon and search messages in the DIG. When the message is read 
from memory to be placed in the output register, the time-in-storage 
word is added. The time-in-storage, which is in 0. 1 second increments, 
is also compared to a constant number equal to 1/2 of the time of one 
antenna scan. If the OVER 1/2 SCAN INHIBIT function is enabled, and 
the 1/2 scan comparator circuit determines that a target has been held 
in the memory for more than 1/2 scan, the message is obsolete and is 
destroyed by resetting the output register in which it is held unless one 
of the emergency beacon codes (7600 or 7700) is present. If the OVER 
1/2 SCAN INHIBIT function is not enabled, the message is transmitted. 

Test Procedure - The time-in-storage information was extracted 
from recorded flight test data for periods of time that represented 
different message rates. The OVER 1/2 SCAN INHIBIT function was 
disabled. 

Test Results - The time-in-storage distributions that resulted 
from four message rates are shown in Figure 58. Under conditions of 
no clutter (Figure 58a), very few messages encountered delay in output 
processing. In light clutter conditions (Figure 58b), more messages 
are delayed but the percentage of messages delayed and the amount of 
time-in-storage is not significant when compared to the 1/2 scan time. 

Figure 58c shows the time-in-storage distribution that 
resulted from a heavy clutter condition with ACE on. In this case the 
average message rate is close to the maximum message handling 
capability of the system. Under these conditions the percentage of 
messages delayed increased further, but here again, this percentage 
and the ar.iount of time-in-storage of the delayed messages is not 
significant. This indicates that as long as the message rate remains 
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below an overload condition, as will always be the case with ACE on, 
mesiage delay in transmission will not be excessive. 

Figure 58d shows the time-in-storage under conditions of 
clutter which extended over a significant portion of the surveillance 
area with ACE off. An overload condition occurs and the maximum 
message transfer capacity or saturation of the system is reached. In 
addition, since messages are being generated faster than they are trans¬ 
mitted, the time-in-storage also approaches the maximum value. 

It must be pointed out that the maximum time-in-storage 
and maximum messages per scan indicated in Figure 58d do not exactly 
agree with the predicted values for the system. This was investigated 
and it was found that an adjustment in the time-in-storage circuitry 
had been inadvertently changed, thus producing the difference. This 
small difference does not affect the validity of the data. 
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SUMMARY OF RESULTS 

1 I he primary radar quantizer reference level control system 
maintained the proper probability of quantizing under normal conditions 
and prevented 100% quantization in simulated clutter tests. 

2. Aircraft target run length distributions indicate that suppressing 
targets with run lengths greater than 37 would not degrade target detec¬ 
tion while suppressing targets with run lengths less than 5 would cause 
fewer than 10% of the target returns from ISO to 200 miles to be lost. 
Run length distributions of clutter targets indicate that SS% to 70% of 
clutter returns would have been suppressed with these run length criteria. 

3. For any fixed false target rate, the maximum primary radar 
detection sensitivity was achieved with a leading edge threshold (Tt ) of 7. 

Lt 

4. With a leading edge threshold (Tj ) of 7 and a percent noise 
setting (PN) of 7%, the primary radar probability of false alarm was 10'6 
with receiver noise only as an input. 

5. The sensitivity at maximum range was equivalent for RVDP 
processed video and unprocessed video (PPI display) for both primary 
radar and beacon. 

6. The ability of ATC specialists to track aircraft through weather 
clutter was essentially the same whether they used the displayed output 
of the RVDP or a normal radar PPI display. 

7. The Automatic Clutter Eliminator (ACE) performance indicated 
that the probability of false alarm due to clutter was limited to approx¬ 
imately 10- . The false alarm rate in clutter was not adjustable and no 
optimization of the balance between sensitivity and false alarm rate in 
clutter was possible. The Common Digitizer (AN/FYQ-40) will have 
selectable clutter false alarm rates. 

8. Pulse detection performance in the beacon quantizer was such 
that all reply pulses whose parameters complied with established specifi¬ 
cations were quantized. The rise time criterion was. however, 
responsible for rejecting some closely-spaced pulses. 

9. The statistical detection of beacon targets performed as 
theoretically predicted. In all fruit densities tested it was possible to 
maintain a low probability of false alarm through proper selection of the 
leading edge threshold (Tj ). 
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10. ' he size of the beacon code pulse acceptance zones was a 
tunc .ion o: pulse width. A 0. 3 microsecond code pulse was rejected 
when on the order of 0. 2 microsecond away from its nominal position, 
while a 0. 6 microsecond code pulse was not rejected until it was over 
0. 5 microsecond from its nominal position. 

11. During flight tests in the fruit environment that exists in the 
Elwood area of coverage. 88% of the beacon code replies were properly 
etected and validated. In tests with simulated fruit densities of 100.000 

per scan the percentage of beacon code replies which were properly 
detected and validated was 78% when the target reliability was 0. 7 and 
the leading edge threshold was 6. The code validation threshold (Tv), 
the number of hits required in the beacon sliding window before the code 
validation process was initiated, was slaved to the leading edge 
threshold (TL). Thus, it was not possible to simultaneously optimize 
! detection and code detection processes. The Common Digitizer 
(AN/FYQ-40) will have a separate code validation threshold control. 

12. The probability of declaring a false SPI pulse was 27% in a 
simulated fruit density of 100,000 per scan when the target reliability 
was 0. 7 and the leading edge threshold was 6. This is caused by the 
wide SPI pulse acceptance zones and the fact that SPI pulse validation 
is not performed. 

13. The use of defruited beacon video in the RVDP resulted in a 
lower probability of target detection and probability of correct code 
detection than the use of undefruited beacon video. This difference was 
greatest for targets with low target reliability. With the use of defruited 
video, a lower leading edge threshold would produce acceptable proba¬ 
bilities of target detection and correct-code detec*:on, but the probability 
of azimuth splits would increase appreciably. 

14. The standard deviations of the RVDP range and azimuth error 
distributions were approximately 0. 1 nmi and 0.25°, respectively. 

15. Aircraft separation required for a 50% probability of range 
resolution by the RVDP was approximately 0. 3 mile for beacon and less 
than 0.2 mile for primary radar. Aircraft separation required for a 50% 
probability of azimuth resolution by the RVDP was approximately 7° for 
beacon and 3° for primary radar at a range of 45 nmi. While the 
azimuth resolution capability of the RVDP may seem poor, it must be 
pointed out that the limitation in azimuth resolution only applies when 
the two aircraft in close proximity are within the same range cell. 
During flight tests it was very difficult to obtain azimuth resolution data 
since the test aircraft were seldom in the same range cell. 
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16. The overall target split rate of the RVDP was 2. 17%. 

17 During tests in weather clutter conditions the data transfer • 
rate approached, but never exceeded, the maximum capacity of the data 
transfer system and as long as maximum capacity is not exceeded, 

excessive message time-in-storage will not occur. 

» 
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CONCLUSIONS 

1. Modifications to th« RVDP units at Elwood and Suitland are 
required prior to integration into the NAFEC System Support Facility 
for the National Airspace System (NAS) for operational testing as a 
component of that facility. 

2. The primary radar quantiser and the threshold switching tech¬ 
nique employed in the RVDP operated satisfactorily. 

3. The primary radar target detection process, including the 
Automatic Clutter Eliminator (ACE), performed in a satisfactory 
manner and as theoretically expected. 

4. The beacon quantiser and statistical detector operated satis¬ 
factorily and as theoretically expected. 

5. The sise of the beacon code pulse acceptance sones is a function 
of pulse width and can become too wide to maintain an acceptable degree 
of accuracy in code pulse sampling and garble sensing in a high fruit 
environment. 

6. The performance of code validation was satisfactory in the 
normal live fruit environment that exists in the Elwood area of coverage. 
The performance was not acceptable in extremely high simulated fruit 
densities. An excessive number of false SPI pulses were detected. 

7. The use of defruited beacon video degraded the performance of 
the RVDP. 

8. The accuracy and resolution of the RVDP are satisfactory. 

9. The capacity (7200 bits per second) of the data transfer system 
is satisfactory. 
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recommendations 

It is recommended that: 

1. The RVDP anil, at Elwood, New Jer.ey. and Sultland, 
Maryland, modified a. below, be integrated into the NAFEC Sy.tem 

testing ..‘. comben,'on^íàcüiir" OPer*ti°"*1 

RVDP a, ShiiUand,^Maryland: ^ RVDP “ EIWO°d' N'W >h' 

nrnhabilit The, func,ion be modified to allow .election of 
probability of false alarm in clutter of 10"*, 10’^, 10”^, and 10”^ 

The slze of beacon code pulse detection zones be 
fnced (not pulse width sensitive) and limited to a zone which would allow 

e code pulse to be detected 0. 2 microsecond ahead of and behind 
nominal position. 

♦ u . ij i_ .(3) A 8eParate control for selection of code validation 
threshold be incorporated to permit the optimum selection for the environ¬ 
ment within which the system is to operate. 

(4) Validation of the reception of SPI pulse be performed 
in the same way as the other code pulses. 

b. Modifications to the RVDP at Suitland, Maryland: 

for th i H) An adjustable range discrimination capability be provided 
for the primary radar quantizers. 7 pruviucu 

radar detector2’ dUcrimiM,ion lo«‘« b. added to the primary 

(3) The beacon sliding window be changed from two 3-bit 
mode-sensitive sliding windows (for modes A/3 and C) to one 11-bit 
sliding window sensitive to mode A/3 only. 

followed'711* ÍOlWÍne prOCedur'* for “«‘‘¡"8 ‘he detection thre.hold be 



V 

a. The primary radar leading-edge detection threshold (TL) 
be fet at ?. ^ 

b. The percent noise (PN) be set at 7%. This setting may be 
adjusted to achieve the desired false alarm rate with the transmitter 
turned off. 

c. The run length discriminator minimum be set at 5 and the 
maximum set at 37. 

d. The optimum beacon leading edge criteria (T^) be established 
at Elwood by adjusting the T^ until the desired false target rate due to 
non-synchronous and near synchronous fruit is achieved. Periodic checks 
are required as the fruit environment changes. This procedure should 
also be followed at any site where a digitizer is to be used. 

e. The rise time criterion in the beacon quantizer be removed 
to prevent complete rejection of partially-overlapped pulses whose 
composite rise time is greater than the criterion. 

3. Defruited beacon video not be used in the RVDP. 

4. Future azimuth resolution specification for digitizers be based 
on the measured run length distribution rather than the arbitrary 3 dB 
points on the antenna gain pattern. 
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APPENDIX I 

RADAR VIDEO DATA PROCESSOR (RVDP) - SYSTEM DESIGN 

Purpose of RVDP 

The Radar Video Data Processor (RVDP) accepts search radar 
(primary radar) and radar beacon (secondary radar) video information; 
detects the presence of radar and/or beacon targets; determines target 
position in azimuth and range; validates beacon mode A/3, C, and 2 
replies; correlates radar and beacon information for the same target; 
and furnishes one target message per target per scan. It performs 
these functions in the presence of noise, clutter, *nd most friendly or 
intentional interference. The target message always contains range 
and azimuth data, and in some cases it may also contain target reply- 
code information. Non-target report messages indicating system 
status and operating mode are also supplied. Both target and non- 
target messages are suitable for narrow-band transmission to remote 
centers for further processing. Various fixed automatic, and manual 
mapping functions augment statistical processing of radar video. 

Inputs to RVDP 

iPA A™* RVDP iS comPletely compatible with the full complement of 
FAA primary and secondary radars. It accepts antenna synchro signals, 
master trigger (pre-trigger), and normal and MTI video from Air Route 
Surveillance Radars (ARSR-ÍA, ARSR-2) or Airport Surveillance Radar. 
(A5R-Z, modified; ASR-3, modified: and ASR-4, ASR-5, ASR-6). 

a- JheJ*Vï?P ai8° accePts mode triggers and beacon video from the 
Air Traffic Control Beacon Interrogator (ATCBI-2; ATCBI-3, modified) 
and Beacon Video Test Set. Fixed-map inhibit signal, are obtained 
from standard FAA Video Mapping Units. 

Outputs from RVDP 

rTh! R^P Data Tran8mi88ion Group (DTG) provides message, to 
the Central Computer Complex (CCC) and Digital Filter Group (DFG) 
in the local RVDP configuration, or to the specified modem, for narrow- 
band transmission to the Data Receiving Group (DRG) in the remote RVDP 
configuration. Serial data transfers from the DTG to the transmitting 
modem and from the receiving modem to the DRG are controlled by 
modem-generated clock pulses. 

a 1# *11 
*1 i 
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The parallel, 6-bit-plue-parity data transfer to the CCC from 
eitiwr the local DTG or the DRG is controlled by RVDP-ready/CCC- 
rei.eived logic. Data transfer to the DFG is bit-serial controlled by 
an RVDP clock. 

Description of uipment 

The RVDP (Figure 1-1) processes the radar inputs to produce 
target report messages. The RVDP operating modes are manually 
selected on the equipment control panels. 

By treating the RVDP in terms of the functional capabilities of 
each of the equipment groups (Figure 1-2), an orderly progression of 
the processing functions can be traced, and the relationships between 
the various equipment groups can be established. 

Monitor and Asimuth Generator (MAG): The Azimuth Data Con¬ 
verter (ADC) receives dual-speed antenna synchro cignals from the 
ASR or ARSR radar, quantises them into 4096 azimuth change pulses 
per scan, provides a "nort»." reference pulse once per scan, and drives 
a synchro resolver to produce sine and cosine components from the 
PPI sweep generators. The Monitor is a RAPPI/PPI CRT display 
which permits observation of target processing in the PPI mode and 
of completed targets as they are transmitted in the RAPPI mode. For 
the RAPPI mode, digital-to-analog coordinate converters provide beam 
deflection. 

Basic Group (BG): The Basic Group provides those functions 
fundamental to target detection; namely, timing, quantizing, and 
processor monitoring. The BG comprises the four sub-groups discussed 
below. 

1. Azimuth, Range, and Timing Group (ARTG) - The range 
clock in the ARTG provides basic timing for all RVDP logic, properly 
synchronized with radar zero range. After proper presetting, the search 
asimuth and beacon azimuth counters provide a count of the azimuth change 
pulses. Search azimuth counters feed the PMG to establish test-target 
azimuth and initiate the sector mapping criteria, and feed the CPG for 
search radar azimuth calculation. Beacon azimuth counters feed the 
PMG to establish beacon test-target azimuth, and the CPG for beacon- 
only target azimuth calculation. The ARTG is designed to utilize azimuth- 
change and scan-reference pulses generated by the MAG or supplied from 
an external source such as a pedestal-mounted SG-135 pulse generator. 
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FIG. 1-2 BLOCK DIAGRAM OF THE RADAR VIDEO DATA PROCESSING 
SYSTEM 
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2. Radar Quantiser Group (RQG) - The Radar Quantizer 
Group quantizes normal and MTI radar video. The clip level is 
normally maintained constant with respect to the long-term average 
video noise level but is modified by ambient clutter density. Clutter 
is reduced through a unique set of functions called Automatic Clutter 
Elimination (ACE), which regulates the target detection process. 
These regulatory functions include target detection threshold controls 
based on manual mapping criteria, automatic mapping in areas of 
extremely heavy clutter, and inhibition of the detection processes 
based on range-limit and fixed-map signals. 

3. Beacon Reply Group (BRG) - The Beacon Reply Group 
detects and processes valid beacon reply code trains. Serial pulse 
trains are quantized and applied to decoding delay lines. Proper co¬ 
incidence of a pair of bracket pulses establishes bracket detection and 
initiates data code sampling, beacon range assignment, and tests to 
determine the garble status of the detected reply. Mode A/3 bracket 
coincidence pulses are sent to the CPG for detection of beacon targets. 
Double pulses are generated for display on the PPI monitor. Reply 
codes (modes A/3, C, and 2) are transferred to the CPG for storage 
and code validation. As in the RQG, fixed-map inputs and beacon 
range-limit gates can be used to inhibit reply code processing. 

4. Procestor Monitor Group (PMG) - The Processor Monitor 
Group enables local or remote control of RVDP processing functions and 
generates indications of system status. The processing function control 
includes: 

Manual mapping controls for three independently selected 
range and azimuth sectors 

Search and beacon range limit controls (On/Off) 

Fixed and auto-map outline, and system status message 
generation 

On-Off control of fixed» auto, and manual map functions 

Transmission of fixed map outline messages 

Selection of local/remote controls 

Beacon and search test-target generation 



t —omnion ^roce»sing Group (CPG); The Common Processing Group 
sta.istic&lly detects targets, accepting the following as inputs: quantised 
vidso from the Radar Oumtiser Group (RQG), bracket coincidence from 
the Beacon Reply Group (BRG), test video from the Processor Monitor 
Group (PMG), and clock pulses and asimuth and range counts from the 
Azimuth, Range, and Timing Group (ARTG). Each target so detected is 
processed to generate a target report message combining search and 
beacon data. The target message is transferred to the Data Transmis¬ 
sion Group (DTG) for storage and transmission. Detection and message 
preparation functions are summarized below. 

^‘ Search Target Detection - Search target processing involves 
statistical detection in a 13-bit sliding window detector, center azimuth 
computation, and target range-accuracy determination. The target 
detection criterion (minimum number of hits at a given range over 
thirteen trigger periods required for detection) in the sliding window 
detector is normally determined by a manual switch setting. In clutter 
conditions the target detection criterion is determined automatically by 
the Automatic Clutter Eliminator (ACE). 

Beacon Target Detection - Beacon target processing is 
similar to that for search targets. Beacon target detection is based on 
statistical detection of mode A/3 bracket coincidences detected at a 
given range on successive mode A/3 interrogations. Detection is 
accomplished in an eleven-bit sliding window. Code validation of 
replies to mode A/3, C, and 2 interrogations and center azimuth 
computation are also performed in the CPG. 

3- Target Message Preparation - Upon completion of the 
detection processes, search and beacon reply data are correlated in 
range and combined into a single target report, message for transfer to 
the DTG. The reports are stored in the DTG until called for transmis¬ 
sion, either to the CCC and DFG directly or via a data link and the DRG. 

Data Transmission Group (DTG): The Data Transmission Group 
provides the buffer storage between the CPG and the CCC and DFG. 
This storage is required because the instantaneous message generation 
rates of the RVDP exceed the average message acceptance rate of the 
intermediate telephone channel transfer system. The DTG stores 
completed target reports, map outline messages, and system status 
messages. When a message-transfer request is received, the oldest 
message in storage is retrieved and placed in an output shift register 
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prior to transfer to the requesting equipment. During transmission 
and under control of the requesting equipment (modem, or CCC), parity 
is added to each information field. The DTG also furnishes formatted 
target position reports and map outline messages to the RAPPI monitor 
for display. 

PM* Receiving Group (DRG): Remotely located RVDP's com¬ 
municate with the NAS complex (CCC and DFG) by a DTG/Modems/DRG 
data link. The DRG at the receiving terminus (Figure 1-3) accepts 
recovered clock and data pulses from the data modems and provides 
an output interface to the CCC and DFG. The DRG recognizes valid 
messages received on any of its nine channels, determines the type 
of message so as to route it to the proper equipment (CCC, DFG, or 
local RAPPI Monitor associated with the DRG). checks the parity of 
each field in the message, and transfers the message to the proper 
output device in the required transfer mode. As an auxiliary function, 
the DRG provides a reverse communication link whereby a remote 
RVDP may be controlled via the DRG from the NAS complex. 
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APPENDIX II 

MODIFICATIONS TO THE RVDP 

The modification':» performed by the contractor to make the RVDP 
more closely resemble the CD are described completely in Section X of 
Instruction Manual - Radar Video Data Processors. These modifications 
were: 

1. Operational Evaluation Modification (This allowed the print out 
of selected target messages at the DRG RAPPI. ) 

2. Run Length Discrimination Modifications 

3. 11-Bit Beacon Sliding Window Modifications 

4. Beacon Trigger Interrogation Decoding and Trigger Generation 
Modifications 

5. Mode 2 Processing Modifications 

In addition to these modifications a total of 32 modifications were 
incorporated in the RVDP at Elwood, N, J. , during the test program. 
Iwonty-eight of these modifications were accomplished to facilitate 
data collection and reduction. The majority of these were removed 
at the conclusion of the test program. The remaining four modifications 
were incorporated to improve the performance of the RVDP and will 
remain in it. A brief description of these modifications follows: 

1. Range Discrimination Modification {Ü 7) 

This modification was found necessary to reduce target range 
splitting (the* declaration of two or more targets in consecutive memory 
range cells because of excessive widths of received radar video pulses). 

Range discrimination is implemented by the insertion of a 
seven-bit range clocked shift register between the video slicer output 
and the video hit flip flop. The outputs of the register are combined in 
ani OR"configuration to inhibit the input to the video hit flip flop during 
eight clock periods (3.09 microseconds) subsequent to a radar pulse 
return that satisfies the quantizing minimum-width criterion. Since the 
return must have a width of at least one clock period (. 386 microsecond) 
to satisfy the quantizing minimum-width criterion, the inhibit signal lasts 



for eight clo ;k petiods, and two more clocks are required to initiate 
anothe : hit, the minimum time required between the declaration of range 
for om.- target and declaration of range for the next target is eleven clock 
p jriodi {11/32 nmi or 4. 25 microseconds). The radar-return pulse-width 
criteria for a single processed target are then established at . 386 to . 772 
microsecond (minimum) and 4.25 to 4.636 microseconds (maximum). The 
one clock period ambiguity in each of these figures arises due to the return- 
pulse leading edge phasing with respect to the clock pulses. 

2. Beacon Fine Delay Alignment Modification (#13) 

In order to process beacon code and altitude information, two 
separate memories are used in the Common Processing Group. Memory I 
(detection memory) contains the target-status bits and range/azimuth 
information, while Memory II (code processing memory) contains identifi¬ 
cation code and altitude information. These two portions of a beacon message 
must be inserted at identical addresses (ranges) of their respective memories; 
otherwise, a "Determined False Target" signal is generated to clear the 
information. 

Line-up of the two memories is normally effected by presetting 
the beacon range counter until the beacon information is inserted at the 
same address in both memories. 

This line-up technique was limited to increments of one master- 
clock period, however, and smaller inherent propagation ^»Jiys of the system 
would allow information at a range near a Memory I address interface to be 
inserted in a cell adjacent to that of Memory II, and the information was 
discarded. 

In the modified circuitry a finely-incremented (50 nanosecond) 
delay line is used to de'ay beacon bracket detectior pulses prior to storage 
in Memory I so that the difference in propagation time for the signal applied 
to both memories can be made an exact multiple of one master clock period. 
Precise alignment is then possible by presetting the beacon range counter. 

Modification to Prevent Validation of Beacon Messages 
Prior to Leading Edge Detection (#15) 

The unmodified beacon validation process was completely 
independent of the beacon target-detection process and merely required that 
two successive ungarbled code trains be received. As a result, unrelated, 
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near-synchronous codes could be validated. This information was held 
in memory until a beacon target was detected at the same address, at 
which time the validated unrelated code could be erroneously transferred 
out as the information associated with that particular target. 

This modification was designed to prevent final validation of 
beacon targets until beacon target-detection logic had detected a target 
at the same address at which the code train information appeared. 

The modification is implemented by clearing Memory II of old 
information at the time of beacon leading edge declaration and allowing 
the Deacon Reply Group (BRG) buffer register access to Memory II only 
on subsequent triggers until the target is completed or until the code is 
validated. Since the aircraft is nearer the center of the interrogator beam 
during this period, a much higher probability of correct validated code 
association is achieved. 

4. Lead Edge Range Accuracy Modification (#¿8) 

Target range accuracy reporting in the RVDP is accomplished 
by inserting the information from a two-bit range accuracy register into 
Memory I. This register indicates the relative range of a detected target 
within one memory range cell in one-quarter cell increments: 

00 - 1st quarter cell (1/16 nmi) 

10 - 2nd quarter cell (1/8 nmi) 

01 - 3rd quarter cell (3/16 nmi) 

11 - 4th quarter cell (1/4 nmi) 

Prior to this modification the range accuracy register was 
continually updated upon the receipt of range accuracy "hits" provided by 
four range accuracy flip flops, which were gated with memory clock pulses 
to indicate the proper quarter of the cell during which the hit occurred. 

Since range accuracy logic is completely independent of target- 
detection logic, and statistical detection requires the target to be out of 
the antenna beamwidth long enough to reduce the number of "ones" in the 
sliding window sufficiently to meet the trailing edge criterion there was a 
high probability that from the time a target leaves the beam, until trailing 
edge is declared, quantitized radar receiver noise and/or unrelated beacon 
brackets will "update" the range-accuracy register to an erroneous setting. 
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In the modified range accuracy logic.either beacon leading 
edge or primary radar leading edge signals are gated in an "and" 
configuration with Memory I range accuracy addressing logic as a 
condition to insert accuracy information into Memory I. Updating of 
Memory I accuracy information is then inhibited for the remainder of 
the target run length and is not enabled until the next beacon or search 
leading edge detection. This configuration insures the sampling of range 
accuracy information during the time the target is well into the radar 
antenna beamwidth, thereby greatly reducing the probability of associating 
erroneous range-accuracy data with the processed target. 

I 
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APPENDIX III 

RVDP MAINTAINABILITY AND AVAILABILITY 

Maintainability of the Elwood RVDP 

The RVDP that wab installed at Elwood, New Jersey, was not used 
for availability data collection because, :r. the course of testing, it was 
continually being modified for different test configurations. However, 
at the conclusion of the test and evaluation program, the maintenance 
log was reviewed and the following summary of maintenance problems 
with the RVDP was extracted. The maintenance time expended during 
the project, exclusive of the implementation of modifications, may be 
grouped into three categories: (1) minor failures, (2) wiring and/or 
logic discrepancies, and (3) catastrophic failures. 

Minor Failures: It is felt that the occurrence of minor component 
failures was relatively infrequent considering the complexity of the 
processor and the rigorous experimentation to which it was exposed. 
The majority of these failures were the result of inadvertent short 
ireuits between pins of printed circuit connectors during trouble 

shooting by maintenance personnel. 

Other minor failures were caused by site power failure and 
< rroneous connections of temporary jumper wires used during the 
installation or removal of a modification. 

Wiring and/or Logic Discrepancies: Discrepancies of this categorv 
were the most difficult to detect and diagnose. Symptoms caused by a 
missing or extraneous connection were so subtle as to avoid detection 
for extended periods of time. The following three problems were brought 
to light during the intensive flight data collection and reduction program: 

1. Beacon targets were not being processed during the length 
of two memory range cells. The condition recurred every ei-ht miles 

m range. Search targets processed normally. This beacon pi m essing 
problem persisted for approximately two months prior to the discovery 
of its cause, a missing wire in the Common Processing Group on 
December 22, 1965. Apparently, this wire had inadvertently been 
removed along with some temporary wiring which had been used for 
data-collection purposes. 

2. Wrong range-accuracy bits were being assigned radar 
and beacon targets. The cause was found to be a transposition of the 
least significant and meist significant range accuracy signals entered 
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in Jie Common Processing Group output register. While trouble 
shooting this problem, the need for a design change became apparent. 
The time of target range accuracy determination was changed from 
target trailing edge to target leading edge, thereby enhancing system 
range accuracy. This design change is described more completely 
in Appendix n, "Modifications to the RVDP. " 

3. Beacon targets would not transfer to the CPG output 
register until one more beacon hit than was prescribed by the beacon 
leading edge criterion switch was received. Trouble shooting this 
problem was facilitated by the NAFEC Beacon Test Target Generator. 
The cause of this problem was found to be a wiring error in the Beacon 
Code Validation modification. 

CaUstrophic Failures: Catastrophic failures are defined herein 
as those which rendered the entire site inoperable due to a multiplicity 
of component failures. Three such failures were recorded during the 
period of this report: 

1. High voltage arcing in the area of the bleeder resistors 
used for focus and brightness control of the RAPPI/PPI Monitor caused 
multiple semiconductor failures in the associated video and sweep cir¬ 
cuits. Although protective circuits were installed, trouble recurred on 
four different occasions. Length of time to repair has been decreased 
significantly by the substitution of repairable sweep amplifier circuits 
for the original non-repairable (potted) type. No permanent cure has 
been found for the basic problem, however. 

2. Wholesale destruction of transistors contained on the 
"Memory Core Read Driver" and "Memory Core Write Driver" logic 
cards occurred when power was applied to the Common Processing 
Group while the "Core Memory Switch" logic cards were removed. 
While troubleshooting an undervoltage fault indication in the cabinet 
power supplies, groups of logic cards were removed in an effort to 
reduce the power supply load. Instructions to maintenance personnel 
relating the hazards of operating read or write drivers without the 
associated "Memory Switch" has prevented recurrence of this trouble. 

3. A short circuit between the + 15 volt and +30 volt power 
buses in the Data Transmission Group caused the Power Supply Fault 
Control to shut down the entire cabinet. Since each cabinet power 
supply is connected to several hundred card locations, trouble shooting 
was lengthy and tedious. The cause of this trouble was subsequently 
determined to be a +30 volt power bus ribbon shorting to the adjacent 
pin (+15V) of a logic-card socket. 
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.i Availability Data for Suitland RVDP 
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TABLE I 

Outage 
No. 

1 

2 

3 

4 

5 

6 

7 

3 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

¿4 

25 

26 

¿7 

28 

2^ 

Date Time Unit 

Core Memory Switch 6/25/65 1315 

7/19/65 1315 

8/2/65 1230 

8/3/65 0845 

8/18/65 0915 

9/21/65 0930 

10/4/65 1357 

10/8/65 1508 

10/12/65 1300 

10/27/65 1005 

11/1/65 0830 

11/14/65 0330 

11/23/65 1415 

12/3/65 1005 

12/7/65 0935 

12/8/65 1025 

12/28/65 0905 

1/4/66 1000 

1/11/66 1435 

1/20/66 0830 

1/26/66 0830 

2/2/66 1050 

2/4/66 1400 

2/21/66 0850 

4/1/66 1430 

4/4/66 1100 

4/25/66 0835 

5/3/66 0820 

5/20/66 1320 

RAPPI/PPI 

Monitor Alarm 

Monitor Alarm 

DTG/CPG 

DIG 

RAPPI/PPI 

RAPPI/PPI 

RAPPI/PPI 

CPG 

RAPPI/PPI 

Memory 1A 

Servo Alarm 

MODEM 

MODEM 

DTG 

MODEM 

Basic Group 

Basic Group 

RAPPI/PPI 

RAPPI/PPI 

CPG 

Basic Group 

RAPPI/PPI 

CPG 

CPG 

BRG/RQG 

ADC Unit 

BG 

RVDP Outage 
Time (hrs) 

3. 40 

10. 33 

3.75 

5. 75 

2.25 

0.08 

5.67 

2. 72 

2. 18 

1.42 

3.08 

2. 50 

0.08 

1.42 

0. 17 

4.60 

0.70 

0. 70 

5. 00 

11.00 

4. 20 

4. 20 

2. 70 

2. 50 

1.50 

1. 50 

6. 50 

4 70 

1.46 
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TABLE II 
§ 

,* n 

I 

I 

I 
t - I 

I 
I 
J 

] 
*î J 

] 
] 
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SUMMARY OF AVAILABILITY DATA FOR RVDP AT SUITLAND, MD. 

ConcliHon 1: (RVDP, including RAPPI/PPI unit) 

1. Total number of failures = 29 

2. Total outage time from failures = 96. 06 hours 

3. Total operating time = 8582. 54 hours 

4. Mean time between failures = 295. 95 hours 

5. Mean time to repair = 3. 31 hours 

6. Availability 295.95 
295. 95 + 3. 31 

X 100 *98. 9% 

Condition 2: (RVDP, excluding RAPPI/PPI unit) 

1. Total number of failures = 21 

2. Total outage time from failures = 54. 38 hours 

3. Total operating time * 8624. 22 hours 

4. Mean time between failures * 410. 68 hours 

5. Mean time to repair * 2. 59 hours 

6. Availability 410.68 
410.68 + 2.59 

X 100 * 99.4% 
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APPENDIX IV 

TEST ENVIRONMENT 

Inputs to the RVDP 

ARSR-2 Primary Radar 

General Information 

Location 
Latitude 390 35, 19 0„ 
Longitude 740 41, 56 0„ 

Ground elevation above mean 
sea íevel 119 feet 

Transmitter 

Frequency band 
Frequency range 
Power output 

Peak power 
Average power 

Pulse width 
Pulse repetition frequency 

Average 
Staggered 

Duty cycle 

Receiver 

Sensitivity in decibels below 
1 mill:- itt 

Noise figure 
IF bandwidth 
Video bandwidth 
Automatic frequency control 
Automatic gain 
Sensitivity time constant 
Fast time constant 
First MTI blind speed 

L-band 
1280 to 1350 megacycles 

5. 0 megawatts 
10.0 kilowatts 
2. 0 microseconds 

360 pulses per second 
315, 360, and 420 pulses 

second 
.00068 

106 to 110 (MTI video) 
107 to 111 (normal video) 
111 to 115 (integrated 

normal video) 
10 decibels 
30 0 megacycles 
3. 0 megacycles 
Yes 
Yes 
Yes 
Yes 
560 knots 



Daca Outputs 

Video 

Synchro 

Coverage and Accuracy 

Maximum range 
Maximum target altitude 
Azimuthal coverage 
Accuracy and resolution 

Range accuracy 
Range resolution 
Azimuthal resolution 

Antenna 

Scan rate 
Gain 
Polarization 
Reflector type 
Beamwidth at half-power 

points 
Horizontal plane 
Vertical plane 

Data Transfer System 

ATCBI-3 - Beacon Interrogator 

Transmitter 

Power output (adjustable) 
Normal operating frequency 
Interrogation RF pulse pair 

spacing 

Moving target indication (MTI) 
Normal 
Integrated normal 
1 speed and 36 speed 

200 nautical miles (radar) 
80, 000 feet 
360 degrees 

3. 0 percent of range 
1 percent of range in use 
2. 0 degrees 

6 r/min (cw) 
34.3 decibels 
Linear and circular 
Cosecant-squared 

1.2 degrees + 0. 1 degree 
3. 75 degrees + 0. 1 degree 

Microwave transmission link 
to Building 149 

+ 18 dbw to +35 dbw 
1030 + 0.2 megacycles 

Mode 1: 3. 0 + 0. 1 microseconds 
Mode 2: 5. 0 + 0. 1 microseconds 
Mode A/3: 8. 0 + 0. 1 microseconds 
Mode B: 17.0 + 0. 1 microseconds 
Mode C: 21.0 + 0.1 microseconds 
Mode D: 25. 0 + 0. 1 microseconds 
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Selectable mode interlace 
configurations (any mode 
can represent X, Y or Z) 

Interrogation rate 
RF pulse width 
RF pulse rise time 
RF pulse decay time 
Maximum duty cycle 
Transmitter modulation delay 
Second interrogation pulse 
(P3) Delay with respect to 

beacon synchronization pulse 
RF side lobe suppression 
Pulse (switch selectable feature) 
SLS trigger timing 

Receiver 

Continuous interrogation on X 
Continuous interrogation on Y 
Continuous interrogation on Z 
X Y X Y etc. 
X Y Z X Y Z etc. 
X X Y X X Y etc. 
XXYXXZXX Y X X Z etc. 
360 per second 
0. 8 ^ 0. 1 microsecond 
0.05 to 0. 1 microsecond 
0.2 microsecond maximum 
0. 3% 
0. 8 microsecond maximum 
33.0 to 110 microseconds 

continuously variable 
Pulse characteristics equal 

to those of interrogation pulses 
Succeeds first interrogation pulse 

by 1.6 to 2. 4 microseconds 

Receiver type 
Normal operating frequency 
IF amplifier mid-frequency 
Overall bandwidth at -3 dB 

points 
Overall bandwidth at -40 dB 

points 
Image response 

Overall receiver noise figure 
Tangential sensitivity 

IF gain control methods 

Receiver delay 

Superhetrodyne 
1090 megacycles center frequency 
59. 5 +0.5 megacycles 

8 megacycles minimum 

18 megacyles maximum 
90 dB below center frequency 

response 
10 dB (maximum) 
-87 dBm minimum (at equipment 

antenna terminal) 
Manual and Sensitivity 7'ime 

Control circuit (present STC 
curve is a -40 dB curve) 

0. 5 microsecond maximum 



Antenna 

Type 

Scan rate 
Azimuthal coverage 
Gain 
Horizontal beimwidth at 

half-power points 

Data Transfer System 

L-band broadside co-linear 
array 

6 r/min. 
360 degrees 
21. 5 dB 

2.35 degrees 

Microwave transmission link 
to Building 149 
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Special Instrumentation 

In the RVDP test program several unique test instruments were 
used (some developed especially for the project). A brief description 
of each of these is included in this section. 

Digital Target Gmerator Test Set: The Digital Target Generator 
Test Set (DTGTS) will accept range and azimuth reference pulses from 
radar or radar-beacon equipments or other external equipments and 
generate up to three independently variable, digitally-controlled groups 

triggers which simulate radar returns from three radar targets. 
The output triggers simulating each target are selectively gated by 
using an interlace feature incorporated in the DTGTS or randomly 
gated by using an external noise source. Provisions are also made 
for sequentially increasing the range of the output triggers for one of 
the targets in discrete steps, thus simulating radar beacon replies that 
are near-synchronous. The DTGTS also has the capability of generating 
non-synchronous triggers from an external noise source. The simu¬ 
lated targets are identified as the "X" target, the "Y" target or the 
"Z" target. A functional block diagram is shown in Figure 4-1 and a 
photograph is shown in Figure 4-2. 

An azimuth reference pulse, which occurs once each scan of 
the antenna, is required to establish azimuth timing with the DTGTS. 
The range reference pulse, which occurs once each range period, is 
required to establish range timing and to provide azimuth increments 
within the DTGTS. 

Master Clock - The master clock provides the timing incre¬ 
ments for the range counters. The DTGTS can operate with an external 
clock or it can generate its own range increments provided by a 1/512 
nmi increment crystal-controlled oscillator. 

Target Azimuth Switches - The azimuth start position of each 
target is controlled by its associated target azimuth switches. The 
increments of azimuth used are the interrogation periods of the radar 
or beacon system of interest. The numerical setting of the thumbwheel 
switches represents the number of interrogation periods that occur after 
the azimuth reference pulse before the first "hit" of the targ;t appears. 

Target Range Switches - The range position of each target is 
controlled by its associated target range switches. The numerical 
setting of the thumbwheel switches read directly in nautical miles 
with 1/16 nautical mile as the smallest increment of variation. 
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FIG. 4-2 DIGITAL TARGET GENERATOR TEST SET
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Target Run Length Switchea - The run length or number of 
hits for each target is controlled by its associated target run length 
switches. The numerical setting of the thumbwheel switches repre¬ 
sents the number of consecutive interrogation periods during which 
a target output pulse will be produced. These hits will occur at the 
selected range and the first hit will occur at the selected azimuth. 

A two-position function switch is associated with the 
controls for each target. The TARGET position of the switch allows 
the normal target output to occur with the selected run length. The 
RING position produces a target output pulse every interrogation 
period at the selected range for the entire 360° of antenna rotation. 

Target Output - The target output signal is a series of pulses 
which simulate a rauar target or can be used to trigger a beacon code 
generator which would simulate a beacon target. One pulse appears 
each interrogation period at the range selected on the target range 
switches. The first pulse appears at the azimuth selected on the target 
azimuth switches and pulses continue to appear consecutively until the 
selected run length has been reached. 

The Target Enable inputs associated with each target out¬ 
put provides for the random gating of the target output to simulate the 
random "holes" that occur in actual beacon replies, gating the target 
output to follow an externally generated beacon mode interlace pattern, 
or any other desired gating function. 

Interlace Ratio Switches - A separate set of thumbwheel switches 
controls the interlace ratio with which each target can be generated. The 
sequence of the switches ie XYXZ, with X, Y, and Z each representing 
one of the trigger or target generator outputs. Any ratio in any combi¬ 
nation up to 9999 can be produced with this configuration. For example, 
when a ratio of 2:1:2:1 is selected, two X-triggers, then one Y-trigger, 
then two more X-triggers, then one Z-trigger are produced and the 
pattern is repeated for as many times as required to complete the selected 
run length. 

Random Pulse Generator - As a separate function, the DTGTS 
can also produce a variable number of triggers which occur at random 
and are not in synchronism with the system timing. This is accom¬ 
plished by connecting a noi«e generator to the noise input which is con¬ 
nected to a Schmitt trigger circuit. The noise-level control varies the 
noise level into the Schmitt trigger circuit input to produce the desired 
average number of random triggers at the random trigger output. The 
random output triggers can be applied to a beacon code generator to 
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produce code train., thus creating a controlled environment of non. 

Iu!'nCutrmOU>rP °r írUi,■ Th*y C1" al,° be 8a,'d wilh th‘ trigger output to produce a target reliability less than one. 88 

Ggte Generator - The gate generator is a flip flop whose set 
nd reset input and whose set output is brought out to^ronfpanel jacks. 

KU, , Va!iable Synchronism ■ The Y target ha. the additonal capa¬ 
bility of producing triggers whose ranges increase from one interro¬ 
gation period to the next by a selected increment. The starUng range 

swhcheT The the rUn lenglh are COntroUed bV ,h' thumbwheel switches. The range increment can be varied with a thumbwheel 
switch (Y RANGE ADVANCE) in 1/16 nautical mile steps from 1/16 

ôf s t ^ t0 15/16 nautical mil'- This condition produce, the effect 
of a target in near synchronism with the interrogation rate and the degree 
of synchronism can thus be predetermined. 8 

Video Mixer - This circuit is a three-input diode mixer or 

th°re. f f°r ne8a,'Ve ,riesers (OV to -6V). This allows mixing all 

or signal88" t0 pr°duCe' a ain8le outPut ,0 'rigger a beacon code ur 81gnai generator. 

inverte^ AuxiHary Jack Panel contain, 
inverters, with which a signal caa be changed to opposite logic levels 
and evel standardizers. which are used to convert any otheí logic 
levels to the logic levels used in the DTGTS (OV and -6V). 

w - . Variable Pulse Generator - A variable pulse generator EH 
Model 139, is part of the DTGTS. This unit ha. The capability of' pro- 

Umi deca'v Hm‘e Var‘able amplitude, riïe time, decay time, width, delay and baseline offset. 

. . Ëlacon Rgply Counter: The Beacon Reply Counter (BRC) is a device 
which cen count beacon replies each interrogation period and provide I 

repHes^^hfíeoH di>,r‘b“,ion of th' occurrence of the beacon 
replies. The replies counted can be synchronous or non-.ynchronous 
(fruit, or a combination of both. Decoded replies or raw video pulses 

counts oeMnt ^ OUtPUt reCOrdin« i8 an *"*'<>* representation of counts per interrogation. 

Referring to the Block Diagram of Figure 4-3 a radar nre- 
rigger or a beacon sync trigger or any other range-reference tHgger 

is applied to the Beacon Decoder. lri8ger 
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FIG. 4-3 BEACON REPLY COUNTER BLOCK DIAGRAM 
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Beacon video is also applied to the Beacon Decoder. With the 
use of the Decoder Control Box, any one of several decode functions 
can be performed. The decoder can be set to produce a single pulse 
output for each bracket decode; or it can be set to produce a single 
pulse when any particular beacon code has been decoded; or it can be 
set to simply pass on the raw video as it was received. 

When a pre-trigger occurs at the beginning of an interroga¬ 
tion period, a strobe gate is generated which disables the input to the 
counter. At the end of the strobe gate, a pulse is generated which 
resets the entire counter. After the reset, the input to the counter is 
enabled and each pulse from the video output of the Beacon Decoder is 
counted. It continues to count until the next pre-trigger occurs at which 
time the strobe gate is again generated to disable the counter input. 
An even more important function of the strobe gate is to strobe the 
contents of the counter, in parallel, into a storage register. This 
storage register will hold the count until it is changed at the end of 
the next interrogation period. As previously described, the counter 
itself is reset at the end of the strobe gate. 

The first two decades of the storage register, representing 
counts from 0 to 99, are connected directly to a Digital-to-Analog (D/A) 
Converter. The third decade of the storage register, representing 
counts from 0 to 900 in steps of 100, is connected to a separate D/A 
Converter. Each of the analog voltages is amplified separately and 
applied to a strip recorder which produces a calibrated record of the 
count. The hundreds digit is recorded separately from the units and 
tens so that the unit counts are discernible on the output recording. 

An Azimuth Reference Marker is necessary and can be pro¬ 
vided externally or it can be derived from a photo cell placed on the 
face of the cathode ray tube of a Plan Position Indicator as shown in the 
block diagram. Each time the sweep scans past the photo cell, the 
Azimuth Reference Marker is generated. This is recorded directly at 
the output or used to control the counter input. An auxiliary function 
of the Azimuth Reference Marker is to activate a relay once each 
antenna scan. This relay can be used to trigger a scope camera or 
any other external device requiring azimuth reference information. 

The configuration described provides a recording of the 
beacon replies received each interrogation period. For each revolu¬ 
tion of the antenna, the recording shows the azimuthal distribution (of 
the beacon replies) that exists. 



t 

An accumulation function can be actuated by push-but.on. This 
function provides an accumulation of the beacon reply counts each 
interrogation period for each antenna revolution. Distribution infor¬ 
mation can also be extracted from this kind of recording. The accu¬ 
mulation is performed by inhibiting the reset function and gating the 
input to the counter with the Azimuth Reference Marker. The counter 
is held reset until the Azimuth Reference Pulse occurs, at which time 
the reset is removed and the counter input is enabled. The counter 
functions until the Azimuth Reference Marker again occurs and the 
counter is reset and disabled. The recording produced is an accumu¬ 
lation of beacon replies for exactly one antenna revolution. 

The counter/recorder configuration is easily calibrated. A 
CALIBRATE push-button control connects the pre-trigger input to 
the counter. The reset function is inhibited but the strobe gate is 
still generated. The net result is that the counter will count through 
its entire capacity (0 to 999), being strobed after each count and con¬ 
tinue to repeat the cycle. The output recording shows two staircase 
functions, one composed of unit counts from 0 to 99 and the other 
composed of hundred counts from 0 to 900. These can be calibrated 
on the output recording by adjusting the gain of the amplifiers. 

Digital Data Recorder: The Digital Data Recorder accepts RVDP 
output data in digital form from the Data Transmission Group (DTG) 
and provides a magnetic tape recording which can be used to produce 
a hard copy print-out. The system also has a direct print-out capability 
limited to one test target per scan without the necessity of intermediate 
magnetic-tape recording. The system block diagram is shown in 
Figure 4-4. 

The Record Group has the direct interface with the DTG. 
When activated, clock pulses are supplied to the DTG for shifting data 
into the Record Group. These data are then recorded on magnetic tape. 

The Playback Group accepts the stored data from the ’nagnetic 
tape readout and separates each portion of the message into registers 
in preparation for decoding and programming. To do this, decode 
functions for message types are performed. The message types are 
beacon, search, system status, map outline, or special character. 
It is at this point where specific message types can be selected for 
print-out. 

In the Beacon and Search Programmer, each portion of the 
message is decoded and the signals to initiate print-out of the decoded 
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information are generated. The decode function also includes parity 
checks of the message as it is received and processed. 

The Bit Decode and Character Decode are actually part of 
the Beacon and Search Programmer. The Beacon and Search Pro¬ 
grammer provides all the control functions such as character selection 
and timing for message decode while the Bit Decode and Character 
Decode perform the actual decode functions for the information con¬ 
tained in the message. Specific beacon codes can be selected for 
print-out. 

The Character Selector provides the interface between the 
decoded information and the typewriter. The proper keys are acti¬ 
vated in response to received decoded signals. 

Range Tracker Equipment: The range tracker was an interrogator- 
transponder system that was used to measure the slant-range separation 
between two aircraft during the range and azimuth-resolution tests. 
The system consisted of an ARN-21B interrogator, an APR-9 receiver, 
and the ranging and tracking portions of a prototype radar system that 
were installed in one aircraft; and a modified APX-6 transponder that 
was installed in another aircraft. A photograph of the interrogator/ 
receiving/tracking portion of the system is shown in Figure 4-5. 

The ARN-21B interrogator transmitted a pair of pulses that 
were received by the APX-6 transponder, which had been modified to 
shape the video pulses and alter the time interval between the pulses 
as required by the decoder. This modification enabled the APX-6 to 
respond to the leading edge of the second ARM-21 pulse. Upon 
receiving the reply pulse from the APX-6, the APR-9 receiver pro¬ 
vided a video puls? to the range-tracking circuits of the AN/BPN-1 
tracker. The time interval between the second ARN-21B pulse and 
the video pulse at the APR-9 was used to measure the range between 
the two aircraft. A flip-flop circuit was used in conjunction with a 
blocking oscillator to permit the second pulse of the ARN-21 pulse 
pair to provide the synchronizing pulse to the tracking equipment. 
The range-track and range-delay units, originally part of a ground- 
based missile guidance system, provided a two-scale time-measuring 
system. Coarse range measurements were made by use of range 
marks having a spacing of 10 nautical miles; and a phantastron-type 
delay circuit was used to obtain fine range measurements between 
the range marks. Error signals from a time discriminator were 
used to control a servomotor that provided automatic range tracking. 
Range was read as a function of the servomotor shaft which was coupled 
to numerical counters at the photopanel. 
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Calibration of the equipment was accomplished using the 
Phototheodolite system at NAFEC. The rms error in slant range 
of the calibration runs made on January 28, 1963, ranges from 
approximately +15 feet for the run made at the nominal 1/2 nautical 
mile rañge to approximately +^70 feet for the run made at the nominal 
4 nautical mile range. 

Support Facilities 

Extended Area Instrumentation Radar (EAIR): The EAIR facility 
at NAFEC was used to obtain target position data which constituted 
the reference when determining the range and azimuth accuracy as 
reported by the RVDP. 

The EAIR facility is comprised of a Precision Instrumentation 
Radar, Polar to Cartesian Coordinate Converter, X-Y, X-H Plotting 
Board, Digital Data Computer, and a Magnetic Tape Recorder. The 
Precision Instrumentation Radar is capable of automatic tracking of 
a specific target and provides the slant range, azimuth angle, and 
elevation angle of the target. The specified slant-range accuracy is 
20 yards and the specified azimuth angle accuracy is within 0.2 mil 
(0.011 degrees). Time-of-day data were recorded simultaneously 
with target-position data on magnetic tape in a format that was com¬ 
patible for processing by an IBM 7090 computer. 

Computation Facility: The RVDP messages obtained at the output 
of the DRG were recorded on magnetic tape by a general purpose 
digital computer (Computer Controls Corporation, Type DDP-24). 
This computer was part of a simulated radar digitizer system which 
provided an output compatible for processing by an IBM 7090 computer. 
The NAFEC time-of-day reference was also recorded to perm.t time 
correlation, later, when comparing target-position data, as reported 
by the RVDP, to target-position data that were obtained by the EAIR 
facility. 

Track Analysis and Display Program (TAD) - The TAD program 
was used to extract specific RVDP messages from the magnetic tape 
recording performed by the general purpose digital computer. The 
TAD program is a modified version of a computational system (STARE) 
that was developed by MITRE for use in the evaluation of the FST-2 
radar digital detector. 

The TAD program (written for the IBM 7090 computer) 
is capable of displaying the recorded output of the RVDP plus certain 
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FIG. 4-7 BLOCK DIAGRAM OF THE DIGITAL CHANNEL, THE VIDEO 
CHANNEL, AND THE DATA COLLECTION POINTS FOR FLIGHT 
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The flight test laboratory also contained the remote-control 
positions for equipment associated with the digital and video channels. 
Communications to the radar site, NAFEC test-control laboratory, 
and the computer data-collection facility were available from this 
flight test laboratory. 

Test Flight Procedures 

1. Date of Flight: 
Purpose: 
Aircraft: 
Route : 

Procedure: 

Altitude : 

Mode A/3 Reply Code: 

January 24, 1966 
Range Resolution 
N376 and N377 
Shuttle on the AC Y 154 radial, between the 

AC Y 40 -mile and 70-mile DME fixes. 
N376 follows N377 throughout the flight at 

distances specified during pilot briefing 
(0. 15 to 1.25 nmi) 

N377; 15,000 feet. N376; approximately 500 
feet below N377 for each mile of separation 
between aircraft. 

N376; 0622. N377; 0644. 

2. Date of Flight: January 25, 1966 
Purpose: Probability of Detection; Radar Beacon 
Aircraft: N377 
Route: Shuttle on the SIE 142 radial between ARSR-2 

ranges of 200 and approximately 140 miles 
Altitude: 26,000 feet 
Mode A/3 Reply Code: 2144 and 1144 

3. Date of Flight: 
Purpose: 
Aircraft: 
Route: 

Procedure: 

Altitude: 

Mode A/3 Reply Code: 

February 3, 1966 
Azimuth Resolution; Primary Radar 
N376 and N377 
Shuttle on the AC Y 35-mile DME arc between 

the AC Y 120 and 180 radiais 
N376 follows N377 throughout the flight at 

distances specified during pilot briefing. 
(0. 9 to 2. 8 nmi) 

N377; 15,000 feet. N376; approximately 500 
feet below N377 for each mile of separation 
between aircraft. 

N376; 0622. N377; 0644. 
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. Date of Flight: 
Purpose: 
Aircraft: 
Route: 

Procedure: 

Altitude : 

Mode A/3 Reply Code: 

Date of Flight: 
Purpose: 
Aircraft: 
Route: 

Altitude : 
Mode A/3 Reply Code: 

Date of Flight: 
Purpose: 

Aircraft: 
Route : 

Altitude: 

Mode A/3 Reply Code: 

Date of Flight: 
Purpose: 
Aircraft: 
Route: 

Altitude: 
Mode A/3 Reply Code: 

February 7, 1966 
Azimuth Resolution; Radar Beacon 
N376 and N377 
Shuttle on the AC Y 35-mile DME arc 

between the AC Y 120 and 180 radiais. 
N376 follows N377 throughout the flight at 

distances specified during pilot briefing 
(0. 9 to 10.6 miles). 

N377; 15,000 feet. N376; approximately 500 
feet below N377 for each mile of separation 
between aircraft. 

N376; 0622. N377; 0644. 

February 8, 1966 
Probability of Detection; Primary Radar 
N377 

Shuttle on the SIE 142 radial between ARSR-2 
ranges of 200 and approximately 140 miles 

26, 000 feet 
0644 

February 9, 1966 
Probability of Detection; Primary Radar and 

Radar Beacon 
N376 

Shuttle on the ACY 140 radial between ARSR-2 
ranges ot 200 miles and approximately 140 
miles. 

Run #1: Outbound 28, 000 ft.; Inbound 27, 000 ft. 
Run #2: Outbound 26, 000 ft.; Inbound 25, 000 ft. 
Run #3: Outbound 26, 000 ft.; Inbound 27, 000 ft. 
Run #4: Outbound 27, 000 ft.; Inbound 26, 000 ft. 
0622 

February 11, 1966 
Accuracy; Primary Radar and Radar Beacon 
N247 

Radiais and arcs southeast of ACY between 
the ACY 154 and 110 radiais, at various 
ranges to a maximum of 80 miles from ACY. 

15, 000 feet 
0433 



I 

8. Date of Flight: 
Purpoee: 
Aircraft: 
Route: 

Altitude : 
Mode A/3 Reply Code: 

February 28, 1966 
Code Validation, Radar Beacon 
N376 
Shuttle on the ACY 140 radial between 

ARSR-2 ranges of 200 and approximately 
140 miles 

26, 000 feet 
0622 

NOTES: 

1. 

2. 

3. 

Aircraft: N376 - Grumman Gulfstream (G159) 
N377 - Grumman Gulfstream (G159) 
N247 - Convair (ET-29C) 

Navigation Aids: ACY - Atlantic City, N. J. (VORTAG) 
SIE - Sea Isle City, N. J. (VORTAG) 

\ 

All directions and radiais are referenced to magnetic north; all 
distances are in nautical miles. All altitudes in oceanic area 
were in reference to standard altimeter setting of 29. 92" Hg. 
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APPENDIX V 

BEACON SYSTEM DESCRIPTION 

The Air Traffic Control Radar Beacon System consists of airborne 
transponders and an interrogator, which may or may not be associated 
with, or slaved to, a primary surveillance radar. In operation, an 
interrogation pulse-group transmitted from the interrogator-transmitter 
unit, via a directional interrogator-antenna assembly, triggers each 
airborne transponder locateo in the direction of the main beam, causing 
a multiple-pulse reply group to be transmitted from each transponder. 
These replies are received by the ground interrogator-receiver. 
Measurement of the round-trip transit time determines the range to 
the replying aircraft while the mean direction of the main beam of the 
interrogator-antenna, during the reply, determines the azimuth. The 
nature of the multiple-pulse reply provides individualized information 
pertaining to the responding aircraft. 

The Interrogation Function 

The interrogation consists of two transmitted pulses designated PI 
and P3. An additional pulse, P2, is transmitted via an omni-directional 
antenna immediately following the first interrogation pulse PI. The P2 
pulse is used for amplitude comparison with the PI pulse by the trans¬ 
ponder to prevent side-lobe interrogation. The interrogation pulse 
pair interval and the relative position of the P2 pulse are shown in 
Figure 5-1. Also shown are the relative signal levels and coverage 
for side-lobe suppression. 

The Reply Function 

The beacon reply function employs a signal composed of two framing 
or bracket pulses spaced 20. 3 microseconds measured leading edge to 
leading edge at the . 5A points described in Figure 5-2. Between the 
two bracket pulses are 13 data-pulse positions, spaced in multiples 
of l. 45 microseconds. In a given reply, a pulse can occur in any 
position. An additional pulse position exists in which the Special 
Position Identification (SPI) pulse can occur. The SPI pulse follows 
the leading edge of the F2 bracket pulse by 4. 35 microseconds, with 
a tolerance of + 0. 1 microsecond in respect to the leading edge of any 
other pulse in the train. 

An idealized pulse-train reply is shown in Figure 5-2. Pulse 
spacing, pulse shape, and pulse designations are illustrated. 
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COMMON (MILITARY/CIVIL) 
}/A AIR TRAFFIC CONTROL 

IDENTIFICATION _nn__n 
B 

CIVIL AIK TRAFFIC 
CONTROL (EUROPE) 
IDENTIFICATION 

C AIR TRAFFIC CONTROL 
ALTITUDE 

D LN ASSIGNED 

(MICROSECONDS) 
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Transponders respond to the various interrogation pulse 
pairs, or modes, but not all transponders are equipped to respond 
to all modes. The modes of interest in the RVDP are: mode 2, 

and m0de C' Mode 2 is the military Mark X (SIF) mode. 
ode À/3 is a type of identification mode to which either civil (mode A) 

or military (mode 3) transponders can reply. Mode C is the altitude 
interrogation mode. The form of the data received from either a 

m°|drnlK,r-ra mC!de A transP°nder is th* same except for the emergency 
and IDENT replies. An SPI pulse may be included in the reply received 
during mode A/3 interrogations. In mode A replies, the SPI pulse is 
present when the IDENT switch on the aircraft transponder is depressed. 
In mode C replies, the SPI pulse position is used as a code-puPe 
position. K 

An IDENT reply from some military transponders is repre- 
sented by two identity code-pulse trains containing the same code. The 

irS .. rac et PuIse of the second pulse train appears in the SPI pulse 
position of the first pulse train; i. e. , the first bracket pulse of the 
seconti pulse tram occurs 4. 35 microseconds after the second bracket 

edge6 OÍ he firSt PUlSe traÍn’ measured from fading edge to leading 

Mode A/3 Replies: In mode A/3 replies, A, B, C and D denote 
octal numbers, with A as the most-significant digit and D the least- 
significant digit. The number A (in octal code) is equal to the sum of 

FoVlZZ’ "A"pul,es whlch are for any 8iv" 

1. Code 3600 would consist of information pulses Al, A2, B2 
B4. No "C" or "D" pulses would be present. 

2. Code 2157 would consist of pulses A2, Bl, Cl, C4, Dl, 
D2, D4. 

Two of the mode A/3 code designations are reserved for special 
purposes: 7700 is designated "Emergency" reply and 7600 is designated 

trantn C,°mmunication Failure- " The emergency reply from military 
transponders is represented by four pulse trains of ths same code. The 
irst pulse train of the group may sometimes be code 7700. The first 

thTcDT PU,l8e OÍ the 8eCOnd' third’ and f°Ur,h Pulae appears in 
the SPI pulse position of the first, second, and third pulse trains, 
respectively; i.e. . the first bracket pulse train occurs 4. 35 micro- 
seconds alter the second bracket pulse of the preceding pulse train, 
measured from leading edge to leading edge. 
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Mode 2 replies: The military mode 2 replies have the same form 
fpiiise position and designation as mode A/3. However, the grouping 

Zr? p Ü8 18 n0t the 8ame- The Prese"« of the "X- pulse ^n 
mode 2 replies designates a special military function. 

Mode C replies: Mode C is the altitude interrogation mode. Only 

mod! T”,!", /8 haVÍng the Capâb,lity can ’•'P'V ‘o «Ms Interrogation 
are „Tr an 'rde repor,in8- In moda c the height reply data 
are in ICAO automatic pressure-height transmission code. The code 
consists of two sections, coarse and fine. The coarse section indicates 

:17-- r ' 500 ieet’ in 500-foot mc cements and is a reflected 
• The fine section increases resolution up to 100 feet. Aircraft 

TriZn:::^reply in ,h' 500-ioot incremen'—- *00.^, 
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APPENDIX VI 

BEACON FRUIT ENVIRONMENT 

it was^nece^sa^y^to^produce thTs^nput^T1^60 ÍnpUt 9Ígnal8* 

rre8embied ,he --rron- The environment, within which valid beacon replie» are Dre..„, 
consists of non-synchronous (fruit) replies of various densities ’ The 

coverage Tre^of a' T'’"r,n8 the °f frui' th« «ists in',he 

-- o, 

may have some''limited use“ Ílrimade^^mÍuüy^eH^^10" 

Ire"!38 TheaShCOUn,SiPer imP“e5' b"‘ is -ncentrld 'n .pecific 

and alo„^^;“;I^“r UCy. mi arTd airp.°rts 
fruit concentration in specific arias, /he 

sEIfr™'-- 
within the coverage^f^he 6^ hÍghe8t den8Íty that °CCUr8 

described in delail ln Appepdt iT P" ‘n,"r0*a*io"- The BRC is 

a. in. J., ATCBI-3 site for a twenty-day period. 

o 

,4 
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These recordings include periods of peak traffic. Figure 6-2 shows 
one of the azimuthal distributions of defruited and undefruited video 
obtained during the twenty-day period. The BRC was taken to Palermo 
Air Force Station, located approximately 16 miles southwest of NAFEC, 
where recordings were made to verify the counts and distributions that 
were obtained at Elwood. Figure 6-3 shows one of the distributions 
obtained at Palermo. 

Figure 6-4 shows the average of the distributions of undefruited 
video at Elwood for the twenty-day period. 

It is quite evident from Figures 6-2, 6-3 and 6-4 that the highest 
concentrations of targets and fruit occur in the vicinity of airports and 
along airways. 

The highest count of bracket-decoded undefruited video for a four- 
degree sector (effective beam width) that was recorded during the entire 
test period was 956. This represents the highest density of beacon 
replies that the processor would have had to handle. This density, 
integrated over the entire scan, would represent 86,040 replies per 
scan. Therefore, when the simulated environment was produced for 
beacon testing of RVDP, an average fruit density of approximately 
100,000 r. plies per scan was generated so that the simulated environ¬ 
ment would resemble the highest density encountered at the site. 

It was also determined from the fruit count data that during the test 
flights a beacon target leading edge criteria Tl setting of A was to be 
used. This would provide a high probability of detection and probability 
of code validation, while maintaining a low probability of false-target 
detection. 

Near-Synchronous Replies 

At various times during the test period an input signal consisting 
of fruit only (no interrogations) was applied to the RVDP. The output 
was monitored for the appearance of false targets that were declared. 
Whenever a false target occurred, recordings of the azimuthal distri¬ 
bution of fruit were made. The recordings were then analyzed to 
determine the fruit density within a four-degree sector centered about 
the azimuth at which the false target was declared. 

It was determined that the fruit densities that were recorded at the 
azimuth of the false targets were not high enough to produce false targets 
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the theory that they were produced as a result of n / u 8Upports 

rather than a high density of randomly-distributed fruitr°ni8m 
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APPENDIX VII 

DERIVATION OF AZIMUTH BIAS AND RESOLUTION EQUATIONS 

JarKet In-Process Run Length 

Due to the run [ength stretching effect of the sliding-window detector, 
the target run length and the RVDP in-process run length are not identical. 

Consider what happens at the output of the D/ \ converter where the 
hits in the sliding window are added. Figure 7-1 shows that the hits beffin 
to accumulate • 8 DCgxn 

rL sucer 
LEVEL 

tT slicer LEVEL 

IROAa TRI88EI 
RERIOOS 

FIG. 7-1 

m the sliding window at 0a, the start azimuth of the target. When the 
wmdow is full, the D/A converter output remains constant until, at the end 

°V. , rKUn leng,h <RL)’ zeros are lifted into the sliding window. At 

èmptv^nd th D/SAIn Slid'n8 ','ln'iOW bte‘n t0 d<'Creasc th‘' "¡"low i» empty and the D/A converter output falls to zero. At the tirne the T. slicer 

whe„r!hrD/VXC ^ ‘h' tarRet 16 d'cUr'd ‘"‘process and this bit is reset 
when the D A converter output falls below the TT slicer level. The RVDP 

th.sTn „ aUOn r°CeSS and the rUn-ltn8,h ^crimination function utilize 
this in-process run length (rl). From Figure 7-1, it can be seen that 

RL + W = TL f rl + Tt, (1) 

where W = sliding window size. This expression may be solved for either 
the target run length (RL) or the in-process run length (rl) to convert from 
one quantity to another for any given window size and combination of leading 
and trailing edge parameters. 

Azimuth Bias 

While the actual target center azimuth in rad ar trigger periods is: 

A - *s ' (1/2) RL, U) 
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the center azimuth reported by the RVDP ( occurs at the center of the 
in-process run length. Therefore, 

*R = *S + TL+ 1/2 rl {3) 

Substituting from equation (1), 

WTLt(1/2) [RL * W - Tl Tl] 

»R t (1/2) RL + (1/2) W + (1/2) Tl - (1/2) TT (3a) 

From equations (2) and (3a), one can see that there is a difference 
between the reported center azimuth and the true target center azimuth. 

This bias is: 

AZIMUTH BIAS = *R - *a 

= *s + (1/2) RL + (1/2) W + (1/2) Tl - (1/2) TT - 0g _ (1 

AZIMUTH BIAS = (1/2) [W + (TL - TT)] (4) 

Thus, this bias is independent of geographical sector or the actual target 
run length. 

Conversion from Radar Triggers to Azimuth Change Pulses 

The foregoing discussion has been entirely in terms of radar trigger 
periods. The azimuth of a target is reported in Azimuth Change Pulses 
(ACP's), and the in-process run length count is maintained in ACP's, 
while the detection process and actual target run length are in terms of 
radar-trigger periods. Azimuth change pulses are pulses which are 
generated every 1/4096 antenna rotation and have a fixed relationship to 
radar trigger periods only if the radar antenna rotation speed is constant. 
The ARSR-2 antenna at the Elwood, N. J., site was protected by a radome 
and did rotate at a constant speed. The number of radar triggers counted 
per antenna rotation was 3,452. This count was found to be consistent 
throughout the test period. 

/2) RL 
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In-process run length (equation I) in ACP's is: 

rl = Kj [RL + W - Tl - TJ 

where 

(5) 

K = per scan 
* triggers oer sea iggers oer scan 

For the Elwood, N. J., site 

K =1°-16 = 1. 186 
1 3452 

Likewise, azimuth bias (equation 4) in ACP's is: 

Azimuth Bias - (1/2) Kj [w 
f (tl 

Azimuth Resu.ation 

tt)] (6) 

The condition for azimuth resolution is based on the premise that 
the first hit of the second target must not come before the first target 
is declared complete. Therefore, 

0 - d > RL + W - T 
S2 SI T (7) 

or, from (5) 

^-,-0 > T * 
SI L 

rl 

K 

is a condition for azimuth resolution. This expression may also be used 
to define resolution in terms of the difference in center azimuth of two 
targets with identical run lengths. ““ 

Effect of Beacon Mode Interlace 

Up to this point, it was assumed that the system was processing search 
or beacon single mode interrogation information. 

/a / fre transferred to the beacon sliding window only during primary 
(A/ 3) mode interrogation periods. 

If a 3-mode interlace ratio (1:1:1) is used, the contents of the sliding 
window build up one third as rapidly as for single mode as shown in 
Figure 7-2. 
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FIG. 7-2 

Similar derivations lead the following expressions: 

rl = K, [RL t k2 (W - Tl - Tt )] (8) 

BIAS, (1/2) K; K, [W,Tl - Tt )] (9) 

"sz-'si RL+K2 [W-tx] (10) 

where: 

- total no. of interrogations/mode interrogation cycle 
no. of primary mode interrogations/interrogation cycle 

e* 8* - 3 for 3 mode (A/3:C:2) 

K . 3 for 2 mode (A/3:A/3:C) 
2 ‘ 2 

K? - 2 for 3 mode (A/3:C:A/3:2) 
etc. 

These den .Lions also hold true for the case where the target run length 
is less in.in ttu sliding window size. 

It should be noted that all three quantities, azimuth bias in particular, 

vary with mode interlace ratio. Therefore, different azimuth presets are 
required when mode interlace configuration is changed. 
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