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NADC -76208-60
SUMMARY

INTRODUCTION

SECANT (Separation Control of Aircraft by Nonsynchronous Techniques is one
potential solution to the problem of mid-air collisions. This is a family of coopera-
tive equipments designed for various types of aircraft. The VECAS GA/M (Vertical
Escape Collision Avoidance System - General Aviation / Military) is the SECANT
family member designed for the larger general aviation aircraft and certain mili-
tary aircraft.

The NAVAIRDEVCEN (Naval Air Development Center) initiated the evaluation
of portions of the SECANT techniques in July 1970. Preliminary flight testing
demonstrated the potential of these techniques. Results of these tests are reported
in reference a. In May 1972 the FAA (Federal Aviation Admmlstratlon), the Navy,
and the NAVAL AIR DEVELOPMENT CENTER, entered into an agreement for the
purchase and subsequent laboratory and flight testing of the SECANT VECAS equip-
ment, full size version. Flight testing showed the VECAS had the ability to communi-
cate accurately and with sufficient distance to provide timely and correct advisories
and maneuver commands in simulated high traffic density and in a manner consistent
with the requirements of ANTC 117. The results of these tests are reported in
reference b. In May 1974, the agreement was modified to include the purchase and
testing of VECAS GA/M units. Reference c is the contract for the purchase of
VECAS GA/M equipments from RCA. Laboratory tests were performed, although
flight testing was not conducted. (Reference d.) This is a report on the factory
acceptance tests and NAVAIRDEVCEN bench tests. The work reported herein was
sponsored by the Department of Transportation.

SUMMARY OF RESULTS

In general, the VECAS GA/M provided the necessary warnings and advisories
in a timely and effective manner and was completely compatible with the airline type
"full'" VECAS.

The power output and receiver sensitivity were as specified (+42 dbm peak pulse
power, -81 dbm receiver sensitivity below the 10, 000-foot altitude, and -87 dbm
above the 10, 000-foot altitude). The power output is 3db greater and the sensitivities
are 3db less than the old full VECAS (as reported in reference b). Tests at -42 dbm
indicate good operation and adherence to the specification for dynamic range. The
accuracy of the range and range rate measurements met or exceeded design goals and
was equivalent to the '"half-track’ of the old full VECAS equipment, i.e., a range rate
error of 22 knots, one sigma, with zero mean, and a range error of less than 0. 01 nmi.
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The alarm display consistency was usually greater than 99 percent under various
conditions of small signal levels of targets and amounts of interfering traffic signals
larger than the standard fruit level (19,500 probes/second and 211,000 replies/second).

The round time was fixed at 3.9 seconds. The multiple trackers demonstrated
successful operation.

The standard fruit levels generated no false alarms.

Analysis shows the problem of replying to own interrogations appears to have
been solved.

The adjacent channel rejection has been improved.

Co-range targets were satisfactorily tracked to within a separation of 0.1 nmi
(650 feet, 168 meters).

CONCLUSIONS

The VECAS GA/M does perform the collision avoidance function as proposed
and specified.

Laboratory tests of power output and receiver sensitivity indicate that if flight
tests were made, the communication range would be the same as for the old experi-
mental VECAS equipments (reference a) where for 1200-knot encounters there would
be sufficient communication range for Tau Two (as defined in ANTC 117 which is
reference e). '

Range rate accuracies from VECAS GA/M to VECAS GA/M should be somewhat
less accurate than those measured in the laboratory with a target simulator.
Flight tests are required for this measurement.

The laboratory tests indicate the round reliability (and thus the communications
reliability in flight) should be satisfactory in the maximum aircraft density predicted
by RCA simulations of the Los Angeles basin in 1982 (appendix A and reference a.)

The shortened round time obtained by using multiple trackers was a significent
improvement. It means that the loss of communication or a range rate error at the
Tau Two threshold would cause the display to be late a maximum of 3.9 seconds. The

multiple trackers prevent co-range targets and multipath tracks from extending the
round time.

The round-to-round threat memory was also a significent improvement, as it
would prevent most CAS display dropouts during flight. This combined with the track-
ing of co-altitude and adjacent to co-altitude zones by both antennas during each round
should result in a very good CAS display reliability during flight.

-
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RECOMMENDATIONS

It is recommended:

That all SECANT family members incorporate the improvements demon-
strated in the VECAS GA/M. These include the fixed round time, the multiple
trackers, and the SAW (Surface Acoustic Wave) filters.

That any future SECANT hardware be allowed to use the new code
format. This change could double the accuracy of the range and range rate
measurements.

That consideration be given to returning to the centriod tracker instead of
the leading edge tracker. This would reduce the sensitivity of the range and range
rate measurements to fruit.

That any future development of SECANT VECAS family members in-
clude the smallest possible unit for the slowest aircraft. This might be a six frequency
system with a four nmi (7. 412 kilometers) range.

That a determination be made as to whether identity is a necessary part of
a collision avoidance system. The elimination of identity from the SECANT message
format could cut the fruit rate to one-fourth of its present value. This might permit
command type systems for all aircraft and eliminate the need for PWI's (Proximity
Warning Indicator) and remitters.
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BACKGROUND

The SECANT system is a family of compatible airborne equipments designed to
provide protection against mid-air collisions and near misses. Several equipments
are provided having various levels of capabilities. The full capability systems are
called VECAS (Vertical Escape Collision Avoidance System) and VECAS GA/M
(General Aviation/Military). Basic performance is identical for both of these. The
VECAS GA/M is a lower cost equipment designed for aircraft smaller than transports,
but large enough to require more than one antenna. Lower losses due to shorter an-
tenna cable runs permit economies in transmitter and receiver design with resulting
radiated power and sensitivity equal to VECAS. Also the VECAS GA/M contains eco-
nomies in processing logic by having the capability to track, decode messages, and
evaluate threats for fewer simultaneous targets than the 32 that VECAS can process.

During 1972, RCA developed and built three engineering experimental models of
the VECAS to provide the complete operational capability defined in the airline indus-
try document ANTC-117 (reference e.) Flight tests at NAVAIRDEVCEN showed the
VECAS had the ability to communicate accurately and with sufficient distance to pro-
vide timely and correct advisories and maneuver commands in simulated high traffic
density and in a manner consistent with the requirements of ANTC 117.
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TECHNICAL DESCRIPTION SUMMARY

The VECAS GA/M flight test equipment is configured to be compatible with the
existing three experimental VECAS equipments. This is accomplished by using the
same data message format of the previous equipment rather than the new code format
intended for production equipment. To insure reliable system operation, a majority
of three voting logic has been incorporated. This results in a processing power which
in the same noise or fruit signal environment is equivalent to the new code (see reference
i). The penalty of the slightly increased logic complexity is offset by the ability to
communicate with the existing experimental VECAS units.

The use of the new 393 ms basic track format in conjunction with a simple wire
change in the VECAS will permit reception of the altitude portion of the message which
is required for threat analysis, and the identity which is recorded for test data analy-
sis. The identity and altitude bits are still transmitted to the VECAS equipment by

the VECAS GA/M.

The package size for these first models of the VECAS GA/M is a 3/4 ATR short
and contains the complete system. (See figure 1) The r-f assembly is a custom inte-
grated package, and the processing logic is fabricated using existing low power con-
sumption elements and MSI and LSI circuitry. (RCA expects that a production version
of this equipment will be significantly reduced in size by the conversion to custom
LSI circuits and the use of hybrid assembly technology.)

The output display interface is plug compatible with the VSI-CAS indicator used
on the VECAS equipment; however, a simplified threat logic combines those appro-
priate signal lines to produce the fewer required displays. An alternate CAS only
display of a simple arrow and "X'" type can be used with the selected interface.

The VECAS GA/M requires only the two antenna radiators, the output display,
the own ship's altitude from the digital altimeter, and primary power as interface

signals.

Several technical improvements were made in the GA/M version which could be
introduced in other SECANT family members. These include the use of SAW filters,
full range correlator, parallel trackers, and fixed round time. There are eight SAW
filters in the VECAS GA/M detector module which separate the individual SECANT
signals for detection. They replace the bulky LC filters as used in the previous
flight test equipments and contribute considerably to the size reduction, as well as
being a technical improvement. Correlation time is reduced and the hardware is
simplified through the use of a new full range correlator logic system. This system
is capable of detecting all the targets in the full range of both fields in the same 25
milliseconds that was previously used for a 1.25-mile segment in one altitude zone.

The VECAS QA/M has the capability to determine Tau (range divided by range
rate), altitude, and identity, for up to 16 targets simultaneously during
the track of each altitude zone. By utilizing the

7
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NADC-76208-60
information from the 16 targets closest in range in each altitude zone (160 targets pos-
sible), the round time is held fixed at 3.9 seconds. A technical description of the
VECAS GA/M is in appendix A. Reference h is the SECANT System Description.

The following is a list of the significant parameters of the VECAS GA/M flight
test equipment.

1. Two antennas, maximum cable loss 2 db

2. Altitude encoding used, 7 zones, below 10K ft (3000 meters), 500 ft. (152
meter) zones, above 10K ft., 1000 ft. (305 meter) zones, above 30K ft.
(9,133 meter) common zone

2a. Level - own + 3 zones, double probe own zone and adjacent zone
Climb/Descent - own zone - 2 zones +4 zones in direction of change, double
probe own zone and adjacent zone

3. 13. 0 nmi (24.1 kilometers) correlation, tracking range

4, Communication range 15 nmi (28 kilometers) (16 watts panel power probe/
reply)

d. Fixed gain receiver, no AGC
6. Coherent Detector - amplitude linear
7. ‘Top and bottom antennas in all altitude zones for correlation
7a. (a) "OR' correlators so no lost targets
(b) Use antenna of first one field target

(c) If both fields identical - use top for up zones and bottom for down
zones :

(d) Three co-altitude zones - separate tracks with each antenna
8. 2000 pps correlate, 1000 pps tracrk, ‘50 pps idle
9. Threat logic processing

(a) Only one limit for climb or descent rates (1000 ft/min) (304. 8 meters/
minute)



10.

11.

12,

NADC ~76208-60
() Tau 1 and Tau 2 detection
(c) Altitude unlimited o
(d) Display, standard VSI/éAS or CAS '"X", arrow

(e) Display information: Climb/descent limit indication NO TURN,
LEVEL, CLIMB, DIVE (held through 2 rounds, update end of round)

VECAS GA/M provides full warning time for climb/descend rates up to
4000 ft. /min (1,219. 2 meters/min)

Size: 3/4 ATR short (7.6 x 12.6 x 7.5 inches) (19. 304 x 32. 004 x 19. 05
centimeters)

Weight: 24 Ib (10. 9 kilograms)

10
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LABORATORY TESTS

The general objective of this test program was to evaluate the performance of
the VECAS GA/M and its potential to perform the collision avoidance function as part
of the SECANT family of equipments. A series of flight tests were originally planned
for the VECAS GA/M. The objectives of these flights are in appendix B. Laboratory
tests were performed to determine how well the VECAS GA/M complied with the

NAVAIRDEVCEN Specification (appendix C) and the RCA proposal.

NOTE
In this section the numbered items following
each heading are extracted directly from the
specification - which is shown in its entirety
as appendix C.

OUTPUT POWER
Power Output: =42 dbm (2.1)

The r-f power output (peak pulse power) was measured for each VECAS GA/M
at the time of acceptance and the results are shown in tables I, II, and ITI. The power
output across the frequencies was nearly constant for each VECAS GA/M. In addition,
the power output for these GA/M equipments was approximately 2 to 3 db greater than
the power output of the old full vecas equipment during the 1973 flight tests.

11




TABLE I - OUTPUT POWER VECAS GA/M SERIAL NO. 1

NADC -76208-60

Signal Measurement
P Top Low 43. 2 dbm
Q Top Low 43. 2 dbm
P+ Top Low 43. 2 dom
P- Top Low 43. 2 dbm
Q- Top Low 43. 2 dbm
Q+ Top Low 43,2 dbm
P Bot Low 43. 2 dbm
Q  Bot Low 43.2 dbm
P+ Bot Low 43.3 dbm
P- Bot Low 43.3 dbm
Q- Bot Low 43.3 dbm
Q+ Bot Low 43.3 dbm
P Top High 43.0 dbm
Q Top High 43.1 dbm
P+ Top High 43.2 dbm
P- Top High 43.2 dbm
Q- Top High 43,2 dbm
Q+ Top High 43.1 dbm
P .  Bot High 43.3 dbm
Q Bot High 43.3 dbm
P+ Bot High 43.3 dbm
P-  Bot High - 43,3 dbm
Q- Bot High 43.3 dbm
Q+ Bot High 43.3 dbm

12




TABLE II - OUTPUT POWER VECAS GA/M SERIAL NO. 2
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Bot High

Signal Measurement
P Top Low 42, 4 dbm
Q Top Low 42. 4 dbm
P+ Top Low 42. 4 dbm
P- Top Low 42.3 dbm
Q- Top Low 42, 3 dbm
Q+ Top Low 42. 3 dbm
P  Bot Low 42.1 dbm
Q Bot Low 42.1 dbm
P+ Bot Low 42. 2 dbm
P- Bot Low 42,3 dbm
Q- Bot Low 42,4 dbm
Q@+ Bot Low 42,5 dbm
P Top High 41. 7 dbm
Q Top High 41. 8 dbm
P+ Top High 42, 2 dbm
P- Top High 42. 2 dbm
Q- Top High 42, 0 dbm
Q-+ Top High 41. 9 dbm
P  Bot High 42. 9 dbm
Q Bot High 42, 9 dbm
P+  Bot High 42. 6 dbm
P- Bot High 42.6 dbm
Q- Bot High 42,7 dbm
Q+ 42. 8 dbm

13
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TABLE III - OUTPUT POWER, VECAS GA/M SERIAL NO. 3

Signal Measurement
P  Top Low 42,4 dbm
Q Top Low 42. 3 dbm
P+ Top Low , 42, 4 dbm
P- Top Low | 42. 4 dbm
Q- Top Low . 42,3 dbm
Q+ Top Low 42.3 dbm
P Bot Low 41. 9 dbm -
Q  Bot Low | 42.0 dbm
P+ Bot Low 42. 0 dbm
P~ Bot Low 42, 0 dbm
Q- ‘Bot Low ‘ 42.1 dbm
Q+ Bot Low ' 42.1 dbm
P  Top High , 42. 0 dbm
Q Top High | 42.1 dbm
P+ Top High 42, 2 dbm
P- Top High 42,2 dbm
Q- Top High \ 42.1 dbm
Q+' Top High 42,1 dbm
P Bot High ' 42, 25 dbm
Q Bot High 42, 25 dbm
P+ Bot High 42.1 dbm
P- Bot High 42. 2 dbm
Q- Bot High 42. 2 dbm
Q+ Bot High 42, 2 dbm _

14
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RECEIVER SENSITIVITY

"Receiver Sensitivity: < -81 dBm below 10, 000, <-87 dBm above 10, 000 foot
altitude for 95% probability of measuring correct (para. 2.4) altitude, range,
range rate and identity with 50, 000 probes per second per field above thres-
hold, and 300, 000 replies per second per field above threshold injected at the
front end of the receiver. The 50,000/300,000 above threshold combination
will be referred to throughout this document as SFL (Standard Fruit Level)
and represents worst case conditions in the MITRE 1982 traffic model as
established by RCA simulations. " (2. 2)

Specific test of receiver sensitivity were made for the low band on tape 32 and
the high band on tape 31. Tests were made both with traffic and without traffic for
comparison. For the low band, using VECAS GA/M No. 1, the traffic simulator was
set to 10-7-11 (amplitude attenuator 10db, probe ratio at 7, and pulse rate at 11).
This produces an amount of traffic higher than the SFL (Standard Fruit Level) of
19, 000 probes/second and 211, 000 replies per second. (The specification in appendix
C was modified to these values established by RCA simulations of the Standard Traffic
Model! for the 1982 Los Angeles Basin. (See appendix A, reference a.) Below 10,000
feet, the specification calls for a receiver sensitivity of -81dbm "for 95 percent prob-
ability of measuring correct altitude, range, range rate and identity." Because the
VECAS GA/M with the present data format does not use identity for any purpose, only
the altitude data was taken into account for determining round reliability along with
range and range rate. Figure 2 is a plot of the range rate one sigma values derived
from table IV. With no traffic these values are less than 12 knots down to -84 dbm.
With traffic greater than SFL, the range rate one sigma value is approximately 22
knots down to -81dbm. With no traffic, the altitude reliability is always 100 percent.
With traffic greater than SFL, the altitude reliability is greater than 98 percent down
to -81 dbm.,

15
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TABLE IV - RECEIVER SENSITIVITY - LOW BAND VECAS GA/M NO. 1

Signal Range Rate Range Rate

Traffic _Probes/ Strength One Sigma Average Altitude Display
Simulator N Replies (dbm) (knots) (knots) Reliability  Reliability
10-7-11 780 20/221 -84 dbm 29. 64 -2.41 0. 944 0. 982
10-7-11 435 19/217 -81 22. 22 0.41 0. 982 1. 000
10-7-11 434 20/226  -78 ' 22, 04 1. 88 0. 986" 1. 000
10-7-11 219 19/217 -5 21. 56 0. 20 0.991 1. 000
10-7-11 485 18/204 -T2 21. 97 2. 97 0. 998 1. 000
10-7-11 529 20/220 -42 20.51 0. 68 0. 996 1. 000

- 157 * ~84 11. 62 0.94 1. 000 1. 000

- 135 * -81 10. 73 -0. 80 1. 000 1. 000

- 135~ * =78 11.38 0. 96 1. 000 1. 000

- 68 * =75 9. 60 3.38 1. 000 1. 000

- 318 * -72 11. 44 1.70 1. 000 1. 000

- 117 * -42 9. 64 0.75 1. 000 1. 000
Notes:

1. N is the number of rounds included in the range rate statistics.

2. Probes/Replies are thousands per second; i.e., 20/221 is 20,000 probes
per second and 221, 000 replies per second.

3. Traffic simulator refers to knob positions. For example: Attenuator=10,
Probe Ratio = 7, and Pulse Rate = 11.

4. The Display Reliability is not a calculated value. It is taken from the printouts.

5. The data in this té.ble is from tape no. 32 and tape no. 33.

6. The asterick (*) signifies that only the replies from the target are being
counted. This is a small number.

17
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For the high band using VECAS GA/M No. 1 and VECAS GA/M No. 2 the traffic
simulator was set to 16-6=11. This produces an amount of traffic smaller than SFL.
(SFL should only apply to the below 10, 000~foot case where the traffic density is
greater.) Above 10,000 feet, the specification calls for a receiver sensitivity of -87
dbm. Figure 3 is a plot of the range rate one sigma values derived from table V.
With no fruit, these values are close to 20 knots. With fruit these values are between
25 and 30 knots. VECAS GA/M No. 2 appears to be slightly less accurate than VECAS
GA/M No. 1. In all cases the altitude reliability is greater than 98 percent and the
reliability of the pilots display is 100 percent.

Figures 4 and 5 are printouts showing a target at minimum signal level in the
low band and in the high band. '

18




NADC -76208-60

69—

¢ 'ON pue T ON IW/VD SVOIA - pued YS1H - £1A1}ISUDS I0A1909Y

(wqp) HLON3YLS TVYNIIS
R GlL- 8. — 18 - +8 -

‘¢ 9an31q

i8 -

| _ _ | !

1lindd ON HiIm

1in¥dd ON HLiim
20N W/V9

lindd HLIm

I'ON W/v9

lIN¥3d H1lim

2°ON W/v9

0l

02

(0]

ot

{SLONX) 3NTVA YWOIS 3INO- 31vy IJONVY

19




NADC~76208-60

TABLE V - RECEIVER SENSITIVITY - HIGH BAND

Range Rate Range Rate

Traffic Probes/ Signal one sigma  Average Altitude Display
Simulator N Replies Strength (knots) (knots) Reliability Reliability
VECAS GA/M NO. 2

16-6-11 1103 11/175 -87 dbm 31. 04 0.58 0.983 1. 000

16-6-11 867 11/177 -84 28.47 0. 86 0.991 1. 000

16-6-11 896 11/179 ~-81 27,08 3.18 0.998 1. 000

16~6~11 1076 11/179 -78 26,51 4,18 0. 997 1. 000
- 111 * -87 24.12 1.51 0.991 1, 000
- 90 * -84 21. 38 0. 96 1. 000 1. 000
- 135 * -81 18.58 2,72 1. 000 1. 000
- 136 * -78 20. 50 =0.10 1. 000 1. 000

VECAS GA/M NO. 1 |

16-6-11 707 5/193 -87 26. 68 0. 84 0. 990 1. 000

16-6-11 508 6/200 -84 27.18 1.87 0.994 1. 000

16-6-11 599 7/205 -81 24, 47 -0.13 0. 995 1. 000

16-6-11 1147 7/213 -42 25,18 0.98 0. 995 1. 000
- 180 * -87 18.19 1.38 1. 000 1. 000
- 135 * -84 17. 86 -0, 40 1. 000 1, 000
- 135 * ~81 18. 68 3.52 1. 000 1. 000
- 67 * =42 20. 20 3. 27 1. 000 1. 000

Notes: .

1. The data in this table is from tape no. 31.

2. N is thenumber of rounds included in the range rate statistics.

3. Probes/Réplies are thousands per second.

4. Traffic Simulator refers to knob positions.

5. The Display Reliability is not a calculated value. It is taken from the printouts.

6.

The asterick (*) signifies that only the replies from the target are being

counted. This is a small number.
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T T UTTTTTTTTTTYAPE NG, 32 N.&.D.C. LADORATORY TESTS OF
TINE :
‘HR MIN  SEC ~ T OISPLAY ALT AZONE ANT RANGE
135 18 4 51.0 . uidoo 5.2 114, TOP 1.87
136 18 & 54.5 uio60 EOR I
137 18 & 5.9 7 U000 5.2 14, TOP 1.07
138 18 4 58.5 u1000 EOR I
139 18 & 58.9 U18to 52 1k. TOP 1.07
140 18 5 2.4 - ui1060 " EOR T T T 7T o
161 18 5 2.8 u1049 5.2 14. TOP 1.08
162 18 5 6.3 vi000 EOR I
163 18 5 6.7 ' U10083 T T T T 5e2 1he  TOPT T T T LeGT
164 18 5 10,3 uioo00 ' EOR I
145 18 5 10.7 u1080 5.2 1&. TOP 1.07
146 18 5 1442 - Ui000 EOR ) S
147 18 5 1446 uip0o0 52 14, TOP 1.47
148 18 5 18.1 u1ago EOR I
149 18 5 18.5 u1gco ' 5.2 1. TOP T 1.07
150 18 ‘5 22.1 U1600 EOR I
151 18 5 22.5 U1003 5.2 14, TOP 187
152 18 5 2643 .U1000 ~ EOR I T T
153 18 5 2644 V1000 5.2 1&4. TOP 1.07
154 18 5 29.9 uL0a90 EOR I
155 18 5 30.3 u1000 ‘ 5.2 1he TOP ~— 1.07
156 18 5 33.9 U108 EOR I
157 18 5 34.3 u1000 5.2 1%, TOP 1.07
158 18 5 37.8 u10d0 - EOR I T
159 18 5 38.2 u1060 5¢2 1k TOP 1.07
150 18 5 41.7 U10460 EOR I
161 18 5 42.1 uio0g6o 5.2 14 TOP 1.07
162 18 5 45.7 U1BG0o EOR I
163 .18 5 46.1 U16sd 5.2 14. TOP 1.08
164718 5 49.6 vu000 = EOR I S T
165 18 5 50.C vioo00 52 1&. TIP 1.07
166 18 5 53.5 ui06d EOR I
167 18 5 53.9 viGéeo 5.2 14ke TOP 107
168 18 5 57.5 ui000 EOR I
16918 5 57.9 vidgeo 5¢2 1&. TOP 1.07
17048 b6 1le& U160 @ EOR I v T
17118 b 1.8 : uidoo 52 1&. TOP i.07
17248 6 5.3 U1660 EOR I
173 18 b 5.7 ' u1300 " 5e2 1h, TOP 1007
174 48 & 9.3 u1060 EOR I
17548 o 9.7 - uigoo 5¢2 14 TOP 1.87
176 .48 b 13.2 U1g6d = EOR I ' I
-AT7 18 6 13.6 v1000 5.2 14. TOP 1.07
178 18 b 17.1 vigoeo EOR I
17918 6 17.5 - u1B00 22 1ke TOP '1.07
BOTTOM FIELD SIGMA = el N= 0 SUMS= 6. SUM SQUARES =
TOP FIELD SIGMA = 16.5 N =23 SUM = 35. SUM SQUARES =
AP = 418.8 AR = #895.0 T

. Figure 4. Sample Printout - Low ]
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JRY TESTS OF VECAS GA/HM DATE 5 26
RANGE  RATE TAU  TALT IDNT PRE  RPY
1.07 3. %2840 6.0 01CG B 17. 214, TAU-THO
.07 18, 2140 6.0 TUICG 8 13. 230, TAU-TWD
.07 13, 296.3 6.0 01C6 B 19. 23t. TAU-THO
1.08 0. 3888.,0 6.0 21C6 8 12. 177. TAU-THWO
TG =1, T¥852.0 6.0 04C6 B T Z22. 222. TAU-THD
1.07 0. 3852.0 6.0 01GG 8 15. 144. TAU-THO
1.47 22. 175.1 6.0 41C6 B 25. 210. TAU-TWO
1,07 213, -296.3 6.0 01C6 B T 22. 117. TAU-TWHO
1e07 1i. 350.2 6.0 21CG 8 _11. 421, TAU-TWO
1.07 -1, *852.0 6.0 01CG B 12. 198, TAU-THOD
1.07 . 30e 128.4 6.0 81C6 B 29, 210, TAU-THWO
07 2. 1926.0 6.0 D1CG B 20 2tt. TAU-TWO
1.07 “40. -96.3 6.0 01CG 8 20. 194, TAU-TWO
7T 107 «3. *284.0 6.0 DI1CG B 1647 231 < TAU-THO
_ 1.08 23. 169.0 6.0 01C6 B 19, 228. TAU-THO
1.07 0. 3852.0 6.0 01CG B 15, 189. TAU-THO
" 1.07 2d. 192,.6 6.0 01CG B 8. 179, TAU-THO
_ 1.07 =12, -321.0 6.0 01C6 B 22. 198. TAU-THO
1.07 i1. 350.2 60 01CG B 18, 211. TAU-THOD
T T 407 -13. =296.3 6.0 01C6 ] 2hke 221, TAU-THO
_ 1.87  -30. ~-12B.s 6.0 01CG 8 _17. 229. TAU-TWO
1.07 2, 1926.0 6.0 01CG B 1. 228. TAU-THO
T 1.07 1. ¥#852.0 6.0 01C6 8 - 18, 202. TAU-TNWO
UARES = 0. BPRB = «0 BRPY = «0 KBK = 0
RES = 6053, TPRB = 18,2 TRPY = 212.8 KTK = 23

Printout - Low Band, Minimum Signal
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TAPE NG. 31 NeAsDoCo LABCRATORY TESTS OF
TIME
HR MIN SEC DISPLAY ALT AZONE ANT RANGE
567 9 16 22.9 D1000 - 25.8 30, B80T -85 -
588 9 16 25.2 D1000 EOR I
569 9 16 26.8 01000 25.8 30. ,BOT 1.05
590 v 16 29.2 01000 - SEOR - I T
591 9 16 30.7 D1000 25.8 30. BOT 1.05
592 9 16 33.1 D160 EOR I
593 G 16 34.7 010080 e eee— 22508 30, BOT - - - 485
594 9 16 37.C D1000 EOR I
595 9 16 38.6 D1000 25.8 30. BOT 1405
596 9 16 41.¢ 01000 - e QR——F - e —
597 G 16 42.5 D1000 25.8 30. BOT 1405
598 9 16 44.9 01000 EOR I
599 9 16 46.5 01040 e = 25,8 30, BOT—— - —%sB5
660 9 16 48.8 01000 EOR I
601 G 16 50.4 D1000 25.8 30. BOT 1.05
682 9 1€ 52.8 01000 - EOR—F— o
603 9 16 54.3 D130C 25.8 30. BOT 1.05
604 9 16 56.7 01000 EOR 1
665 -9 16 58.3 D1060 - - 25 8--30, —BOT— 1565
606 9 17 .6 D1000 EOR I
607 9 17 2.2 01300 25.8 30. BOT 1.05
- 6G8 - 9 17 4.6 DIOEH——-— - EOR—F
609 9 17 6.1 D1000 25.8 30. BOT 1,05
610 9 17 8.5 D1300 EOR I
611 -9 £7 10.1 D1088-—— - — 258 38— BOF 45—
612 9 17 12.4 01000 EOR I
613 9 17 14.0 01000 25.8 30. BOT 1,05
614~ -G 17 -16.4 - D18GE— - E6R—F e
615 9 17 17.9 01000 25.8 30. BOT 1.05
616 9 17 20.3 D1G00 EOR I
- 817 9 17 21.9 - D1880%——- 25+ 8—38+—BOF ++85
616 9 17 24.2 D1000 EOR I
619 9 17 25.8 D1000 25.8 30. BOT 1,85
$20 -9-17-2842- D1488 EOR—F
621 9 17 29.7 D1000 25.8 30. B80T 1.05
622 9 17 32.1 D1300 EOR I
- 623 -G 4733, 7 -D1OEH——— 2558—30+—B6T 165
624 9 17 36.0 D1000 EOR I
625 9 17 37.6 D1000 25.8 30. BOT 1.05
- 626 917 4B 601868 E6R—F
627 9 17 41.5 D10G0 25.8& 3G: BOT 1.65
628 9 17 43.9 D1000 EOR I
629 -9-17-45.5 - 01060~ 25+86—36+—B6T 4565
630 9 17 47.8 D1000 EOR I
631 9 17 49.4 D1000 25.8 30. BOT 1.05
- -BOTIOM -FIELD-SI6MA =243 N—=23—SUM—=———59;——SUM-SRUARES =——
TOP FIELD SIGMA = 0 N = 0 SUMS= 0. SUM SQUARES =
AP = 138.0 AR = 411C.0

Figure 5. Sample Printout - High:
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ABCRATORY TESTS OF VECAS GA/M DATE 5 17

ANT RANGE  RATE TAU  TALT IONT PRB RPY

807 --———44585 - =12, =315.0 18.0 01CE€ -8  --—-——5, -228s TAU-THO
BOT 1.05 -8. -472.5 18.0 01C6 B8 5. 193. TAU-THO
80T 1.05 38,  99.5 18.0 016 8 4. 213. TAU-TWO
BOT - - --—— —44§5— =22, =-171«B 1848 01C6 B - -5, 176, - TAU-THO"
BOT 1.05 2. 1890.0 18.0 0iCC B 10. 198. TAU-THO
80T 1.05 28, -135.0 18.0 0iC6 B ) 8. 162. TAU-THO
BOT —— ~—485—- - =10+ =378.8 - 18.0 81C6 8 ~ - - - 7. 168. TAU-TWO
80T 1.05 6. 3780.0 18.0 01CC B 5. 200. TAU=-THO
50T 1.05 2. 169.0 18.0 01C6 B8 7. 173. TAU-TKO
307 4505 32y —148+1— 18¢0 - 01C6 B Tt TR FAU-THO— -
307 1.05 31. 121.9 18.0 0iCG B 6. 196. TAU=THO
30T 1.05 21, 180.0 18.0 01CG B 8. 249. TAU-THO
36F—————t g 5—— B ¢ 3B HH— 2B oG BLE6— BB 15— FAU-FHO— -
307 1.05 -22., =171.8 18.0 01CG B 4. 16. TAU=-THWO
307 1.05 —42. -90.0 18.0 04C6 B 6. 180. TAU-THO
30¥ 4+85 ~43, ——198+9 1858 81+66— B—— ——Fv+—243+—FALU-THO— —
107 1.05 -23. =164.3 18.0 01C6 B 7. 1539, TAU-THWO

307 1.05 22. 171.8 18.0 01CG B 6. 217. TAU-THO

T 485 =18 =378 18— 8166 ——B 31 75— FAU-THO——

307 1.05 0. 3780.0 18.0 01iCG B 7. 147, TAU-TWO
307 1,05 -3. *260.0 18.0 01CG B 8. 167. TAU-THWO
3T 48523tk 3 48— BEE6— B 5463+ FAU-THO——
307 1.05 -3. *260.0 18.0 01iCG B 4. 168. TAU-TNO
SUM-SQUARES—=——— 10449+ BPRB—= 68 —BRPY = 178+7—KBK—=—23

JM SQUARES = 0. TPR8 = <0 TRPY = O KIK= 0

Sample Printout - Higi» Band, Minimum Signal
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RANGE AND RANGE RATE MEASUREMENTS

"Accuracy: The following accuracies shall be obtained with SFL injected with
a VECAS-GA/M connected to.the calibration generator at levels of ~81 and -21
dBm below 10, 000 feet and at -87 and -21 dBm above 10, 000 feet:

Altitude: same as the input (digitized in 100-foot steps)

Range: mean < 300 feet (+0. 5% of range), standard deviation <300 feet
Range Rate: mean < 5 knots (+1% of range rate), standard deviation < 30 knots
Identity:  same as that transmitted by the intruder" (2. 4)

The error in the range measurements during these laboratory tests was always
less than the resolution of the digital interface unit which was only 0. 0lnmi. Thus the
range readout for a fixed target was always constant or in some cases alternating be-
tween two adjacent values.

The range rate measurements for a fixed target in the low band (below 10, 000-
foot altitude) are shown in table VI. The tests were made with different traffic simu-
lator settings and the results are plotted in figure 6. The range rate one sigma value
increased monotonically from 9 to 26 knots as the number of replies goes from 0 to
300, 000 replies per second. The direct correlation between range rate accuracy and
fruit is an effect of using a leading edge tracker instead of a centroid tracker (See
note 13 under "discussion''). Figure 7 shows that the reliability of the altitude message
decreases as the amount of fruit becomes greater than 200, 000 replies per second.

Table VII shows the range rate accuracy for moving targets in the low band.
Figures 8 and 9 are printouts showing moving targets. The specification calls for a
range rate accuracy: mean less than 5 knots and standard deviation less than 30
knots, with the VECAS GA/M connected to the calibration generator. On tape number
23, VECAS GA/M no. 1 was connected to VECAS GA/M no. 2 through a 500-foot co-
axial cable and variable attenuators. Data was recorded at VECAS GA/M no. 1. With
no traffic inserted, the range rate one sigma value at minimum signal level (-87dbm)
was 28. 96 knots and at 3 db above minimum signal (~-84dbm) was 26. 71 knots. This
would indicate a degradation in the high-band range rate one sigma value of approxi-

receiver sensitivity from VECAS GA/M to VECAS GA/M) for the case of VECAS GA/M
to VECAS GA/M when compared to the values from Table V for VECAS GA/M with a
Calibration Generator. It was not possible to make a meaningful test with a
insertion of traffic in this case. Because the VECAS receiver is blocked dur-
ing its own transmissions, including interrogations, the receiver sensitivity
has a finite recover time. Because the target VECAS is so close in range, when
its amplitude is set with reference to a target from the calibration generator,
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TABLE VI - RANGE RATE ACCURACY - LOW BAND - VECAS GA/M No. 3

Range Rate Range Rate

Traffic Probes/ One Sigma Average ‘Altitude Display

Simulator N Replies (knots) (knots) Reliability Reliability
- 201 - 9.36 0.93 1. 000 1. 000

10-7-11 860 17/188 21. 14 1.75 0.981 1. 000

9-7-11 1606 23/244 22. 89 1.24 0. 953 0. 999

8-7-11 720 29/305 25. 39 -0, 93 0.918 0. 994
Notes:

1. The data in this table is from Tape no. 30.

(VECAS GA/M No. 3).

2. All targets are in the low band at minimum signal (~81 dbm).

3. N is the number of rouhds included in the range rate statistics.

4. Probes/Replies are thousands per second.

5. Traffic Simulator refers to knob positions.
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TABLE VII - RANGE RATE ACCURACY FOR MOVING
TARGETS AT MINIMUM SIGNAL LEVEL

Traffic Range Rate Range Rate )
Target Range Simulator Probes/ One Sigma Value Average Value Altitude
Rate Setting N Replies (knots) (knots) Reliability .
+ 100 - 89 * 14, 58 98.11 1. 000
+ 100 10-7-11 365 18/210 25. 08 94, 62 0.984
- 100 10-7-11 87 16/188 24.75 - 99. 84 0. 967
+ 200 - 111 * 12. 08 199. 85 1. 000
+ 200 10-7-11 275 17/191 25. 05 201. 50 0.989 -
- 200 - 32 * 13.45 =199, 66 1. 000
- 200 10-7-11 40 16/190 20. 95 =202. 50 1. 000
- 500 ' - 100 * 12, 82 501. 67 1. 000
+ 500 10-7-11 291 18/215 22,46 - 499, 35 0.977
- 500 10-7-11 20 15/189 22.20 -501. 55 0. 909
+1000 - 16 * 12. 80 1002. 00 1. 000
+1000 10-7-11 176 19/216 25, 81 994. 06 0.994
-1000 10-7-11 20  17/214 21,50 -1000. 20 1. 000
+1500 - 14 * 13. 00 1502. 50 1. 000
+1500 10-7-11 54 17/202 25.43 1497. 93 1. 000
-1500 - 17 * 12. 90 -1497. 06 1.000
-1500 10-7-11 52 16/185 36. 28 ~1488. 59 0. 986
Notes:

1. The data in this table is from tape no. 32 and tape no. 33.

2. Al targets are in the low band at -81 dbm.

3. N is the number of rounds included in the range rate statistics.
4. Probes/Replies are thousands per second.

5. Traffic Simulator refers to knob positions.

6. The asterick (*) signifies that only the replies from the target are being
counted. This is a small number. g
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NADC~-76208-60

its real amplitude is somewhat greater due to the receiver desensitization in the close
range case. The traffic is set up by observing the probe and reply counts on the
digital interface front panel. These numbers depend upon the amplitude of the fruit
when the receiver is at full sensitivity. Therefore, the amplitude of the traffic in the
neighborhood of the real VECAS target is relatively smaller than the traffic numbers
would indicate, and the exact relationship between the target and the fruit is unknown.
A longer delay cable does not solve this problem because of the additional attenuation
introduced, which makes the target amplitude too small for it to be tracked. The only
way to accurately determine the range rate accuracy between two VECAS GA/M's with
fruit injected is to fly the two equipments in separate aircraft over a test range.
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TOP FIZLd SI3MA =

ar =

NeAsDo.Co LABORATORY TZSTS OF VECA

ALT AZON:c ANT

5.1 14. TOP

RANGE RATE

11.47 493.

5.1 14, TOP

13.92 484

m
Q
Pt

5.1 14. TOP

5¢1 14. TOP

10. 37 wb1.

.82 521,

Oi
A

(al]]

5.1 14. TOP

2¢1 14, TOP

5.1 14. TOP

5¢1 14, TOP

7ebk 513,

TAPZ NO.
TIME

TTTHR OMIN TSRS DISPLAY

113 50 52.1

2 13 5C 52.5

313 50 s8.et T T

~“+ 13 53 56.5

5 13 51 oo

5 13 51 o+

7 13 51 3.9

8 13 51 443 _ _

313 51 7.3 i

10 13 51 8.3
(11 13 51 11,8 S
1271321 12,2 T
23 13 51 1547

14 L3 21 13.1

15 13 51 13.7

16 13 31 2u.1

17 13 51 238 _.
18 13 51 2+.2

13 13 51 27.5 U164G)
2 13 31 27.3 Uiui)
21 13 51 31.5 u1c¢o
22 13 51 31.9 U10G)
23 13 51 35.4 U1Gid
2+ 13 51 35.8 U168y
25 13 21 33.3 U10G0
26 13 51 33.7 u1i0cC)
27 13 %1 3.3 U1G0)
28 13 51 43.7 U10GJ
23 13 31 7.2 uiGao
30 13 51 470 U1GEl
31 13 51 31.1 TR D]
32 13 51 51.5 Uiged
33 13 51 35.1 UGl
30 13 51 5545 v1003
35 13 5i 53.. v10G3
30 13 51 53. 4+ Ji0cC)
37 13 52 249 U1G40
38 13 32 3.3 U10G)
33 13 52 5.3 U1G0o
<d 13 52 7.3 U160l
41 13 52 41..8 U1Ge)
42 13 52 11.2 ui0cC3
w3 13 52 .47 u1003
ws 13 32 18.7 uiagold
45 13 52 22.6

30TTOM FLIZLJ SIGMA = ol

2261 N
38Z.3 AR =

T 5.1 14, TOP

.2s1 b TOP

"5¢1 1k, TOP

5.1 14. TOP

51 14, TOP

7.09 493.

DeDh 492,

5¢1 14. TOP

5.99 477,

5.1 14. TOP

Dokl 468,

4,90 512,

4o 35 216.

3.1 14. TOP

5¢1 14. TOP

5.1 {4, TOP

501 14, TOP

5.1 14. TOP

T 5.1 t4. TOP T

0. SUM SQUARE
106495, SUM SQUARES

Figure 8.

3.80 517,
3.25 479,

2.71 461.

2.16 502,

1.61 525,

1.67 529.

n w
]

525476

Moving Target 500 Knot

29
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ORY V=515 OF VEGAS 5A/M DATE 6 9
RANGE RATE TAU TALT TIONT PRB PV
11447 493, 83.8 6.0 0J1C6 8 15. 194.
13.92 484, 81.2 6.0 J1C6 B 16, 193,
10, 37 b1l 81.0 6.0 311CG B 26. 199.
9,82 521 579 6.0 J1CG B 17. 2.8,
9.28 504, 66,3 6.0 01CC B 18. 200,
8.73 501, 527 5.0 01CG B8 15. 223.
Bo18 539 57.9 6.0 0106 B 2he 197,
7464 513, 53.6 6.0 01C6 8B 12. 177.
7.09 493, 51.8 6.6 01CG B 23. 209, TAU-TWO
be5k 492, 479 6.0 01CG B 15. 213, TAU-TWO
5499 477, 45.2 6.0 01CG B 19. 192. TAU-THWO
Selb 468, 41.8 6.0 4J1iCG 8 20. 197. TAU-TWO
be90 512,  34.5 6.0 31C6 B 17. 182, TAU-THWD
435 516, 3043 6.0 31C6 8 18, 213. TAU-THO
3.80 517, " 26.5 6.0 J1CG B 21. 196. TAU-ONE
. 3.25 79, 2.6 6.0 JICG B 11. 179, TAU-ONE
2.71 461, 21.2 6.6 31C6 B 24. 189. TAU=ONE
2.16 502, 15.5 6.0 §1C6~ B 20, 150, TAU-ONE
1.61 525, 11,0 6,3 3166 8 15, 133. TAU-ONE
1.07 529, 7.3 6.6 3J1C6 B 26. 195, TAU=ONE
052 538. 3.5 6.0 J1CG B 19, 205. TAU-ONZ

o b e e - I S

QUARES = 0. BPRWB = .0 BRPY = i KBK = 0
= 5254765. TPRB = 18.2 TRPY = 196,9 KTK = 21

ving Target 500 Knots (-81 dbm) -

29 ég,_
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" TAPE NOe 337 77T NeAo DeCe LABORATORY TZSTS
TIM- _
HR MIN 3:C JISPLAY T ALY AZONE ANT RANGZ
115 16 3J.2 IR I
2 15 1. 13.2. IR I
3 15 15 13.0 T 50 1. TOP T 1L 09
+ 15 15 17.1 U136 £0R I )
5 15 13 17.5 U1sid _ 541 4. TOP 3.45
5 15 1. 21l.¢ Uiuc3d 0 I T
7 15 16 21le% Uidco 5.1 14. TOP 7.61
8 15 1. 25.. U163 ORI
9 15 10 25.4 u1060 5.1 14, TOP T B.16
13 15 15 26.9 U13G3 EOR I
11 15 15 2343 u1ed) 5341 4. TOP %¢52
12 15 1. 32.8 TR CERR r———~
13 15 10 33.2 U1GG6d 5.1 14. TOP 2.88
14 15 1J 35.8 u16cl CEOR I _
15 15 10 372 UiGud 5.1 14. TOP 1.24
16 L5 41 wee? Uicil ZOR I
17 15 15 <beb u10c3  ZOR I
18 15 11 u48.6 EOR I B
19 15 1, 3245 EOR 1
20 15 13 25.4 Z0R I
21 15 17 5648 T3, L iu. TOP 11. 31
22 15 11 ok u10cgl ZOR I
23 13 11 3 __u1gwo 5.1 14. TOP 9.66
24 15 11 4.3 U160 T T E0R I
25 15 11 4e7 U1060 5.1 14, TOP 8.02
26 15 11 3.2 yia6) IO I
27 15 11 8.5 U063 5¢1 1k TOP Be 38
28 15 11 12.2 U1GG3d EOR I
29 15 11 120 UlGus 5.1 14, TOP e 7h
30 15 11 106.1 U1GGo0 IR i
31 15 11 1645 U1iCa 5.1 14. TOP 3.10
32 15 11 cied U1Gid EOR I
33 15 11 234 ' uicely 5.1 14. TOP 1.45
34 15 11 240 U106 EIR 1
35 15 11 27.9 U160 Z0R I
36 15 11 31.8 EIR I
37 15 11 538 EOR I
38 15 i1 35.2 5.1 14. TOP 11.57
39715711 733.7 7T T TTuthed TTUTTEIBR I
40 15 11 43.1 u1000 5.1 14. TOP 9.93
+1 15 11 3.5 U1003 EOR 1
Y- I RS U V F X 1 5.1 1b4. TOP 8.29
«3 15 11 47.6 U1G6Gl £0R I
44 15 11 4B8.0 U100l 5.1 14, TOP 2465
w8 15 1L 51.5 T TTUL00) EDOR T
80TTOM FIELD SIGMA = el N = [ SIM = o SUM SQJARES =
TOP FI-L) SI3M4A = 2Ce7 N = 18 SJM = 26940. SUM SQUARES = [
AP = T T325.0 AR = 3748,.0

Figure 9. Moving Target
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¥ T=STS OF VECAS GA/M OATE ) 8
RANGZ  RAT:Z TAU TALT IDNT PR3 RPY
11.09 {513 264 "':"'6"."0' T3ic6 8 22. 153. TAU-TWD
9,45 1485,  22.9 6.0 31C6 B 19. 189. TAU-ONE
7.81 1491, 18.9 6.0 31CG B 24. 226. TAU=ONE
5.16  1482.  15.0 6.0 01C6 B 15. 213. TAU-ONE
4452 1487,  1G.9 6.0 J1Cc 8 24. 188. TAU-ONE
2.88 1541, 5.7 6.0 01C6 B 12. 192. TAU-ON:Z
1.2 1474+ 3.0 6.0 01CG B 17. 170. TAU-ONE
11.31 1510, 27.0 6.0 01iC6G B 1%, 181. TAU-THD
9.66 1501, 23.2 6.0 0106 B 18, 186. TAU=-ONE
8,02 1485, 19.4 6.0 01C6G B 18. 390. TAU=-ONE
6.386 1509, 15.2 6.0 2iC6 B 1i2. 179. TAU-ONE
74 1532, 11.1 6.0 01C5 B 10. 204. TAU-ONZ
3.10 1469, 7.6 6.0 01CG B 18. 256. TAU=ONE
1.45 1487, 3.5 bs0 01C6 B 17. 159. TAU-ONE
11.57 1501, 27.7 6.0 21C5 B 16. 189, TAU-THWO
9.93 1478, 24ke2 6.0 01CG B 19. 324, TAU-ONE
8.29 1523. 13.6 6.0 01iCG 8 27. 1b6&. TAU-ONE
5.65 1478, 15.2 6.0 31CG B 18. 1B5. TAU=-ONE
JARES = 0. BPRB = .0 BRPY = 0 KBK = O
RES = 48327480, TPRB = 17.8 TRPY = 208.,2 KTK = 18

ving Target 1500 Knots (-81 dbm)
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CO-RANGE TARGETS

"Co-Range Targets: Under all the conditions of paragraphs 2.2, 2.3, and
2. 4, two targets which are within 650 feet of each other shall be correctly
tracked and processed through the threat logic regardless of the altitude
separation between the targets.' (2.16)

In all interrogator/transponder systems there exists the problem of co-range
targets; i.e., the simultaneous reception of replies from two targets at the same slant
range from the interrogator. In an air-to-air system these co-range replies can be
generated by all transponders on a particular sphere centered at the interrogator.
SECANT uses altitude encoding to sequentially illuminate 500-foot altitude zones below
10, 000 feet and 1, 000-foot altitude zones above 10,000 feet. Therefore, co-range re-
plies can only be generated at the ring which is the intersection of the sphere and the
altitude zone being illuminated. Replies from co-range targets in different altitude
zones will not interfere with each other.

The VECAS GA/M uses a multiple target tracker. All control of the tracker is
performed by the passage of a target bit through the control register (17bit). In the
event that two targets in the same altitude zone are within 800 feet of the same range,
their target bits would occupy the control register simultaneously. To avoid this
possibility, the auxiliary control register is provided to handle co-range targets.

This register is designed to track the trailing edge of the digital video pulse returned
from the target (in SECANT the range measurement is made directly from the initiating
pulse to the target video). Thus, both the leading edge and the trailing edge of the
combined video from the two targets will be simultaneously tracked for range, range
rate, and data.

The ability of the VECAS GA/M to track two co-range targets in the same altitude
zone was tested during acceptance tests on tape no. 18. One target was provided by
another VECAS GA/M in the screen room through 500 feet of coaxial cable. The second
target was provided by a calibration generator which can vary its target range in incre~
ments of 50 feet. The two targets were set to equal amplitudes at a signal level 6 db
above minimum usable signal. (Due to the near zero range with respect to the interro-
gator, the actual amplitude in the video in the interrogator is somewhat smaller).

Tests were made both with and without fruit. (The fruit count in the neighborhood of
the targets would be somewhat less than indicated.) Table VIII and figure 10 show

the ability of the VECAS GA/M to separate and track data from two targets in the same
altitude zone in a fruit environment to a range separation of approximately 600 feet
and without fruit to a range separation of approximately 500 feet. Tau and data tracks
can be made at smaller separations on one of the targets.
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Additional Tests were made where the range of the target from the calibration
generator was slowly moved through the range of the target from the other VECAS
GA/M. Tests were made with no fruit, with 60, 000 probes and 300, 000 replies, with
targets of equal amplitude, and with one target stronger than the other. The results
show that with one target moving, when the two targets are at the same range, the
data messages are inseparable and the CAS display will be extinguished. When the

target is moving at 100 knots, the CAS display is lost for one round or less.

At 50

knots, the CAS display is lost for an average of two rounds, and at 25 knots the CAS
display is lost for between four and five rounds. '

TABLE VIII. CO-RANGE TARGETS

Number Track Percent Range

Range of Both Success Rate
Difference Rounds Targets Sigma Probes Replies

492 feet 104 87 0. 837 19. 50 - -
(150 meters) 153 31 0.203 28, 26 60, 000 261,000

542 feet 208 207 0.995 21. 26 - -
(165. 2 meters) 91 87 0. 906 23. 32 55, 000 245,000

/

592 feet 133 130 0.977" 20.35 - -

(180. 4 meters) 153 145 0.948 26. 44 66, 000 283,000
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Figure 10. Co-Range Targets
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FALSE ALARMS NADC-76208-60

"False Alarm Rate with SFL:

TAU 2 - <10 alarms per 10,000 hours 7
TAU 1 - <1 alarm per 10,000 hours'" (2. 7)

"False Alarm Rate with SFL and non-threatening targets and, false alarm
rate with SFL and threatening targets (early or late alarms due to errors
within the limits of paragraph 2.4 are not considered false alarms).

TAU 2 - £10 alarms per 10, 000 hours
TAU 1 - <1 alarm per 10,000 hours' (2. 8)

"False Alarm Rate Acceptance Test: The VECAS-GA/M shall be designed

to meet the False Alarm rates described in paragraphs 2.7 and 2. 8. Due

to the extensive testing required to obtain valid data, only acceptance tests

to establish standard statistical data over 10 hours will be performed. The
false alarm rate for the ten (10) hour test shall be zero. If this number is
exceeded a failure analysis and corrective action shall be implemented. " (2. 9)

The specification limits the number of false alarms allowable in 10, 000 hours.
To test this requirement two 5-hour tests were made. The first test (on tape 12)
was made in the high band with no target. The traffic inserted was 27, 000 probes
and 326,000 replies in the bottom field, and 29, 000 probes and 396, 000 replies in the
top field. There were no flase alarms. The second test (on tape 19) was also made
in the high band. A single target was set at 2. 55 nmi at minimum signal (-87dbm).
The traffic inserted was 57,000 probes and 310, 000 replies in the bottom field and
54,000 probes and 368,000 replies in the top field. There were no false alarms.

DYNAMIC RANGE

"Dynamic Range: The performance of parag‘raph 2. 2 shall be met over a
dynamic range of 60 db below 10, 000 feet (-81 to -21 dbm) and over 66 db
above 10, 000 feet (~87 to -21 dbm)." (2, 3)

The specification calls for full performance with signals as strong as -21 dbm
both below and above 10,000 feet. The maximum signal that can be obtained from the
calibration generator is ~42 dbm. Tables IV and V show satisfactory performance at
-42 dbm. The only effect is that the VECAS GA/_M will attempt a co-range track ap-

proximately 1 percent of the time., (A signal level as strong as -42 dbm will
only occur when two aircraft are at a very small separation in range.)
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COMPATABILITY
Compatability with the old experimental VECAS was demonstrated during accept-

ance tests by connecting it to a VECAS GA/M through a 500~foot cable. Altitude and
identity were exchanged between both units.

ROUND TIME
"Round Time: Cycle time to completely correlate and track targets in all
seven altitude zones, process the threatening targets through the threat logic
and update the CAS display: < 4 seconds.' (2. 6)
Round time during all tests was fixed at 3. 9 seconds.

MULTIPLE TRACKERS
The use of parallel trackers to track multiple targets in a single altitude zone

was successfully demonstrated. Examples of multiple targets are in figures 11, 12,
and 13.
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TAPE NO. 32 Ne.A.DsC. LABORATORY TESTS
TIME
HR- MIN 5tC DISPLAY ALT AZONE ANT RANG
1 13 23 14.5 u1060 EOR I
2 13 23 14.9 u1000 5¢2 14, TOP 1.08
21372371409 ' U1a800 5.2 14. TOP 5e 24
2 13 23 149 u1800 . 5.2 1b4. TOP 9,24
3 13 23 18.4 V1400 EOR I
T4 13723 718.8 —uU1000 5.2 14, TOP 1.0¢6
4 13 23 18.8 u1000 52 14. TOP %.24
4 13 23 18.8 u1000 5.2 14. TOP 9.24
‘5 1323 22.4 u1000 TTEORTI
6 13 23 22.8 ui000 5.2 14e TOP 1.0¢
6 13 23 22.8 ui100d 5.2 14. TOP 5424
6 13723 22,8 Ui10010 5.2 14, T10P 9.2L
7 13 23 26.3 vui800 EOR I
8 13 23 2647 u1000 52 1i4e TOP 1.0¢
4 13723 26.7 T T TUiwmD 7T 5.2 i4. TOP 5e2k
8 13 23 26.7 u1000 5.2 14. TOP 9. 2¢
9 13 23 30.2 u10890 EOR I
10 13723 36.6 T TTUuLeee 0 T 5.2 14. TOP 1.0¢
10 13 23 30.6 uio00o 5.2 14. TOP S5e24
10 13 23 3ueb u1i009 562 14. TOP 9.24
11 1323 3.2 U1000 SOR I
12 13 23 34.6 uigoe 52 14, TOP 1.08
12 13 23 346 U1000 52 14e TOP 524
12 13 28 34.6 ~ T T Uigoo T T 5.2 14. TOP 9. 2%
13 13 23 38.1 U1000 EOR 1
14 13 23 38.5 VER: 1 ] 5¢2 14e. TOP 1.08
e 13 23 38,5 TUTTUULOENTT T TG Ake TOP BRI
14 13 23 38.5 u1000 52 1&. TOP 9.25
15 13 23 42.0 u1009 EOR I
16 13 23 w2.4 7 T7Tyigoe 5.2 1i&k. TYOP 7 1.0¢
16 13 23 42.4 uip00 5.2 14e. TOP 524
16 13 23 4244 u100d 542 14. TOP 9.2k
17 13 23 46.0 T TTy1080c 7 0 EOR T T
18 13 23 4b.b U1000 5¢2 14s TOP 1. 08
18 13 23 4604 u1600 5.2 14. TOP Se24
18 13723 w6, T~ T T TU3AC T T 5¢2 14, TOP 9.2L
19 13 23 49.9 U1000 EOR I
20 13 23 50.3 uig090 5.2 14. TOP 1.0¢
20 13 23 50.3 TTTTUTTTULee0 T U TTE e T Les TOP T Bl2k
20 13 23 50.3 U10060 5.2 1hke TOP 9. 24
24 13 23 53.8 Ui1sdy EOR I
22 13 23 S«.2 77T T uxeco T 5.2 14, TOP 1. 0¢
22 13 23 54.2 u1060 52 1k, TOP S5e24
22 13 23 542 V1000 5.2 1k, TOP 9.24
23 13.23 57.8 B VE Y 1 EOR I T Tt T
BOTTOM FIELD SIGMA = o0 N = 0 SUM = 0. SUM SQUARES =
TOP FIELD SIGMA = 21.6 N = 33 SUN = 177. SuUM SQUARES =
T AP = Te12.0 AR = 810340

T ~ 77 Figure 11, Sample Printout -
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- RV TESTS OF VECAS GA/M — DATE 5 27
i RANGE —RATE TAU  YALT IDNT PRERPY
1.08 &3 30.4 . 6.0 31C6 8 15. 199. TAU-TWO
5. 2% 19, 992.8 6.0 UICG B 15,199,
9,24 9., 3696.0 6.0 01C6 B 15. 199,
{.08 -{0. -388.8 bsU ' ¥ ¥ B 15, 232« TAU-THU
526 28. 673.7 6.0 01C6 B 15. 232.
3424 18, 1848.0 6.0 01CG B 15. 232.
1,08 20 19.4 6.0 01CG B 19. 205. TAU=-TWO
526 39. 483.7 6.0 01C6 B 13. 205.
9,25 =1, *264L.0 6.0 UICG B 19, 205,
1,08  1i. 353.5 6.0 01CG B 18. 226. TAU-THWO
5 2% =29, -650.5 6.0 ULICGC B 18. 226
9,26  =1i. *024.0 6.0 01C6 B 18. 226.
5e24 -2, *432.0 6.0 01C6 B 16. 282.
3,24 -9. *696.0 6.0 01C6 B 16. 282.
1.08 18, 216.0 6.0 01C6 8 18. 239. TAU-TWO
5020 «48. ~-471.6 6.0 01C6 B 18. 239.
9. 2% 3. ¥088.0 6.0 UICG B 18, 239,
1,08 =22, =-176.7 6.0 01C6 B 28. 232. TAU-THO
‘ - Dells =2 ¥4 32.0 be0 UB1CG B Z2U. 23l
‘ 9425 -2, %650.0 6.0 01C6 B 20. 232.
T 1,08 I3, =299.1 6.0 O01CG 6 20. &32. TAU=TWD
| 5424 ~11s *714.9 6.0 01CG 8 20. 432,
1 9.24 19. 1750.7 6.0 01CG B 20. 432.
‘ )
} 1.08 «3.  90.4 6.0 01C6 B 26, 230. TAU=THO
| 5¢ 24 4i. 460e1 6.0 0iC6 B 26. 238.
9.2 =32, ¥039.5 6.0 JICG B 25+ 230,
1,08  -10. =-388.8 6.0 31C6 B 15. 200. TAU-TWO
524 =ii. ¥7i%:9 6,0 0LC6E B 15. "200.
9. 2% 28. 1188.0 6.0 01C6 B8 15. 200.
1. 08 6. 3888.0 6.0 UICG B 27 22%s TAU=TWO
5424 22. B857.5 6.0 01C6 8 22. 224,
8.2 3. 3696.0 6.0 01C6 B 224 224.
WWARES = 3. BPRB = .0 BRPY = .0 KBK = O
\RES = 15933, IPRB = 18,5 TRPY = 245.5 KTK = 33

Printout - 3 targets (-81 dbm)
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mTmrT oo TAPE N3. 33 7 N.A.D.C. LABORATORY TESTS OF 1\
TIMc e . .
H: MIN 3:I3 JISPLAY ALT AZONE ANT RANGE 3
1 15 25 33.4 U109 IOR I
2 15 25 33.8 ©u106d 5.1 14. TOP 17
215 25 33.b Uisod 5¢1 14. TOP T TTZ.8Z T
2 15 25 33.8 U1ccCil 5.1 14. TOP 5432
2 15 25 33.8 UlaLd 5.1 1&4. TOP 7.83
2 15 25 349.8 y106d o 5.1 14. TOP 1J,.33
3 15 25 +3.3 U1GGd E0R I
b 15 25 w3.7 U1dCl 5.1 14, TOP 17
¢ 1525 43.7 u160) 5.1 14, TOP T 2.82
% 15 25 43.7 U106 5.1 14, TOP 5432
L 4 1 5 25 ‘03 . 7 . __-.__.,._._.__“_.,._._U_.j.'_‘}.p_q___._, o 5 . i 1‘0 'y T OP ? ° 83
¢ 15 25 43.7 u10Co ' T 5.1 1. TOP 10.33
5 15 25 4ie2 U133 EOR 1
5 15 25 47.0 o U10G) 5.1 1i4. TOP 017
& 15 25 47.0 U1Gc3 501 14. TOP T 2.82
6 15 25 4740 U1Gao 5¢1 14. TOP 532
B 15 25 47.5 U0 5.1 14, TOP 7.83
6 15 25 47.0 U1GG3 5.1 14. TOP 10.33
7 15 25 5i.2 uioca EOJR I
8 15 25 5is5 __U1Ga0D 5.6 14, TOP 017 -
'8 15 25 5i.0 uiGo) 5.C 14. TOP 2.02 N
8 L5 25 51.0 U166 5.0 1. TOP 5.32
8 15 25 51.0d i U160l 5.6 14, TOP 7.03
" B 15 25 S51.b U160 5.0 1ks TOP 10,33
9 15 25 55.1 ULGCJ EOR I
1015 25 55.5 U100 5.0 14, TOP 17
106 15 25 55.5 U160D 5.0 14. TOP 2.02
10 15 25 55.5 u1dcl 5.0 14. TOP 5632 -
10 15 25 55.5 ) U160l 5.0 14, TOP 7e32
1015 25 55.5 u1003 5.0 14. TOP 10. 33
11 15 25 53.% U10G) I0R 1
12 15 25 53.4 . U106) 5¢1 1u4. TOP 017 -
L2718 25 53 T T TTTULG0Y T 5.1 1&. TOP 2.82
12 15 25 53.4 U100l 5.1 14. TOP 5.32
12 15 25 53.4 uic00 5.1 14. TOP 7.83
12715 25 539.% U100) 5¢1 14. TOP 10,33
13 15 256 3.4 U1G039 Z0R I
14 15 26 34 U103) 5,1 4. TOP 17
1461526 3.4 U1G800 o 5.1 14. 1OP 2.82
14 15 26 3ot U100) 5.1 14. TOP 5¢32 -
i 15 26 3e4 u1060 Sei 14. TOP 7.83
14 1526 3.4 uiog, 51 1k, TOP 10. 33 -
15 15 26 5.9 V1060 I0R I
16 15 26 7.3 Vv100) 5¢1 14, TOP 17 -
16 1526 7.3 U1000 - 5e1 1Gk. TOP 2.82
BOTTOM FIZLD SIGMA = o0 N = 03 SUM = 0. SUM SQUARES =
TOP FIZL) SI3MA = 1649 N =35 Sud = 284, SJM SQUARES = 1
T AP TE 593,00 AR = 6790.0

Figure 12. Sample Printout - 5 t
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Y TESTS OF VECAS GA/M DATE 6 )
RANGE RATE TAU TALT IONT PRB™ RPY
17 3, =204.0 "~ 6.0 J1CG 8 ik, 172. TAU=ONE
T 2.82 28, 352.6 6.0 01C06 B ih. 172.
5032 ’30 '38‘#00 600 BiCG B 1'0. 172-
7.83 16, 1761.7 6.0 01CG B 14 172.
1J.33 38, 978.0 6.0 01C6 B8 1. 172.
17 27 22.7 6.0 01C6 8 16, 176, TAU=ONE
T 2.82 8. 1269.0 6.0 01Co B 16. 176,
532 32, 59845 6.0 J1CG B 16. 176,
7.83 41, 68745 6.0 01CG B 16. 176,
10.33 34. 1093.8 6.0 J1CG B 16. 176,
T 2482 “2. ¥07040 6.0 01CG B 18. 165,
5.32 25. 766.1 6.0 31CG B8 18. 185,
7.83 -3, *396.0 6.0 01CG B 18. 185.
10033 -80 ‘650305 600 !licG B 18. 185.
17 14, -43.7 6.0 J31CG B 15. 201. TAU-ONE
2.02 12, 606.0 6.0 1311C6 B 16. 201.
532 -7« *T736.0 5.0 01CG B 16. 201.
7.03 26, 97344 6.0 J1CG B 16. 201.
10.33 1. ¥183.0 be0 01CG B 16. 201,
17 be 153.0 6.0 01CG B8 11. 171. TAU-ONZ
2.02 25, 290.9 6.0 01CG 8 11. 171.
5032 "120 ‘595.0 Boﬂ 0106 B 11. 171.
7.32 26. 1263.6 5.0 01CG 8 11. 171.
16.33 2% 1543.5 6.0 O01CG B 11, 171,
17 -17. =350 6.0 01CG B 16« 185. TAU-ONE
2.82 10, 1015.2 6.0 J1C6 B 16. 185,
5,32 =3, *384.0 6.0 31GCG B8 16. 185,
7.83 21. 1342.3 6.0 01CG B i6. 185,
10.33 -50 "037.6 600 0106 B 16. 185.
17 Lo 153.0 6.0 01C3 8 20. 192. TAU-ON:Z
2032 ‘30 ’38'400 500 ﬂiCG B 700 1920
5632 =17¢ ¥*12b6.6 6.0 01CG B 20. 192,
7.83 =9, ¥132.0 6.0 01CG 8 20. 192.
10.33 -130 ‘860.6 600 ﬂiCG B 23. 192.
«17 -23. -26e46 59,4 J0#( 8C 22. 130,
2+82 1. ¥152.0 6.0 01CG B 22. 190.
ARES = 0. BPRB = +0 BRPY = «0 KBK = 1}
ES = 12139, TPRB = 16,2 TRPY = 183.5 KTK = 37

Printout - 5 targets (-81 dbm)
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TAPE \J. 33 NeA.D.C. LABORATORY T=STS
r IHE [ e —— - b b —
TTUYROMIN S5:0 DISFLAY ALT AZONE ANT RANGE
24 15 2. 32.0 U10GiJ Z0R I
25 15 2% 33.3 U106G) 5.1 1k, TOP I 4
725 15720 33.4 V160l 5¢1 14. TOP 1.31
25 15 2. 33.3 U106 5.1 14. TOP 2.32
g5 15 20 3340 u1oc3 ) 5.1 14, TOP 3. 32
T E5 15 23 33.0 5.1 14. TOP 4e32
26 15 20 33.C U1GG3d 51 14, TOP 7.32
26 15 23 33.3 U1603 51 14. TOP ~ 3.33
726 15 23 33.0 u1003 5.1 1b, TOP T 3,33
26 15 2. 3344 U1cco 5.1 14. TOP 16.33
26 15 2. 33.0 U1GG60 5.1 14. TOP 11.33
7726 15 23 33.0 Ui1c6) 5.1 14. TOP 12.34
27 15 23 3645 U1GcC?a EOR I
28 15 2. 30.9 Utuio 5.1 14, TOP .17
28 15 2J 3049 U10G) 5.1 14. TOP 1.31
28 15 27 3649 J10G0 5.1 14. TOP 2.32
28 15 25 35¢3  U10G) 5¢1 14. TOP 3.32
28 15 25 3249 51 14. TOP ke32
29 15 23 3b.9 V1063 5.1 14, TOP 7.32
29 15 25 30.9 1663 5¢1 14. TOP 8.33
29 15 23 3549 vU10CJ 5.1 14. TOP 3.33
29 15 20 3%.9 uiGos 5.1 14, TOP 15433
29 15 20 3649 1003 5¢1 14, TOP 11.33
TTT297Ls 25 3¥6.9 U103 0 5.1 14. TOP 12.33
30 15 25 w03 u10CJ EJR I
31 15 23 439 uiaco 5¢1 14. TOP .17
31 15 2. 4.9 u1G6) 5.4 14, ToOP - 1.31
31 15 20 4.9 U1GGo 5.1 1k. TOP 2.32
.31 15 25 4649 UiGG3 . 3s1 4. TOP _3.32
31 15 20 403 5¢1 14. TOP 4.32
32 15 20 4.9 U1CGs 5.1 14, ToOP 7.32
32 15 25 43.9 U1d0)J 3.1 14, TOP  3.33
32 15 26 45.9 uiocCl 5.1 14. TOP ~ 3433
32 15 20 5.9 Y1003 51 14. TOP 10.33
.32 15 2. 4409 uice) 5.1 14. TOP 11.33
32 15 20 45.9 Ui1GCo 5.1 14. ToP 12.34
33 15 25 4+e b U166 EIR 1
34 15 23 w8 U10G) L 5¢1 14y TOP W17
34 15 20 4+e8 U1d03 5.1 14. TOP 1.31
34 15 20 448 u1ccl 9.1 1&4. TOP 2.32
34 15 20 44.8 vigoy 5¢1 1be TOP = 3,31
3" 15 23 9-».6 501 1‘0. TOP 4.32
35 15 20 4+e8 U104al 5.1 14. TOP 7.32
35 15 20 4448 U100l 561 14, TOP  B.33
35 15 20 4.8 10032 5.1 1k. TOP 9,33
83ITTOM FIELD SIGMA o0 N = 0 SUM = (1 SUM SQUARES =
TOP FIclLD SIGMA = 2445 N = %1 SJM = 95, SUM SQUARES = i
TR = 597.3 AR = 7851.0 T
e - - e Figure 13. Sample Printout -
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'R¥ T=STS OF VECAS GA/M DAT:Z 6 )
RANGE  RATE TAU TALT IONT PR3 RPY
17 -31. -19.7 6.0 01CG B 26, 202. TAU=ONZ
TTTTYU3T TTe13. -362.8 be0 J1C6 B 26. 202. TAU-TWO
2432 3G, 2784 6.0 01CG 8 26, 202,
3.32 18. 65440 6,0 2J1CG 8 26. 202,
T 4.32 6. 2592.0 6.0 01C6 B 26. 200.
7.32 22, 1197.8 6.0 01CG 8 26, 202,
8.33 Ske 55543 60 01CG B 25. 202
" 3.33 11. 30653.5 6.0 31CG B 26. 202,
16.33 0., ¥188.0 6.0 01CG B 26, 202,
11.33 22. 1854.0 6.0 051C6 B 26. 202
1203‘0 8 ’5—-53.0 bel ]1CG B 26. 2020
«17 -20. ~3046 6.0 31CG 8 15. 211. TAU-ONZ
1.31 <17, 2774 6.0 01CG B8 i5. 211. TAU-TWNO
232 «8s ¥0bisel 6.0 01C6G B 15. 211.
3.32 -15, =735.8 6.0 01CG B 15. 211.
ke 32 3. 518440 6.0 J1CG B8 15, 200,
7.32 29. 9G8.7 6.0 01C6 B 15. 211,
8.33 36. 833.0 6.0 J1CG ) 15, 211.
3,33 T Te21. *599.,4 6.0 01C6 8~ 15, 211, 7
10.33 25. 1487.5 6.0 31CG B 15. 211.
11.33 ‘80 '09805 600 01CG B 15- 211.
12,33 5. 8877.6 6.0 01CG B 15. 2ii.
17 1. 612.0 b.C_31C6 B 13. 184. TAU-ONE
TR, 3L T =21, -22446 p.0 01CG B 10. 184. TAU-TWD
2.32 '80 ‘0‘0“.0 600 DICG B 100 18".
3432 25. 478.1 6.0 01CG 8 10. 184,
T332 ""Be 194440 6.0 J1CG 8 10. 100.
7.32 39, 67547 6.0 01CG B 10. 184,
8,33  =12. *49%.0 6.0 31C5 B 10. 184,
TTTT3,33 T =9, ¥732.D .0 1231CGC B 10. 18G4,
10,33 55. 6761 6.0 3J1CG 8 10. 184,
11.33 6. 5798.0 6.0 31C6 B8 10. 184,
12.34 be 740k4al 6.0 01CG B 10. 184,
17 10 612 6.0 01CG B 17. 183. TAU=-ONE
1.31 37. 127 .5 5.0 1J1C6 B 17. 183. TAU-THWO
2-32 ’2‘00 °3‘0800 608 0105 8 170 183.
3.31 5. 2383.2 6.0 11CG 8 17. 183,
%632 =26s =538.2 6.0 01CG B i7. 100.
7.32 '360 ’73200 6.0 JICG B 17. 1830
8433 =34, =-882.0 6.0 01CG 8 17. 183.
79,33 “47. ~=T1iheb 6.0 04CG ) i7. 183,
UARES = 0. BPRB = .0 BRPY = o0 KBK = 0
.RES = 24183. TPRB = 17.0 TRPY = 1891.5 KTK = &1

Printout - 11 targets (-81 dbm)
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ADJACENT CHANNEL REJECTION

""Adjacent Channel Rejection: Shall be such that at any level over the dyna-
mic range of paragraph 2. 3, a video reply signal in the desired data channel
shall result in a signal in the undesired data channel which is 70 percent or
less than the threshold of the undesired data channel." (2. 14)

A test for Adjacent Channel Rejection was niade during acceptance. Over the
maximum range of the calibration generator the signal in the adjacent channel did not
exceed 70 percent of threshold. :

REPLY TO OWN PROBES

""Reply to own probes accompanied by receipt of those replies due to signal
reflection from ground, water or other structures: design of system logic
shall be such that at any altitude over any reflecting surface, the replies
will not be processed in the threat logic." (2, 13)

It was impractical to connect a coaxial cable between the top and bottom antenna
ports because the r-f attenuation in the cable for the required range would be too
great. Therefore, the blanking signals were observed on the correlator transmit con-
trol board. Analysis shows that the RCA solution to the self-interrogation problem
should work, although a flight would be required for absolute conformation.

ALARM DISPLAY CONSISTENCY

"Alarm Display Consistency: For all range rates from -70 to +1000 knots
with SFL injected and over the dynamic range of paragraph 2. 3, once the
TAU 2 threshold has been crossed (assuming the commands are not obeyed)
the correct TAU 2 and TAU 1 alarms will be displayed with a probability

of 99% updated every 4 seconds from the range corresponding to the initial
TAU 2 threshold crossing to 0.5 nmi opening. " (2. 5)

The specification requires operation over all range rates from -70 to +1000 knots.
This includes a 99 percent CAS display reliability from the Tau Two threshold crossing
to a 1/2-nmi opening. The VECAS GA/M could successfully track inbound targets at
1500 knots, which is the maximum range rate obtainable from the calibration generator.
The inbound to outbound crossing is beyond the capability of the calibration generator,
although outbound targets can also be tracked to 1500 knots.
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DISCUSSION

The following items are intended as follow-up éxplainations of the Notes and
Observations recorded concerning the 1972 Full VECAS equipment as reported in
Report NADC-74207-60.

1. The round time has a significent effect on the warning time. In the VECAS GA/M,
the round time, no longer a variable, is fixed at 3.9 seconds. The use of the larger
correlator and multiple trackers made this possible.

2. The elimination of the test track prevented the loss of the first Tau Two advisory
for at least one round time due to a false dismissal of a threat due to test track range
rate inaccuracy. The elimination of the test track also contributed to the reduction
in the round time.

3. The old full VECAS experienced a problem when an aircraft is within 1000 feet of
the ground, i.e., the VECAS communicates with itself. This is because the interroga-
tions from each antenna reflect off the ground and are received by the other antenna,
The replies are returned via a similar path. This could cause an extension of the
round time (in the old equipment) and more importantly, a false Tau One command.

Ome solution to this problem involves comparing the identity of the target to the
VECAS's own identity and discarding targets with the same identities. However, this
solution will work only if the data message is decoded correctly. RCA has implemented
a different solution to this problem. During correlation, when the VECAS GA/M is
probing through one antenna, the probe receivers on the other antenna are blocked;
therefore, the VECAS GA/M will not reply to its own interrogations. This solution
should work, although it could only be demonstrated by flight tests.

4, The exact co-altitude situations can cause potential problems, as in the case where
two aircraft on a collision course at the same altitude simultaneously or nearly simul-
taneously track each other inside the Tau One Boundary. The possibility exists that
both aircraft will bias their altitude transmissions in the same direction. This could
lead to the case of alternating bias directions and .alternating commands, expecially

in the case of fixed round times. However, the round times, although fixed, are

short (3.9 seconds) and in a dynamic situation this problem should be resolvable.

For those rare cases of co-altitude indeciveness, additional logic must be added to
make sure biasing and thus commands are complementary and opposite.

5. The old full VECAS compared the identities of all targets tracked in a round, and

if the identities are the same the target tracked last is assumed to be a multipath tar-
get and is discarded. This could cause the Tau One maneuver command to be one
round late when the same target is tracked in both fields. The proposed solution to
this problem was to use identity to discard targets in only one field. The VECAS GA/M
does not use identity for any purpose. Because of parallel trackers and thus the fixed
round time, the occurence of multipath targets does not extend round time. If
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idontity were to be used to eliminatec multipath targets, it could be done in the same
wuy us proposod bofore.

6. In the old full VECAS equipment, an imbalance could occur in the theoretical
threat range at the high~band/low-band boundary. This was partially the fault of the
original design before altitude encoding was incorporated. The new VECAS GA/M re-
ceiver configuration is designed around altitude encoding in that the probe receiver
thresholds are determined by own altitude, and the reply receiver threshold is deter-
mined by the particular altitude being illuminated. Thus, when a VECAS GA/M at
9,500 feet interrogates a target at 10,500 feet, the targets probe receivers are at

full high-band sensitivity (~87dbm) and the interrogator's reply receiver is also at
full high-band sensitivity. Because the VECAS GA/M has a full range correlator of
nearly 13 nmi for all targets, this boundary case situation would have the same com-
munication link as if both interrogator and target were in the high band. For the oppo-
site case where the interrogator is at 10,500 feet and the target is at 9,500 feet, the
link sensitivity is the same as if both aircraft were in the low band, although the full
length correlator is still being used. It still might be advisable to have a new full
VECAS increase its probe power by 3 db and increase its receiver sensitivity by 3 db
for the case of probing the low band when the interrogator aircraft is in the high band.

7. The main effect of multipath targets on the old full VECAS was to increase the
round time. The VECAS GA/M has multiple trackers and a fixed round time which
multipath targets cannot increase. Although occasional illumination of the wrong
altitude zone might still take place, this additional effect cannot now increase round
time. :

8. The VECAS GA/M was designed to conform as much as possible with ANTC 117
(reference e). The co-altitude bands are + 600 feet when below 10,000 feet and + 800
feet when ahove 10,000 feet; however, the only non-co-altitude bands are less than
3300 feet above and below. The Tau threshold values are modified slightly in the pro-
totype VECAS GA/M from 40 seconds to 39. 96 seconds and from 25 seconds to 25. 04
seconds. The range offsets of 1. 8 and 0. 25 nmi are retained alone with the Tau One
minimum range of 0. 5 nmi and the predicted co-altitude command.

9. The VECAS GA/M does incorporate a memory to remember the threat levels from
the preceeding round of traffic. Because of this, a loss of communication in one
round will not cause an advisory or command display to be extinguished. However,
this does not delay the presentation of an advisory or command from a '""pop-up" tar-
get because the change in threat level from a less threatening situation to a more
threatening situation will be displayed at the end of the first round.

10. In the old full VECAS, very strong signals from a target aircraft spilled into the
adjacent channel, which would look like the occurence of plus and minus replies

simultaneously. This would lead to the assumption of co-range targets and could cause
an extension of the round time. In the VECAS GA/M, adjacent channel crosstalk
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does not cause co-range tracks. The only effect is the possible data degradation due
to missing bits (simultaneous ''one'' and ''zero'").

A strong signal can cause adjacent channel crosstalk because some of the spec-
tral content of the pulse type signal occurs in the other channel. When the pulse in
the main channel has reached limiting, the maximum amount of signal from the pulse
that can exist in the adjacent channel is now controlled. The threshold is adjusted so
that the signal level in the channel adjacent to the main channel will not cross the
threshold. This means that even with a perfect filter there is going to be some cross-
talk because of the spectral content of the pulse, and this level cannot be reduced. If
the filter on the adjacent channel has a wide enough skirt which covers part of the pulse
spectrum in the main channel, then an additional amount of energy can appear in the
adjacent channel. With the SAW filter, the theoretical limit is approached where the
skirts problem is eliminated by controlling the SAW filter selectivity. Thus, the
energy remaining in the adjacent channel is that caused by the pulse spectrum itself.

A strong signal could cause the assumption of co-range targets in another way.
A strong signal occupies more time and could appear in several bins. Because the
VECAS GA/M does not have a variable round time, the only effect of a strong signal
level is to cause the utilization of a parallel tracker for the trailing edge track.

The following notes and observations are new items:

11. A problem developed during the laboratory tests was the occurence of very large
range rate errors and poor data reliability. It was actually a lost track in the middle
of a track. This was caused by the loss of data returns from the calibration generator.
The blanking in the VECAS GA/M was improperly adjusted, so that the crosstalk noise
was causing the transmitter to fire again and put out what was essentially another
probe pair, not necessarily on the correct frequencies. The crosstalk was causing
pulses to come out of all receivers, especially the probe receivers, and these were
guaranteed to decode because they were at the same spacing as the probes which had
been sent out. The timing was such that the VECAS GA/M had not switched the timing
control from the probe mode, so that another set of probes (instead of replies) was
transmitted on any possible probe frequency. The calibration generator would then
receive another probe which might be a different frequency than the first probe. The
calibration generator could then reply with the wrong frequency. The result would be
that the VECAS GA/M would not get an answer on the target, therefore it would lose
track and then perhaps track on fruit and move off the target with the result of a lost
track. This is a consequence of the way the calibration generator is built. It is not
designed to accept fruit, and this second probe is essentially probe fruit. The blanking
was readjusted so that the transmitter crosstalk was prevented from effecting the
logic.

12. The VECAS GA/M by design is 3 db less sensitive than the old full VECAS; how-
ever, the power output as measured is approximately 3 db stronger in the VECAS GA/M.
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Therefore, the communication range between two VECAS GA/M's should be the same
as the communication range between the experimental VECAS's as reported in refer-
ence a. The old experimental VECAS could correlate out to 15 nmi (28 kilometers).
The VECAS GA/M is designed to correlate to less than 13 nmi (24. 1 kilometers).

13. The centroid tracker was left out only on the basis of its slight extra cost. The
goal was absolute simplification of the VECAS GA/M tracker. Any future equipment
would have a centroid tracker. This would reduce the range rate one sigma value in
high band down to the value at low band with an additional slight reduction in range
rate error in the low band. The leading edge/trailing edge track would only be used
for co-range targets. The centroid track is less sensitive to noise and fruit because
it uses the centroid of the waveform where the leading edge tracker will use the
leading edge of a small signal ahead of (in time) a normal signal.

14. Although the specification is not explicit, the SFL is understood to apply to the
low-band case (below the 10, 000-foot altitude). Since the quantity of aircraft within
radio range in the high band is only approximately 4 percent of the total in the 1982
Los Angeles Basin Standard Traffic Model (appendix A of reference a) the resulting
amount of fruit replies is also much less.
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. APPENDIX A

RCA DESCRIPTION OF THE VECAS GA/M

2.1 TECHNICAL DESCRIPTION SUMMARY

The VECAS-GA/M flight test equipment is configured to be compatible with the existing
three experimental VECAS equipments. This is accomplished by using the same data
message format of the previous equipment rather than the new code format intended for
production equipment. To insure reliable system operation a majority of three voting
logic has been incorporated. This results in a processing power which in the same noise
or fruit signal environment is equivalent to the'Hamming code. The penalty of the slightly
increased logic complexity is offset by the ability to communicate with the exis'ting exper-
imental VECAS units. '

The use of the new 393 ms basic track format in conjunction with a simple wire change in
the VECAS will permit reception of the altitude portion of the message which is required
for threat analysis, and the identity which is recorded for test data analysis. The identity
and altitude bits is still transmitted to the VECAS equipment by VECAS-GA/M.

The package size for these first models of the VECAS-GA/M 1is a 3/4 ATR short and con-
tains the complete system. The RF assembly is a custom integrated package, and the pro-
cessing logiq is fabricated using existing low power consumption elements and MSI, and LSI
circuitry. '

The output display interface is plug compatible with the VSI-CAS indicator used on the
VECAS equipment; however, a simplified threat logic combines those appropriate signal
lines to produce the fewer required displays. An alternate CAS only display of a simple

arrow and "X" type can be used with the selected interface.

The VECAS-GA/M requires only the two antenna radiators, the output display, the own
ship's altitude from the digital altimeter, and primary power as interface signals.

A-1
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The following 18 a list of the significant parameters of the VECAS~-GA/M flight test
equipment.
1) Two antennas, maximum cable loss 2 db

2) Altitude encoding used, 7 zones, below 10K ft, 500 ft. zones, above 10 K ft.,

1000 ft. zones, above 30K ft. common zone

24) Level - own +3,double probe own and adjacent

Climb/Descend - own -2 +4 in direction of change double probe own and

adjacent
3) 13.0 nautical mile correlation, tracking range
4) Communication range 15 nautical miles (16 watts panel power probe/ reply)
5) Fixed gain receiver, no AGC
6) Coherent Detector - amplitude linear
7) Top and bottom antennas in all altitude zones for correlation
7A) | a) ""OR'" correlators so no lost targets

b) Use antenna of first one field target

c) If both fields identical - use top for up zones and bottom for down

zones
d) Three co-altitude zones - separate tracks with each antenna
8) 2000 pps gorrelate, 1000 pps track, 50 pps idle
9) Threat logic processing
a)  Only one limit for climb or descent rates (1000 ft/min)

b) Tau 1 and Tau 2 detection
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c) Altitude unlimited
d)  Display, standard VSI/CAS or CAS "X", arrow

e)  Display information: Climb/descent limit indication NO TURN,
LEVEL, CLIMB, DIVE (held through 2 rounds, update end of

round)

10) - VECAS GA/M provides full warning time for climb/descend rates up to
4000 ft./min '

11) Size: 3/4 ATR short

12) Weight: 20 lb. max
2.2 SIMPLIFIED TECHNICAL DESCRIPTION
2.2.1 Correlator

The capabilities of the VECAS-GA/M equipment are accomplished with processing hard-
ware by the application of several newly developed techniques. Correlation time is reduced
and the hardware is simplified through the use of a new full range correlator logic system
which is capable of detecting all the targets in any desired range length in a time period
equal to the sampling period times the number of desired correlation probes. This per-
mits the full range of both fields to be correlated in thé same 25 ms that was previously

used for a 1,25 mile segment in one altitude zone.

The correlation technique previously used in the SECANT equipments required an individual
up down counter for each of the range bins. The resultant circuit complexity caused a lim-
itation in the number of bins that could be implemented in the system, and therefore, the
total range was examined sequentially as a series of sectors. The sector scanning approach
correspondingly required an overlap as targets were detected and resulted in extending the

system round time.
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The full range correlator technique is shown in simplified block diagram form in Figure 1.

The incoming signals are detected and are clocked into an arithmetic logic circuit as the -
least significant bit. All other bits for that input of the parallel adder are zero. The second
input set of the adder are supplied from the outputs of several serial shift registers whose
inputs are the output of the adder. The number of shift registers required is dependent on
the desired number of correlation counts to be considered. The example shown uses six
registers to count to +25. Since shift registers are not constrained by pin limitation of

most LSI circuits, relatively long counts are readily available. This permits sufficient
storage elements or bins for the entire system range. The outputs of the shift registers

are monitored by a digital comparator to detect the desired correlation threshold. When
this 18 equal or exceeded a target has been detected and is handed off to the range tracker.

This technique, also will significantly aid the transfer of the correlator design to custom
LSI form. /

2.2.2 Multiple Target Tracker -

A most important concept of all the SECANT trackers is the fact that the ra.ngé measure-
ment 18 made directly from the Initiating pulse to the target video. The tracker servo
system only provides a moving time gate which acts to filter out undesired pulses and, there-

fore, does not introduce any servo error into the range, range rate, or Tau computation.

The multiple target tracker is based on the principal that a bit in a long shift register can
represent a target and its range, if the range is expressed in units which correspond to the
bit time of the shift register clock.

The VECAS GA/M tracker employs a 1560 bit shift register clocked at 9.71252 MHz, which

is given 1560 clock pulses following each probe transmission. After the final clock pulse

the register is static until the next probe transmission. The clock frequency has been -
selected to make each bif position in the register equal to 50.65 ft. of range. With 1560

bit positions In the register this makes the maximum range of the tracker 13 nautical

mliles.
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To perform the function of tracking, the position of a target bit in the register must follow
any changes in range of the target during the track period. This is accomplished by ad-
vancing or retarding the targét bit location in the register while tracking. »

Figure 2 is a block diagram of the tracker which will assist in explaining how it operates.
Notice that the 1560 bit shift register is comprised of 2 parts: a 1544 bit section which is
strictly serial; and a 17 bit section where access to the target bit is available.

During correlate the shift register is cleared to the all zeros state. . Following correlation
there is a 1 ms interval called correlator hand off where the tracker shift register and the
correlator shift registers are rotated in synchronism. At this time a target bit is entered
into the tracker control register for each target which the correlator found. The time at
which each bit is transferred is a function of the range at which the correlator found the
target. The nearest target is entered first and the farthest target last. The target bits
are circulated through the entire shift register once each probe time during the acquisition
and track perilods.

All control of the tracker is performed by the passage of a target bit through fhe control
register as follows. When the bit appears at tap 1 of the registér, two flip-flops called
LETG (Leading Edge Track Gate) and EG (Early Gate) are set. When the bit appears at
Tap 5 EG is reset. At tap 6 a flip-flop called DG (Data Gate) is set and at tap 11 LETG

is reset, DG is reset by the target bit at tap 14. ‘The target bit exits the control register
and enters the main shift register by Way of tap 15, 16, or 17 depending on decisions made
in the servo logic. LETG defines the time when the digital video line is sampled. The
sampled digital video leading edge is compared against EG, tap 5 of the control register
and DG and the results of the comparison used to select the exit tap for the target bit.

If the leading edge of the video occurs during EG the target bit is late, and exit tap 15
is selected. This means that the next appearance of this particular track bit (following
the next probe) will be advanced 1 bit time which is the equivalent of moving it 50 feet -

nearer in range. .
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FIGURE 2., SECANT VECAS GA/M MULTIPLE TRACKER
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If the leading edge of the video océurs while the target bit is at tap 6 the tracker is on
target and exit tap 16 1s selected. The relationship of this target bit and the video will

be unchanged on the next appearance.

If the leading edge of the video occurs during DG the target bit is early, and exit tap 17
is selected. The next appearance of this target bit will be delayed 1 bit time which is
the equivalent of moving it 50 ft. further in range.

The process described is repeated for every target bit each probe time. Because each
target bit sequentially activates the same logic the tracker may be used for many targets.
The only limitation is that 2 target bits may not occupy the control register at the same
time. In the event that 2 targets are within 800 ft. of the same range their target bits

would occupy the control register simultaneously.

To avoid this possibility the auxiliary control register is provided to handle co-range
targets. This register is similar to the control register described above except it is
designed to track the trailing edge of the digital video pulse returned from the target
and i8 used only for targets that are designated as co-range by the correlator. To
remember which targets are co-range the target counter and Control RAM are used.
During correlator handoff a bit is written in the RAM for each target designated as co-
range. The RAM output is used during track to determine whether a target bit goes to

the regular control register or to the aux control register.

Operation of the aux control register is the same as described for the regular register
except that the trailing edge of the video pulse is used. The timing diagrams opposite
each control register in Figure 1 illustrate and clarify the operation.

The Multiple Target Tracker also consists of a Multiple Tau Detector. This circuit de-
termines which target possesses a tau less than some critical value. This is accomplished
by counting each hit position in the shift register and sampling that count each time the video

pulse appears within the track gate. This count represents the range of the target
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quantized in 50 ft. increments. This range is then processed by an arithmetic unit

to implement an algorithm associated with the detection of a critical tau. The range sampling
and corresponding processing occurs once each probe interval of the track period. Af the

end of the track, the final result of the arithmetic processing for each target is sampled

to determine which targets have a critical tau. The arithmetic unit consists of a 20 bit

RAM, a 13 bit adder, and a 20 bit subtracter. The number of different targets the Multiple
Tau Detector is able to process is eqﬁal to the number of RAM address locations. By using
three 64 x 9 bit RAMS, 16 targets can be processed.

2.2.3 Track Cycle and Round Time

The experimental SECANT VECAS used range, range rate, and thg reception of data‘for

the threai: analysis and required the operation of an individual tracker for each aircraft
target for 0.4 seconds each round time. Therefore, the cost effective trade-off between

the number of trackers and the round time 1n dense traffic was the subject of many analyses.
Using the FAA-MITRE Standard Traffic Model for LAX 1982 and selecting the dense part

of snapéhot 3, it may be observed that there are 61 aircraft within 7.9 na,uticél miles of a
spot with altitudes between 500 feet and 4000 feet. Although many of these are in takeoff

or landing phase at smaller airports, it is used as a worst case model. In only two altitude
zones would this equipment not track all of the alrcraft in that altitude zone. These two air-
craft would be tracked in the first round that they are included in the first 16 aircraft.

A round time analysis using a sixteen track capability is shown in Figure 3.

A second dense region more typical of regions with less active small airports is shown

in Figure 4,

The VECAS-GA/M equipment with its nnique multitarget tracker provides a optimized solution

to the problem since it can handle each of the examples with a round time of 3.93 seconds.

2.2.4 VECAS-GA/M Multiple Data Receiver

Since VECAS-GA/M has the capability to determine Tau for up to 16 targets simultaneously
during a track, system balance requires that altitude information for each of these targets
be available at the end of the track. The multiple Data Receiver accumulates this data for

eé.ch of the 16 targets for which the multi Tau detector is computing Tau.
A-9
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SNAPSHOT #3 14.5 NM 829°
DENSE REGION (VAN NUYS REGION)

NUMBER OF MULTI TARGET TRACKER
LAYER AIRCRAFT IN 7.9 NM ‘ 16 AIRCRAFT
1 0
2 3
3 4
4 1
5 2 .393
6 6 .393
7 adjacent 10 .786
8 own 2 .786
9 adjacent 6 . 786
10 4 .393
11 4 .3938
12 4
13 2
14 2
15 1
16 0
17 0
18 4
19 0
20 1
3.933 sec.
FIGURE 8.

ROUND TIME -~ STANDARD MODEL
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SNAPSHOT #3 21.0 NM 145°
10 ALTITUDE LAYERS

TRACKERS OR

500' TARGET CAPABILITY
LAYER AIRCRAFT IN 7.9 NM ' 16
1 6
2 5 . 393
3 9 .393
4 adjacent 17 .786
5 own 20 .786
6 adjacent 4 .786
7 3 .393
8 3 .393
9 2
10 2
11 0
12 0
13 0
14 0
15 2
16 1
17 1
18 1
19 1
20 0
Round time with 1 or more - 3.933 sec.
aircraft in each altitude
layer

NOTE:

1

Two altitude layers have more than 16 aircraft and those
beyond #16 are not tracked this round.

- FIGURE 4.
ROUND TIME - STANDARD MODEL
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The multiple Data Receiver containsv six 1024 biti\IOS RAM chips. “T.he 4017)11: RAM- dddress
counter in the Multi Tau Detector and the six bit probe counter addresses the RAM. During
the track period, each time the Tau Detector computes a partial factor of the Tau for one
of 16 targets, the data bit from that target is entered into the RAM. The Data Bits are
entered into the RAM as 2 parallel bits coded as follows:

REC DATA BIT

ONE 0 1
ZERO 1 0
MISSING BIT 1 1

The track probe sequencé is programmed so that three copies of a 57 bit message are
accumulated in the RAM during the track period. ‘

At the end of the track period the RAM address counter and the probe counters are stepped
to examine the Tau value for each target which is now residing in RAM and to read out the
area of Data RAM containing the data for that target. The read out is arranged so that the
three copies of the message can be examiined in parallel at the output of the RAM. The con-
tents of this RAM area are transferred through a majority logic block which combines the 6
parallel bits into a single corrected bit stream which is entered into a 57 x 1 shift register.
This shift register has a header decode associated with it and once it is loaded the contents
are rotated until the header is detected. ' |

The altitude of this target can now be handed off to the threat logic together with an indi-

cation of Tau 1 or Tau 2.

2.2.5 Use of Tau 1 and Tau 2 in Collision Warning

The ANTC-117 threat logic has had more theoretical analysis, computer runs, and air
tests than any other logic. It has had the benefit of analysis by equipment manufacturers,
government technical representatives, and user groups including the airlines. Although
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there are several aspects of this logic that should be updated, it still remaing the only
logic that is known to be acceptable for the collision avoidance problem. High on the
list of possible changes to this logic is operation in high density traffic areas.

If a completely new threat logic is proposed, it must undergo analysis by most of the

same groups and cannot expect to be approved without a through inspection.

Recently, emphasis has centered upori the operation at the maximum aircraft density in
location, altitude, date, time and flight conditions. The maximum chosen is a point about
10 miles southeast of LAX, at 6000' MSL, at 12:35 local time, under VFR conditions using
the FAA-MITRE Standard Traffic Model for LAX-1982. The SECANT system will operate
in this high density traffic.

The description of Tau 1 is that an aircraft is either co-altitude or predicted co-altitude,
whose range is either less than 0.5 nm at any closing velocity or is at a condition less

than 25 sec. from an offset point of 0.25 nm from your aircraft. The formula for this
Range -0,25 nm
Range Rate
range.

<25 sec. This formula controls when the aircraft is beyond 0.5 nm

Values at typical closing rates are:

Closing Velocity Tau 1
Knots Range
50 .60 nm
100 .94
200 1.64
330 , 2.5
500 3.7
1200 8.6
2400 \ 16.9
3600 25.3
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The description of Tau 2 is that an aircraft is either co-altitude or predicted co-altitude,

whose condition is less than 40 sec. with a 1.8 nm offset. The formula is:

Range -1.8 nm

<40 seconds

Range Rate
Typical values are:
Closing Velocity Tau 2
Knots Range
50 2.4 nm

| 100 2.9

200 4.0

330 5.5

500 7.4

1200 | 15.1

2400 28.5

3600 41.8

Tau 2 has an Importance to this ANTC-117 threat logic that surpasses the usual one of
pllot alerting. This caution signal by the instruction of limiting turns and excessive
vertical speed, stabilizes the geometric problem so that it is possible to effectively
obey any resulting Tau 1 command to climb, descend, or not climb/descend. Without
Tau 2 the situation has not been stabilized and much less meaning can be attributed to
the Tau 1 indication.

While it is premature to make a final judgement, it appears that a system lacking the
caution mede 1é unacceptable to the system analyst and to the alrcraft pilot. A system
whoee design 18 not capable of generating these cautionary signals would be unacceptable
even though all of its othet characteristics are satisfactory.

In VECAS-GA/M the compromise is to limit the number of the targets processed to the
nearest 16 aircraft in each 500 ft. altitude zone while operating in a dense traffic situation,

and to inciude a Tau 2 indication as the cautionary signal.
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2.2.6 VECAS-GA Threat Logic

The threat loglc receives tau signals and altitude from the data link and tracker. Data
on targets exceeding a Tau threshold are handed off to the threat logic in the order of

range.

The threat logic continuously receives own altitude data from the plane's altimeter, up-
dating it every thirty milliseconds. This data is converted from its special grey code to
binary for use in the arithmetic unit. This is done at a 250 kHz rate and is finished in
128 usec (96 usec is the minimum possible but hé.rdware considerations make 128 usec

a better choice). The binary altitude is monitored for any change in value, and the time
between changes is used to predict the planes altitude in 30 seconds. This process takes
1.032 millisecond. When the aircraft is changing altitude at a rate greater than 500 ft.
minimum, the threat logic will be busy for a maximum of 1.032 milliseconds every time
a change occurs (max of 1 per second). Most of the time it will be busy for 128 pseconds
every 30 milliseconds. The rest of the time data can be accepted from the tracker and
data link for input to the arithmetic unit. The altitude difference is calculated in parallel
and presented to the threat logic temporary store which can hold two targets. This store
is cleared at the end of every round time when its output is transferred to the permanent

store.

A decision 1s made to see if each new target is a more serious threat than either target in
the store and it replaces the least serious threat target already stored. In the case of two
targets already stored one above and one below, the comparison is made, above against
above, and below against below only. If both stored targets are vabove and the new one is
below or vice versa then the new target always replaces the least serious threat in the
store. The evaluation of the threat for seriousness is based on the altitude difference and

tau, This logic functions the same as the present VECAS equipment.

This process is repeated for each target until each is evaluated. The final result is held in

the temporary store until the end of round time and then transferred to the pilot's indicator.
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Only two bands above and two bands below ére used in the threat logic; they are co-altitude,
above and below (600-800 ft.) and <3300 feet above and below. Planes that are not co-altitude
and <3300 feet and & tau 1 or 2 give an advisory command that someone can become a threat .
if one'os own altitude is changed. A predicted co-altitude gives a command as in the present
VECAS. The present VSI/CAS indicator can be used for the test by connecting its present *
inputs to the proper VECAS-GA/M outputs. A lower cost CAS only indicator is advisable

for a final system.

2.2.7 General

The VECAS-GA/M flight test model signal processing logic has been fabricated using
standard integrated circuit logic elements. The majority of the circults use the very low
power consumption COS/MOS devices with a small percentage of TTL devices where higher
operating speeds are required. The logic is assembled on custom double sided etched cir-
cuit module boards, and is contained in a single module nest occupying approximately one
half of the total package. It is expacted that the production version of this equipment will

be significantly reduced in size by the conversion to custom LSI eircuits and the use of hy-
brid assembly technology.

The new multitarget processing logic which is greatly simplified from that used in the
experimental VECAS equipment results in sufficlently low power consumption that the
entire miniaturized power supply occupies less than 140 cubic inches or about one fourth

of the system package. This highly efficient switching regulator supply configuration is
provided in a 115v, 47 Hz to 400 Hz input line model.

The remaining one quarter of the package volume contains the custom communication
asgsemblies. The transmitter/receiver RF and IF package which has the full twenty-four
frequency capability of the VECAS equipment requires less than 70 cubic inches as does

the channel selection filters and detector assembly.

The complete VECAS-GA/M flight test unit less the pilots indicator is contained in a standard
3/4 ATR SHORT equipment case which is 7.6 x 12.6 x 7.5 inches. ¢
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2.2.8 Special Remitter Function

Since it 1s desirable during the flight tests to conduct tests of an additional member of the
SECANT family, the REMITTER, which would be the minimum equipment required to fly

in a cooperative airbofne CAS environment. The GA/M flight test model contains provision
to switch off all probing and related functions. These are the transmitted probes, cor-
relation, tracking, threat logic and pilot display. Only the probe detection including altitude
decoding and transmitted replies will function. The unit in this REMITTER mode will respond
to any probe directed to its altitude and reply using the SECANT format to glve altitude and
identity information to the tracking aircraft.
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APPENDIX B

SECANT VECAS GA/M FLIGHT TEST PROGRAM OBJECTIVES
Determine the communication range and communication reliability.

Test the repeatability of the communication range and communication reliability
data.

Determine the ability of the VECAS GA/M to derive the altitude difference of a
target and specifically to correctly place the target as above or below and
co-altitude or non-co-altitude or non-threatening altitude.

Determine and compare the ability of the VECAS GA/M and full VECAS to
communicate with each other and provide complementary and correct
avoidance maneuver commands.

Determine and evaluate the accuracy of hazard recognition, generation of
warning and advisory information, suitability of avoidance maneuvers for
Tau and minimum range warnings, and avoidance maneuver excursion.

Determine the ability of the VECAS GA/M to measure range and range rate to
other SECANT equipped aircraft.

Determine for two aircraft encounters, generation of warning or advisory
signals with aircraft in turning maneuvers.

Determine, for two aircraft encounters, generation of warning or advisory
signals with aircraft ascending or desending.

Determine, for three aircraft encounters, the accuracy of hazard recognition
of each intruder, the generation of warning and advisory information
using the three aircraft logic, the suitability of advisory and command
information, the suitability of avoidance maneuvers, and the avoidance
maneuver excursion.
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- APPENDIX C
| SECTION 2.0
Py VECAS-GA/M SPECIFICATION
2.1 Power Output: > 42 dBm
+ 2.2 Receiver Semsitivity: < -81 dBm below 10,000, < —87 dBm above

10,000 foot altitude for 95% probability of measuring correct (P"“‘“a"')
altitude, range, range rate and identity with 50,000 probes per
second per field above threshold, and 300,000 replies per second

per field above threshold injected at the front end of the

receiver. The 50,000/300,000 above threshold combination will be
referred to throughout this document as SFL (Standard Fruit Level)
and represents worst case,K conditions in the MITRE 1982 traffic

model as established by RCA simulations.

2.3 Dynamic Range: The performance of paragraph 2.2 shall be met over
a dynamic range of 60 dB below 10,000 feet (-8l to -21 dBm) and
over 66 dB above 10,000 feet (~87 to -21 dBm). :

2.4 Accuracy: The following accuracies shall be obtained with SFL
injected with a VECAS-GA/M connected to the calibration generator
at levels of -81 and -21 dBm below 10,000 feet and at -87 and -21
dBm above 10,000 feet:

Altitude: same as the input (digitized in 100-foot steps)
Range: meaﬁ < 300 feet (+0.5Z-of range), .standaxrd deviation. -
< 300 feet

Range Rate: mean < 5 knots (+1Z of range rate), standard
deviation < 30 knots

Identity: same as that transmitted by the intruder

2.5 Alarm Display Consistency: For all range rates from -70 to
+1000 knots with SFL injected and over the dynamic range of
paragraph 2.3, once the TAU 2 threshold has been crossed (assuming
the commands are not obeyed) the correct TAU 2 and TAU 1 alarms
will be displayed with a probability of 992 updated every 4
seconds from the range corresponding to the initial TAU 2 threshold
crossing to 0.5 nmi opening. '

2.6 Round Time: Cycle time to completely correlate and track targets

in all seven altitude zones, process the threatening targets through
. the threat logic and update the CAS display: < 4 seconds.
s 2.7 False Alarm Rate with SFL:

TAU 2 - < 10 alarms per 10,000 hours
TAU 1 - < 1 alarm per 10,000 hours
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False Alarm Rate with SFL and non-threatening targets and, false
alarm rate with SFL and threatening targets (early or late alarms
due tao errors within the limits of paragraph 2.4 are not con-
sidered false alarms).’

TAU 2 -~ < 10 alarms per 10,000 hours
TAU 1 - < 1 alarm per 10,000 hours

False Alarm Rate Acceptance Test: The VECAS-GA/M shall be
designed to meet the False Alarm rates described in paragraphs
2.7 and 2.8. Due to the extensive testing tequired to obtain
valid dat@s only acceptance tests to establish standard
statistical data over 10 hours will be performed. The false
alarm rate for the ten (10) hour test shall be zero. If this
number is exceeded a failure analysis and corrective action shall
be implemented.

Vibration: Reference 1.2, curve B (2g), figure 514.1 - two
15-minute cyclic scans of the frequency amplitude curve. Direction
of the vibration through the vertical axis of the devicegﬂevice
mounted on CFE rack with isolators. Devices shall operate

properly during and after vibration.

Temperature: +32°F to +135°F - Devices shall operate without
degradation over this ambient temperature range. Devices shall

" "withstand cold soak at 0O°F for 12 hours and then operate properly '

within 5 minutes after application of power. Cooling will be
provided by a fan which will draw air through openings in the
rear across the IC boards, power supply, and the transmitter and
two receivers through the front of the device.

Failure Rate: To be considered flight worthy for purposes of
evaluation, the equipment shall have a minimum MIBF of 50 hours.
Prior to delivery and acceptance tests, the contractor shall be
responsible for debugging and operating the equipment a
sufficient number of hours to eliminate the early failures.
During acceptance tests by NAVAIRDEVCEN, the equipment shall not
experience greater than two failures in 80 hours of testing.

If this number is exceeded, failure analysis and corrective

. action shall be implemented before resumption of testing.

Reply to own probes accompanied by receipt of those replies due
to signal reflection from ground, water or other structures:
design of system logic shall be such that at any altitude

over any reflecting surface, the replies will not be processed

in the threat logic. This problem area is discussed in reference
la30 - .

Adjacent Channel Rejection: Shall be such that at any level
over the dynamic range of paragraph 2.3, a video reply signal
in the desired data channel shall result in a signal in the
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undesired data channel which 1s 70 percent or less than the
threshold of the undesired data channel.

Size: < 3/4 short ATR
< 20 pounds

Co-Range Targets: Under all the conditions of paragraphs
2.2, 2.3, and 2.4, two targets which are within 650 feet of
each other shall be correctly tracked and processed through
the threat logic regardless of the altitude separation
between the targets.

General: All of the foregoing specifications are in additiom

to those contained in referemce 1.1, and shall govern if in
conflich with reference 1.1.
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