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SUMMARY

A. INTRODUCTION

Historically, the technical community has attempted te
develop an effective CAS (Collision Avoidance System) for
aircraft for over fifteen years. Early attempts were dismal
failures; only in the last few years has the technology been
available to devise a CAS which satisfies performance, cost
and size requirements.

One potential solution is a system known as AVOID (Avionic
Observation of Intruder Danger). This is a family of equipments
designed by Honeywell for all types of cooperating aircraft. The
AVOID I is the equipment type designated for the larger military
aircraft and for the majority of the commercial carriers.

The AVOID I tested was an engineering prototype packaged
in a 1/2 short ATR equipment case which approaches a 3/8 short
ATR preduction configuration. Thie report documents the flight
test evaluation of the AVOID I CAS.

The FAA (Federal Aviation Administration) has been directed
by the U. S. Congress to report on CAS progress and to arrive at
a decision for a National CAS Plan. In support of Department of
Defense involvement in that decision, the Navy is performing
certain test and evaluation functions for the AVOID family of
equipments, The work reported herein was jointly sponsored by
the Department of Transportation and the Department of Duz:fense.

The AVCID concept evolved out of a series of Proximity Warn-
ing Systems (culminating in the YG 1054) which Honeywell devel-
oped for the Army and of which there are approximately 1500 in
operational use. One svystem - the YG 1081 Collision Warning
System - provides the pilot with relative sector bearing to
the intruder aircraft, This demonstrated capability was not
an AVOID I requirement.

In November 1972, the FAA, Navy and the Naval Air Develop-
ment Center entered into an agreement (reference (1)) for the
procurement and subsequent laboratory and flight testing of the
AVOID I equipment. The contract (reference (2)) for the purchase
of three AVOID I systems and associated traffic simulators,
calibration generators and digital interfaces was executed in
January 1973 and the AVOID I equipments were delivered in January
1974, Flight and laboratory evaluation covered the period from
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February 1974 to November 1974. Approximately three nionths of
interruptions were required for design changes to correct defi-
ciencies uncovered by NAVAIRDEVCEN during the early flight test
phase.

B. OBJECTIVES

The general objective of this test program was to evaluate
. the potential of the AVOID concept to perform the collision
! avoidance ‘functior as described in ANTC 117 (reference (3)). ’

An important goal was the gathering of test data to assure
the availability of common parameters for comparison with com=
: peting systems., This was accomplished through a series of
i laboratory and flight tests. The laboratory tests included the
: measurement of link and receiver sensitivities, co-range target
! interference, ih2 effect of traffic on clata communication and
; false alarms, range and range rate measuremeunt, threat logic ;
and round time., The flight tests were performed with fruit %
injected to determine:

Lo

1. The communication range as a function of the angle between
£light paths.

i

2, Tne display reliability and the effectiveness of the
air-to-air data link.

3. The accuracy of the range and range rate.

4. The ability to provide timely and correct advisories :
and maneuver commands.

C. SUMMARY OF RESULTS <

The AVOID I provided the necessary avoidance warnings to
the pilots. The warnings were consistent with the requirements
of ANTC 117, and provided the pilots with sufficient time to
execute the necessary avoidance maneuvers,

The regnired communication range was exceeded for all en- i
counter angles at the speeds ~“lown, and for all extrapolated |
1200 knot range rates above 10,000 feet for all of the flights
involving the NC 117 vs. either the RA-3B or P-3. The same re-
sults were schieved for all of the flights involving the RA-3B i
above the P-3. ¥or the flights involving the P-3 above the RA-1S,
the communication ranges were marginal when extrapolated to w
1200 knot range rate, above 10,000 feet, at encounter angles of
-120 and 180 degrees.
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The pilot display reliability was 98.2%.

The air to air data link when operating with fruit in accordance
with Appendix A had an error rate which was too high and caused an
excessive number of false alarms.

The range and range rate accuracies (Theodolite reference)
were:

RANGE 1 RANGE RATE

MEAN SIGMA | MEAN SIGMA

GROUP $OF RANGE FEET KNOTS KNOTS
All Data +2.5 15¢ +10 11
Data Without Fruit +2,7 132 + 9 10
Data With Fruit* +2.1 197 +13 13

*pPredicted fruit rate in Appendix A.

D. CONCLUSIONS

The AVOID concept has the potential for periorming the col-
ligion avoidance function as described in ANTC-117.

The TAU TWO communication range was sufficient for encounters
with range rates extrapolated up to 1200 knots, except for a
marginal range for the P-3 above the A-3 aircraft at encounter
angles of 180° and -120°, This indicates that antenna locations
may have to be carefully chosen on some types of aircraft.

TAU ONE communications range was sufficient.

The round/display communications reliability was satis-
factory in the maximum aircraft density predicted by Honeywell
simulations of the Los Angeles basin in 1982 (Appendix A).
These simulations provided for every aircraft in the model
being equipped with a CAS which provides the pilot with evasive
maneuver commands. All IFR aircraft (15% of the aircraft) weras

(uipped with the AVOID I CAS; all VFR aircraft (85% of the
. wrcraft) were equipped with the AVOID II CAS.

The air-to-air data link error rate was too high with fruit
in accordance with Appendix A and resulted in an unacceptable
rate of false alarms. Technical interchanges initiated by
NAVAIRDEVCEN with Honeywell culminated in the issuance of the
NAVAIRDEVCEN AVCID II Requirements Document (Appendix B). This
resulted in an AVOID II design which should have a Batisfactory
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1]
false alarm rate., It is anticipated that a similar design
augmented by some additional techniques should yield a satis-
factory false alarm rate for the AVOID I,

The range and range rate accuracies were satisfactory.
The round and warning times were satisfactory.

The incidence of altered alarms due to altitude scale factors
was excessive. This is being corrected in both AVOID I and AVOID
II equipments.

E. RECOMMENDATIONS

It is recommended that TAU TWO and TAU ONE threats be
identified by range and range rate before being processed through
the display logic to preclude the display of a threat resulting
from two fruit tracks (false alarm) or one fruit track followed
by a legitimate track (early alarm),

It is recommended that the two interrogation sets in the
branch altitude bands be increased to five or more. This is to
reduce to an acceptable level, the probability of fruit falling
within the altitude correlation range acceptance gate, causing
an alteration of an advisory or command.

It is recommended that the same powerful fruit suppression
logic that is applied to intruders having altitude differentials
less than 1300feet be applied to intruders having altitude dif-
ferentials greater than 1300 feet to reduce the false alarms
assnclated with the higher altitude differential regime and to
provide a uniform update rate for all types of threats.

It is recommended that 50 foot range bins be implemented for
the entire range of the CAS to reduce the formation of fruit
tracks and fruit correlation in the branch altitude bands with
its attendant false alarms.

It is recommended that the altitude code scaling factor be
changed from 1l nanosecond per foot to 2 nanoseconds per foot so
that the 100 ft. digitizing accuracy of the altimeter can be
preserved in establishing altitude threat boundaries.

It is recommended that the interrogation multipath altitude
response guard gate be increased from 5 microseconds tc 10 micro-
seconds to be compatible with the revised altitude sczle factor
of 2 ranoseconds per foot. However, a preferable s>lu:ion would
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be to incorporate an adaptive multipath guard gate referenced
to the multipath of the first pulse pair of an interrogation quad
as devised by NAVAIRDEVCEN.

It is recomme: ded that additional sets of interrogations be
incorporated in the interrogation sequence to prevent the formation
of phantom intruder tracks which cause false alarms.

It is recommended that clock pulses be used tc generate the
range bins and that the clock frequency be increassd to provide
bins which are precisely 50 feet wide so that the inherent range
resolution of the systam is realized and can be demonstrated.

It is recommended that consideration be given to changing
the interrogation quadruplet to a 500 ns, 700 ns; 600 ns, 800 ns
sextuplet to further increase the fruit margin with respect to
false alarms.
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CHAPTER 1

EQUIPMENT DESCRIPTICN

INTERROGATION AND RESPONSE TIMING

The AVOID I CAS is a single frequency interrogator transponder equipment 7
operating at 1607.5 MHz +15 MHz with a 130 nanosecond pulse width and a 15 nano-
- second rise time. The interrogation and response timing are shown in Figure I-1.
An interrogation consists of a pulse quadruple - the first pair separated by
500ns. is followed by a second palr separated by 600ns. The separation of the
two pulse pairs is proportional to the altitude band interrogated (own altitude p
plus bias altitude) and a fixed 32.5 us delay for multipath suppression. In the E
predicted co-altitude band, the bias altitude is also a function of altitude rate, 3
Responses to interrogations are single pulses. The replying aircraft determines E
if his own altitude is within + 700 feet of the interrogated altitude; if it is ]
he responds, Jf it is not he does not respond.

Range to the intruder aircrafi is determined by the position of the reply
pulse in a range bin and range rate to the intruder by bin crossing pattern re-
cognition through logical implementation of the collision threat equations. The E
bin widths assoclated with the various range intervals are shown in Table I-1. :
In the range interval O to 4.9 NM, 50 ft. bin widthe are used for high raesolution
of the minimum range critexria of 0.5 NM and for all TAU 1 threats below 9,600 f£t.

Beyond 4,9 NM the bin widths increase gradually to 168 feet, the maximum for sub- 4
sonic encounters, and to 472 feet for two supersonic aircraft on a head-on b
collision course.

LT

. TAU THREAT EVALUATION CRITERIA

el

Table 1I-2 gives the TAU 1 threat evluation criteria in texrms of minimum num-
bers of bins skipped for encounters in which the range between aircraft is de-
, creasing with time and the maximum number of bins skipped (L+ ) for encounters

in which the range betweun aircraft is increasing where "L" is the location of a
target in a bin of the A register at the start of a 3.2 second epoch. Below
9,600 feet in altitude, the maximum numbers of bin crossing permissible is 56
(Table I-3) at a closing rate of 923 feet per second., By way of illustration, if
a target is below 9,600 ft. and is at a range of 6,550 ft. and skips between 11
and 56.bins, he is evaluated as being in the TAU 1 Zone. The theoretical range
rate (R) for this rcnge is 186 feet per second., The column marked £ minimum 157
ft./sec., gives the value of R below which the threat criteria will not be met.
The column marked R reject, 193 ft./sec. givea the value of £ above which the
threat criteria will be met., Values of R between these two limits may or may not
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TABLE I-1.

Range Interval

0.
29700.
32292,
35124,
38244,
41652,
45348,
493280,
53796.
58596,
63780.
69444,
75684,
82500.
89892,
97956.

106788,
116388,
126756,
138084,
150564 .
164196.
178980.
195108,
212772,
231972,
252708,

29700,
32292,
35124,
38244,
41652,
45348,
49380.
53796.
58596,
63780,
69444,
75684,
82500,
89892,
97956.
106788,
116388.
126756,
138084,
150564,
164196,
178980,
195108.
2]2772.
231972,
252708.
275364,

NADC-75056-60

RANGE DATA ACCUMULATOR BIN WIDTHS

Bin Width

e vt

Nuwnber
of
Bins

59
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48

Total Bins

(Cunulative)

594
642
690
738
786
834
882
930
978
1026
1074
1122
1170
1218
1266
1314
1362
1410
1458
1506
1554
1602
1650
1698
1746
1794
1842

i bt ot

.
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TABLE I-2, TAU ZONE 1 - THREAT EVALUATION (T1/T2 BSB)
Threat . . .
Range Interval Bin Width Criteria Rdesired Rminimum Rreject
0 - 3000 50 L+19 - - -
3000 - 3550 50 L- 4 60 40 77
3550 - 4000 50 L- 5 82 57 93
4000 - 4450 50 L- 6 100 73 110 .
4450 - 4850 50 L- 7 118 90 127
4850 - 5300 50 L- 8 134 107 143
5300 - 5750 50 L- 9 152 123 160
5750 - 6150 50 L-10 170 140 177 .
6150 - 6600 50 L-11 186 157- 193
6600 -~ 7050 50 L~12 204 173 210
7050 - 7450 50 L-13 222 190 227
7451 - 7900 50 1,-14 238 207 243
7900 - 8350 50 L-15 256 223 260
8350 - 8750 50 L-16 274 240 277
8750 - 9200 50 1,-17 290 257 293
{ 9200 - 9650 50 L-18 308 273 310
: 9650 - 10050 50 L-19 326 290 327
' 10050 - 10500 50 L=20 342 307 343
10500 = 10950 50 L-21 360 323 360
10950 = 11350 50 L-22 378 340 377
11350 = 11800 50 L-23 394 357 393
11800 = 12250 50 L=24 412 373 410
12250 ~ 12650 50 L-25 430 390 427
12650 = 13100 50 L-26 446 407 443
13100 - 13550 50 L-27 464 423 460
13550 - 13950 50 L-28 482 440 477
13950 = 14400 50 L-29 498 457 493
14400 = 14850 50 L-30 516 473 510
14850 = 15250 50 L-31 534 490 527
15250 = 15700 50 L-32 550 507 543
15700 - 16150 56 1.-33 568 523 560
16150 - 16550 50 134 386 540 577 .
16550 = 17000 50 L-35 602 557 593
17000 - 17450 5¢ 1-36 620 573 610
17450 - 17850 50 137 638 590 627
17850 - 18300 50 L-38 654 607 643
18300 - 18750 50 1.=39 672 623 660
18750 - 19150 50 L-40 690 640 677
19150 - 19600 50 L4l 706 657 693
19600 - 20050 50 L-42 724 673 710
20050 - 20450 50 L-43 742 690 727
20450 - 20900 S0 L=44 758 707 743
20900 - 21350 50 L-45 776 723 760
21350 . 21750 50 L=46 794 740 777
21750 - 22200 50 L-47 810 757 793
22200 - 22650 50 L-48 828 773 810
22650 - 23050 50 L-49 846 790 827
4
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NADC~75056-60 !
TABLE I-2. TAU ZONE 1 - THREAT EVALUATION (T1/T2 BSB) (Con%.) i
3
Threat . B N )
Range Interval Bin Width Lriteria Rdesired Rainimum Rrefject E
23050 - 23500 50 L~50 862 807 843 ;
23500 -~ 23950 50 L-51 880 823 860 :
23950 - 24350 50 L-52 898 840 877 3
24350 - 24800 50 L-53 914 857 893
24800 - 25250 50 L-54 932 873 910
25250 - 25650 50 L~55 950 895 927
25650 - 26100 50 L-56 966 907 943
26100 - 26550 50 L-57 984 923 960
26550 - 23950 50 L-58 1002 940 977
26950 - 27300 50 L-59 1018 957 993 5
27300 - 29700 50 L-60 1032 973 1017 3
29700 - 32292 54 L=60 1128 1052 1090 E
32292 - 35124 59 L=-60 1232 1150 1190
35124 - 38244 65 L-60 1345 1268 1310
38244 - 41652 71 L-60 1470 1386 1430
41652 - 45348 77 L-60 1606 1504 1550 '
45348 - 49380 84 L=60 1754 1642 1690 '
49380 - 53796 92 L-60 1915 1799 1850 :
53796 - 58596 100 L-60 2092 1957 2010 K
58596 - 63780 108 L=60 2284 2114 2170 4
63780 - 69444 118 L-60 2491 2311 2370 ;
69444 - 73864 130 L~60 2718 2547 2610 1
75684 - 82500 142 L-60 2967 2783 2850
82500 - 89892 154 L=60 3240 3019 3090 }
89892 - 97956 168 L-60 3536 3294 3370 ;
97956 - 106788 184 L=60 3858 3609 3690
106788 - 116388 200 L=60 4212 3923 4010
116388 - 126756 216 L~60 4596 4238 4330
126756 - 138084 236 L-60 5010 4631 4730
138084 - 150564 260 L-60 5463 5103 5210 :
1505646 - 164196 284 L-60 5963 5575 5590
164196 - 178980 308 L-60 6508 6047 617C !
178980 - 195108 336 L-60 7099 6598 6730 :
195108 - 212772 368 160 7744 7227 7370 i
212772 - 231972 400 L-60 8451 7857 8010 ]
231972 - 252708 432 L-60 9219 8486 8650 !
252708 - 275364 412 L-00 10048 9273 9450
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i Sy

TABLE I-3. MAXIMUM BIN CROSSINGS
AS A FUNCTION OF RANGE (MXBSB)
(ALTITUDE <9600 FEET)

i

Threat ’

Renge Intorval Bin Wideh Griteria Rmaximum !
; 0 - 29700 50 L-56 923 fps .
| 29700 - 32292 54 L-53 944 .
; 32292 - 35124 59 L-50 973
i 35124 - 38244 65 L-47 1008 &
i 38204 - 41652 7 1-44 1031 i
41652 - 45348 77 1-41 1042
; 45348 - 49380 84 L-38 1054
?
: H

* For aircraft operating above 9500 ft. altitude,
the acceptance criteria is a constant L—126'
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result in the threat criteria being met. Thus R minimum and R reject are toler-
ances on meeting the threat criteria due to rf jitter, aircraft acceleration, and
digitization of the ranys intervals into discrete bin widths. Table I-4 gives

the threat evaluation criteria for TAU Zone 2; for altitude differentials

>1300 feet the epoch time is 6.5 seconds but the evaluation period is 3.2 seconds.

.It is found in Table I-4 that the target at 6,550 ft. will be a TAU 1 or TU 2

threat if it has a minimum bin skip opening of L,g or a maximum bin skip closing
of L.sg over a 3 second period. The Lyg bin skip opening vepresents a skip of
six 50 ft, bins (300 ft,) in 3 seconds or an opening rate of 100 ft./sec.; the
L.sg bias closing is a skip of fifty six 50 ft. bins (2,800 ft,) in 3 seconds or
a clouing rate of 933 ft./sec.

Let us assume that the range to the intruder is determined every 0.5 second
and the results are stored in seven shift registers A through G. Referring to
Figure I-2 "L" represents the location of the target in the A register at a range
of 6,550 £t. The TAU 2 or TAU 1 threat possibilities can then be represented by
bin skips from the A to the G register ranging from L,g to L.gg for a total of
63 possible threatening tracks for the single given target in the A reglster (for
clarity only evary other track is shown). On successive interrogations at 0.5
second intervals, the target replies munt £it one of the 63 possible threatening
tracks for the given initial range within a range tracking gats tolecance of
three to four bin widths in registers B through F inclusive or the target is not
considered to be a threat, The tolerance allows for bin splitting, pulse rise
time, aircraft acceleration, pulse jitter and clock timing., A proper fit results
in the declaration of a TAU threat for the altitude band considered. The categori-
zation of the threat as TAU 1 or TAU 2 is accomplished by counting the number of
bine skipped from the A to G register; a bin skip of L,g to L.jg is a TAU 2 threat,
and a bin skip of L.1] to L.sg is a TAU 1 threat. The TAU filter and alti-
tude correlation is implemented by means of seven memory registers A through G
(2048 bit shift registers) for each of the basic altitude bands (I+26, 1313, I4g)
to store intruder responses. Since the I4)3 and the I, g and, I.;3 and I.;g bands
are used on alternate saguences, the memory registers for these bands are shared.
Two gets of E and G memory registers are provided for the I,4 and I.4 bands and
one set of E and G registers for the Ipcp and Ipcp bands since these bands are
never used together.

Associated with every memory register is a TAU filter register. Basically
these are transfer registers in which the responses in the memory registers can
be operated on to evaluate whether they form a threatening track without disturb-
ing the time relationships in the memory registers. The contents of the memory
registers are shifted into the TAU filter registers so that the closest target
in the A register is at the output of the TAU filter A registar. As their res-
pective sub-epochs occur, the contents of the B through G memory registers are

-8h:.fted an ider.ical amount into their respective TAU filter registers to main-

tain the same relative range relationship in the TAU filter registers as they
had in the memory registers. During the TAU evaluation process of one target in

ol i 2 s e
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y 3
3 4
; TABLE I-4. TAU ZONE 2 =~ THREAT EVALUATION
Threat . . .
Bange Interval Bin Width  Criteria Rdesired  Rminimop  Rrelect
3000 - 3700 50 1+11 -195 -210 173
3700 - 4400 50 L+10 =177 -193 157
4400 - 5100 50 L+ 9 160 -177 -140 E
oo 5100 - 5800 50 1+ 8 =142 -160 ~123 . i
s 5800 -~ 6500 50 + 7 -125 =143 =107 3
; 6500 - 7200 50 1+ 6 =107 =127 =90 1
: 7200 - 7900 50 L+ 5 -90 -110 -73 %
; 7900 - 8600 50 L+ 4 -73 ~93 -57 .
i 8600 - 9300 50 L+ 3 =55 =77 =40 3
: 9300 -~ 10000 50 L+ 2 -37 =60 -23 1
i 10000 - 10700 50 L+ 1 -20 ~43 -7 ;
| 10700 - 11400 50 L 0 -3 -27 10 .
i 11400 - 12100 50 L- 1 15 -10 27 :
i 12100 - 12800 50 L- 2 33 7 43
12800 - 13500 50 1- 3 50 23 60
13500 - 14200 50 L- 4 68 40 77 .
; 14200 - 14900 50 L~ 5 85 57 93 A
s 14900 - 15600 50 L- 6 102 73 110 4
. 15600 - 16300 50 L- 7 120 90 127
- 16300 - 17000 50 L- 8 138 107 143
i 17600 - 17700 50 L- 9 155 123 160 B
| 17700 ~ 18400 50 L-10 172 140 177 ;
L 18400 -~ 19100 50 L-11 190 157 193 3
- 19100 - 19800 50 L-12 207 173 210
S 19800 - 20500 50 L-13 225 190 227
. 20500° -~ 21200 50 L-14 242 207 243
F 21200 - 21900 50 L=15 260 223 260 )
S 21900 - 22600 50 1-16 277 240 277 : E
22600 - 23300 50 L-17 295 257 293 . i
23300 - 24000 50 1-18 313 273 310 i
24000 - 24700 50 L-19 330 290 327 i
24700 - 25400 50 L-20 347 307 343 i
25400 - 26100 50 L-21 365 323 360 i
26100 - 26800 50 L-22 382 340 a77 i
26800 - 27300 50 L-23 400 357 193
27300 -~ 29700 50 1-23 413 357 393
. 29700 -~ 32292 54 L-24 472 404 442 |
! 32202 - 35124 59 L-25 537 462 502 -
i 35126 - 38244 65 1-26 608 532 573 .
1 38264 - 41652 71 L-27 686 605 649
41652 - 45348 77 1-28 771 683 729 !
1 45348 - 49380 84 L-29 864 174 822 3
49380 - 53796 92 L-30 564 879 930
53796 - 58596 100 1-31 1075 990 1043 ]
58596 - 63780 108 L-31 1195 1070 1126 i
63780 - 69444 118 L-32 1324 1209 1269 ;
69444 - 75684 130 L-32 1466 1333 1397
; s i
!
!




TABLE I-4.
Ek Range Interval Rin Width
E 75684 - 82500 142
: 82500 - 89892 154
89892 - 97956 168
97956 - 106788 184
. 106788 - 116388 200
116388 - 126756 216
126756 - 138084 236
138084 - 150564 260
- 150564 - 164196 284
164196 - 178980 308
178980 - 195108 336
195108 - 212772 368
212772 - 231972 400
231972 - 252708 432
252708 = 275364 472
]
3

NADC-75056-60

Criteria

L-33
L-33
L-34
L-34
L35
L-35
L-35
L-35
L-36
L-36
L-36
L-36
L-37
L-37
L-37

TAU ZONE 2 ~ THREAT EVALUATION (Cont.)

Rdegired

1622
1792
1977
2179
2400
2640
2899
3182
3494
3835
4204
4608
5049
5529
6048

1505
1633
1838
2014
2257
2438
2665
2937
3303
3583
3910
4283
4790
5174
5654

Rminimum Rreject

1572
1704
1914
2095
2343
2530
2763
3043
3418
3706
4042
4426
4943
5338
5831

AL
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NADC-75056-60

in the A register the contents of the B through G TAU filter registers are re-
circulated so that at the end of an evaluation intierval the responses in these
registers are restored to the original range relationship for use with subsequent
more distant targets in the A register.

The TAU 1/TAU 2 bin skip boundary (T1/T2 BSB), the minimum bin gkip boundary
(MNBSB) and the maximum bin skip boundary (MXBSB) for a target moving from the
A to G register are shifted into two registers, J and K, as a function of the
range to the intruder in the A register under avaluation. The J register is used
to categorize targets as TAU 1, and the X register is used to categorize targets
as TAU 1 or TAU 2; both registers are equal in length to the G register. At the
start of an evaluation cycle, the J and K registexs ara pre-loaded with l's and
0's in accordance with the threat limits for an intruder at zero range (see Tables 4
I-2, I-3, and I-4). As a target in the A memory register is shifted into the
TAU filter A register, a range (R) counter keeps track of the number of shifts 3
(which is directly correlxtable to range to the target) that were necessary to !
place the target in the TAU filter A register. The counter output code then con-
trols the threat limit boundaries by changing the output state of the J and K
reglsters as they are recirculated prior to target evaluation. Since the threat
limit boundary changes in the J and K registers do not occur synchronously as the
range to the target increasas, separate controls are required. k.

-

Figure I~3 shows the loading of the J and K registers for targets below ﬁ
92,600 ft. altitude, In the target range interval of 0 = 2950 ft. the initial pre-
load of the J and K registers is seen to extend from target locations relative to
the A register of Lilo (the MNBSB) to L_sg (the MXBSB) which corresponds to J and
K register bin numbe¥s 5 through 80. Sintée a TAU 2 threat does not exist in the
range interval 0 - 2950 f£t,, the loading of the J and K registers 1s identical, A
Thus whan a target track is established in the A through G registers within the E
bin skip oriteria of L,jg to L.gg bins, 1's will appear at the output of all regis- :
ters when the responses in the G, J and K registers are shifted between 70 and
145 bins and the target is classified as a TAU 1 threat. Response shifts between
0 to 69 and 146 to 150 are outside of the threat limits and result in "0's" at
the output of the J and K registers indicatiny that the target is not a threat.

The G, J and K register length of 15" .ages is to accommodate bin skips of up to
L_12¢ in the above 9600 ft. altitude regime.

If the first target appears at a range of 3400 f£t., the R counter increments
to a count of 67 which falls in the 3000 to 3500 ft. target range interval
(Figure I-3b). Prior to the evaluation of a target, the J and K registers are
recirculated to their original loading. The R counter control causes the "1"
states at the output of thz 5 register to be changed to "0" states for 23 s' . .8,
from the 122nd to the 145th shift; on the 150th shift the recirculation is  .aplete
and the J register has l's ovar the interval L., to L.s5g, 0's elsevhere. Tae K
register is loaded similarly with the "1" states at the cutput of the K registers 1
changed to "0" states for 8 shifts from the 137th to 145th shifts.

11
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TARGET RANGE

TAU 1 Laig to L-56

0-2950 £t gfifty-nine 50' ccunts
TRU 1/TAU2 L,jq to L_

56

L L

9 L 56
g [0000111112111221111121111110000000000000
n —t # # i
0 5 24 80 150 bin
L - target location in A registexr
Xk [00001121211222121111121111110000000000000
t — — 7 T 7
5 24 80 150

FIGURE I-3a.

sixty to sixty-nine}

t
3000~3500" {50' counts from TAU 1 L, £0 L.gg

TAU 1/TAU 2 L), to L_

zero range 56
M Lse .
g [00000000000000600000000121121111100000000]|
" 24 P 80 i
Laa Lose
x [00000000012211121113111121211111100000000]
” 13 i 54 o 80 i

FIGURE I-3b.

35501 ~3700" geventy to seventy-three TAU 1 L.s to L_56
50' counts from zero range( TAU 1/TAU 2 L, to L.sg

L L
L 75 756

T t
J [ 0000000000000 0‘9 0000000000 % 11 % 11000000 OI

=4

i

1

" £4 <9 80 o
a1y Lose
]
X [0000000001212111122221111111111110000000|
i 13 24 " 80 i

FIGURE I~-3c.

FIGURE I-3 - J AND K TAU REGISTER LOADING
(ALTITUDE <9600 FEET)
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Figure I-3c. shows that in the target range interval of 3550 to 3700 ft.
the J register loading is changed to reduce the TAU 1 threat interval by one bin
while the K register loading remains the same.

Important to the determination of whether an intruder is on a threatening
track or not is whether the intruder has skipped approximately an equal number
of bing during each 0.5 second sub-epoch. This is accomplished for every tar-
get in the TAU filter A regilster by shifting the contents in each TAU filter
register B through G to the end of their respective ragisters by means of a six
phage clock and by making the lengths of the regylsters in the ratio of
1:2:3:435:6, G being the longest. The clock shifts the B TAU filter register
at one-slxth the rate (p3;) of the G register, the C register at two sixths the
rate 2), the D register at three-sixths the rate @ 3), the E register at four-
sixths the rate ¢4, the P register at five-sixths the rate ¢5 and the G register
at the full rate ¢ Thus, if the intruder responses in the B through G registers

" when shifted by thg Bix phase clock, arrive at the output of thelr respective

registers simultaneously (within one or two bins in the B to F registers) and
the bin skip boundaries have not been exceeded as indicated by a 1 at the ocutput
of the J and X registers, the intruder 1s declared a TAU threat (TAU 1 if the
output of the J and K reglsters are 1l's, TAU 2 if the output of the J register
1s a '0' and the output of the K register is a 'l'. A variable tracking gate
width for the B through F registers is accomplished by the shifting process
through the A through G registers under the control of the six phase clock.

If a TAU evaluation with a particular target in the A register ylelde no
threat, a more distant target is shifted from the A memory register to the out-
put of the TAU filter A regieter with corresponding shifts of the B through G
memory reglsters into thelr corresponding TAU filter registers. Some of the
responses already in these TAU filter registers will now be shifted out of the
TAU filter registers. However, the TAU filter registers are long enough to re-
tain all of the responses in the B through G registers which could form a threat-
aning TAU track with a given target in the A register.

Once a TAU track is established in every sub-epoch for one of the targets
in the TAU filter A register, then all of the targets in the TAU filter A regis-
ter and A memory register are evaluated one at a time. During each sub-epoch
evaluation all of the TAU fllter registers subsequent to the current sub-spoch
(for example registers C through G for sub-epoch B) are filled with 1's. A co-
incidence of "1's" is required as a condition for continuation of interrogations
in that 3 second segquence.

INTERROGATION AND EVALUATION SEQUENCE
To illustrate how the interrogation and evaluation segquence is mechanized,
4 typical situation with a target at 6550 ft. closing at 400 f£t/sec and 300 ft.

above own alrcraft's altitude in level flight will be described. A sequence is
started Ly completing all of the interrogations required in sub-epoch A in accord-

13
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ance with the interrogation decision logic in Table I-5 storing the responses
to each altitude band in their respective memory registers. Then the evaluation
sequence commences with the I, altitude band, 1In sub-epoch A a 400 KHZ clock

¢ g Makes 131 shifts (131 x 50 = 6550 ft.) to shift the target response out of
the I,g memory register into the output of the TAU filter A register. Simul-
taneously the J and k ragister bin skip limits are set up after each shift by
reference to a counter comparator. At the 1l3lst shift the J register is filled
with 1's from L_,, (T1/T2 BSB)to L.gg (MXBSB) bin locstions, 0's elsewhere and
the K register is fillec with l's from L., (MNBSB) to kg MXBSB) bin lozations,
0's elsewhere. Since an intruder response in the A regisger is a sufficient con-
dition to continue the evaluation of the intruder, the interrogation logle is
enabled for the I 6 interrogation in sub-epoch B. The foregoing process is
repeated for the I-6 altitude bands in sub-epoch A (the I 1 and I+25 aluitude
bands are not evaluated since the aircraft is in level flIggt).

Again, in sub-epoch B, all of the interrogations are made as required by
the decision logic of Table I-5 based on the results of the sub-epoch A evalua-
tion, the responses to each altitude band being stored in their respective
memory registers. Then an evaluation sequence commences with the e altitude
band, Tha shift clock makes 131 shifts in shifting the responses in the B
memory register (now 4 bins closer in range) into the TAU filter B reglister at
location L_4 » Then¢ , clock shifts the target response to the end of the TAU
filter B register placing a "1" at the output while the ¢ . cloock shifts the bin
skip limits in the J and K register at six times the rate. Since the bin skip
of 4 in the B register multiplied by 6, (the rate of the ¢ _ clock) is equal to
24 bin skips and is less than the 56 bin skips allowed, a ~"1" appears at the
output of the K register, This together with the 1l's at the output of the A and
B registers and 1's at the outputs of the C through G registers (pre-loaded with
1's for sub-epoch B), satisfies the TAU filter correlation logic enabling in-
terrogation of the I+6 altitude band in sub~epoch C.

If, during the shift from the B memory register to the TAU filter B regis-
ter, a response had not been found in the¢ (L to L_56) interval associated
with the subject target in the A register “or +61n the appropriate interval for
all other targets in the A regilster, interrcgations would be inhibited in the
1 altitude band for the remainder of the 3 second period of sequence 1. The
foregoing process is repeated for the 1-6 altitude band in sub-epoch B.

In sub-epoch C, all of the interrogations required by the decision logic
are made and the responses to each altitudz band are stored in their respective
memory registers. Then an avaluation sequence commences with the I altitude
band. The shift clock makes 131 shifts in shifting the response in the C memory
register (now 8 bins cloger in range) into the TAU filter C register at location
L_g. Then the ¢; clock shifts the target response to the end of the IAU filter
B register while the ¢, oclock shifts the target response to the end of the C
regigter. Since the ratio of the bin skips from A to B and A to C was 1:2, the
target responses reach the end of their respective registers simultaneously and

14
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1's appear at their output.

Simultaneously the ¢, clock shifts the limits in the J and K registers at
three times the rate of tﬁe ¢, clock. Since the 8 bin skip in the C register Bl
1 : ralative to the A register muitiplied by 3 (the rate of the ¢ clock relative to A
the ¢,) yields an equivalent bin skip of 24 (less than the 56 bin skip allow-
) ed) a "1" appears at the output of the K ragister. This together with the l's
o at the output of the A, B and C registers and l's at the outputs of the D

’ through G registers (pre-loaded with 1's for sub-epoch C) satisfiesg the TAU B i
£ilter correlation logle enabling interrogation of the I, altitude band in sub- :
epoch D. The foregoing process is repeated in the I_g, aititude band in sub-
epoch C.

e

Subsequent interrogation and evaluation sequences in sub-epochs D, E, F and
G are similar to the foregoing seguence. In sub-epochs E and G if threatening
tracks have been established in the I,g band in the preceeding epochs, D and F
respectively, branch interrogations are made in the I,4, and I,;13 bands in accord-
ance with the interrogation decision logic Table I-5 to determine the exact al-
titude threat status of the intruder.

In sub-epoch G all of the responses in the B to G registers associated with
the subject target in the A register line up at the outputs of their respective
registers together with "1's" in the J and K register, and a TAU 1 threat is de-~ 2
clared, Then the next target in the A memory register (further in range) is
shifted intc the TAU filter A register and the responsas in the B through G
ragisters evaluated to determine if they co~exist with the A target on a threat-
] ening track. The TAU threat status of each target is then correlated with the
d altitude bands in which the target responded so that it can be determined which
altitude threat band has been penetrated. The entire process is repeated until
all of the target responses in the A memory register have been shifted into the
TAU £ilter A register and evaluated one at a time with the responses in the B ¥
through G registers. Then all the targets in the Ig altitude band are evaluat-~ 3
3 ed. Thus all the threats in the I . above and I_g below altitude bands have
’ been evaluated and classified as TAU 1 co-altitude, TAU 2 co-altitude or predicted
co-altitude, or just a TAU 2 threat., These are then used as inputs to the final i
threat logic for two or three alrcraft encounters whichever the case may be.

ALTITUDE RESPONSE BANDS

The AVOIDS determines intruder penetration of the ANTC-117 altitude bound- i
aries by asking the intruder a series of logical questions concerning his alti-
i tude relative to received altitude encoded interrogations. As shown in Figure
! I-4 ,the scheme consists of a system of coarse and fine biasing of his own ;
: altitude encoded interrogations. A series of ten different biases are used. The H
: rectangular blocks which encompass the interrogation bias value, represent the
band in which the intruder \ill respond if his altitude is within + 700 ft. of
the biased altitude received via the interrogation code. Tabla I-6 Llists the
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NADC-75056-60

TABLE I-6 ALTITUDE INTERROGATION CODES
(ALTITUDE <9600 FT.)

3
BIAS ABOVE BIAS BELOW
: INTERROGATION INTERROGATOR'S INTERROGATOR'S ;
CODE ALTITUDE FT ALTITUDE FT {
e - +650
I.g -650 .
T413 +1350 3
I, -1350 ) i
T2 +2550 k
1.5 -2550
1 -250 o
+4 i
I-q +250 4
INTERROGATION BIAS, ABOVE OR BELOW [
CODE INTERROGATOR'S ALTITUDE Ly
i
Ipca ~50 +(0.5 x OWN RATE OF ASCENT) (FEM)) s
E
S +50 -(0.5 X OWN RATE OF DESCENT (FPM)) i
i ,

NOTE:

ABOVE 9500 FT ALTITUDE:

I.13 AND PCA BIAS IS INCREMENTED 200 FT
I.y3 AND PCB BIAS IS DECREMENTED 200 FT

ekt AR st s

18

e s,




NADC~75056-60

interrogation codes together with the associated bias above or below the interro-
gators altitude for altitudes less than 9600 ft. Above 9500 ft. the T,;; and
PCA bias is incremented 200 f£t. and the I_,; and PCB decremented 200 ft. It will
be noted that the I.g, I+)3 and Izzs codes when multiplied by 100 are equal to
the biae 150 ft. The I:4 codes when multiplied by 100 are equal to the bius 1650
ft, The reason for these differences will be explained .ater in the description.

In Table I-7 it can be seen how the threat responses to the interrogation
codes are logically combined to establish which altitude threat bands the in-
trudar occupies.

In the altitude geparation evaluation sequence, the I,g and I.g interrogation
codes are used to determine whether an intruder is equal altitude: if an intruder
responds to the I,. and I_g interrogations the. he is in the overlap region common
to both the Ryg and R_ response bands which extends from +50 ft. above to -50 ft.
below the interrogator. The I.g and I,;; interrogation codes are used to isolate
the intruder as co-altitude above, 1300 %t. above, or 2000 ft. above. If an in~
truder responds to the I.g but not the I+13 interrogation he is in the region of
the R,g response band which is exclusively R,g which extends from =50 f£t. to 650
£t. and therefore is a co-altitude target; if an intruder responds to the I.g and
the I,;3 interrogations he is in the region common to the Ry and R response
bands which extends from +650 £t. to 1350 £t. and, therefore, is a thleat < 1300
£t. above; if the intruder responds to the I,jj but not the I _ interxogation he
is in that region of the R,;j response band which is axclusivziy R4y3 which
extends from +1350 to +2050 and, therefore, is a threat < 2000 ft. above. The I.13
and I, interrogation codes are used to isolate the intruder as a < 3200 ft.
above €great. If the intruder responds to the I4o but not to the I,j3, he is in
that region of the Ry5 response band which is exciusivaly Ry25 which extends from
+ 2050 £t. to + 3250 ft. and, therefore, is a threat < 3200 ft. abeve.

Tha I+4 interrogation code is used to determine if an intruder is >400 ft.
co-altitude or <400 ft. co altitude so that a determination can be made by the
interrogating aircraft whether to blas its responses by =200 £t. in the direction
of the dive maneuver. If the intruder responds to the I 4 interrogation, he is
in the Ry4 response band and is, therefore, <400 ft. ana requires bias; if the
intruder does not respond to the I,, interrogation, he is out of the Ry4 res-
ponse band and is, therefore, >400 ft.

The Ip., interrogatio. code is used to determine if an intruder is a pre-
dicted co-aieitude above (PCA) threat. The I, interrogation code has a vari-
able biar which shifts up from a base value of -50 feet plus half the interro-
gators rate of ascent in feet per minute. For example, i1f the interrogators

rate of ascent were 1000 fpm, the Ipca bias would be shifted to + 450 ft. If the
intruder responds to the Ip., interrogation he is in the Rpgp response band which
extends from - 250 ft. to + 1150 ft. and if he is also a <1300 ft. threat, he

ig classifled as a PCA threat.
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Figure I-5 depicts the interrogation sequence which is followed for alti-
tude threat band evaluation. Table I-5 is an interrogation decision logic
table which delineates the start conditions for each of the basic altitude bands
I+gr Iwgs T4130 I-13¢ I425 and I-25 and, the branch conditions for all of the
bands including the auxiliary bands I,4, I.4, Ipcp and Ipcg. In Figure I-5 3
and Table I-5 it will be noted that a complete horizontal line of interroga- i
tions in every sub-epoch A through G in any basic altitude band represents a
TAU track leading to a TAU 2 or TAU 1l threat evaluacion together with the pro-
: per gommand. The branch interrogations in sub-epochs E and G are only for
| purposes of altitude threat band isolation; the logic demands that a response ;
; be present. in both sub-epochs E and G for the intruder to be considered as
i being in the branch response band. The branching from the I,, to the I_g and
the reverse is to detect an intruder which is oscillating above and below the .
equal altitude boundary and thus assist in the bias logic decisimon on whether
20 bias up or down to insure complementary maneuvers.

i Table I-7 shcws how the threat responses to the interrogation codes are
{ logically combined to establish which altitude threat band the intruder occu-
i

: pies. In Figure I-5 , and Table I-5, it can be meen that the two outermost ;
. basic altitude bands Ig and I.14 and, the I.y5 and I_jj3 are only interrogat~ E

i ed in a horizontal line dnce every 6.5 seconds., This results in the following o
threat epoch times: . ;

- 3.2 second epoch - ALl TAU 1 threats; all TAU 2 threats and ;

PCA, PCB threats <1300 ft.

6.5 second epoch =~ All TAU 2 threats and PCA or PCB
threats >1300 ft. : q

In Table I-7, it will also be seen that if own aircraft is in level flighe,
an assessment of the presence or absence of alrcraft »>1300 ft. above own air-
craft is not made. If own aircraft rate of ascent is > + 500 fpm an assessment
ls made of aircraft >1300 ft. but <2000 ft.; if rate of ascent is >1000 fpm
then an assessment is made of aircraft up to + 3200 ft. To prevent loss of a
data track during a period when the aircraft may osclllate between an ascent
rate above and below the ascent rate boundary, the logic is latched in sub-
epoch A for all subsequent sub-cpochs through G. The same logic is used when
descending at rates greater than 500 fpm and 1000 fpm,

TYPICAL SEQUENCE

Refarring to Figure I-5 and Tables I-5 and I-7 we follow an intruder
through the decision logic, Assume own ailrcraft flying level, with intruder i
aircraft 300 ft. above own aircraft with a range and closing rate meeting the
conditions for a TAU 2 threat. The sequence commences with two sets of I,e in-
terrogations in sub-epoch A, followed 2 milliseconds later by two sets of I.g
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interrogations. If at least one reply is received to the two I . interrogations
in sw-epoch A, a second set of two I,g interrogations is t:ansmftted in sub~
epoch B; if at least one reply is received which meets the TAU filter threat
criteria for the number of bins skipped relative to the initial range bin loca-
tion of the intruder in sub-epoch A, the target is classified as a T+ threat for
sub-epoch B, (Since the intruder is 300 ft. above own aircraft a response to the
I_g interrogation will not be received. However there is a finite probability
that a cesponse to another aircraft's interrogation may be received in the I_
band; this would then be rejected in subsequent sub-epochs when the TAU criteria
was applied.) This enables the interrogation logic to proceed with two I ¢ in-
terrogations in sub-epoch C; if a reply is received which meets the TAU filter
criteria the target is a T,y threat for sub-epoch C.. This enables the interro=
gation loryic to proceed with three Ie interrogations in sub-epoch D; if a reply
is received which meets the TAU filters threat critera, the target is a T ¢

for sub-epoch D. This enables the interrogation logic to proceed with three I.g,
three I 13+ three I and, three I_g interrogations in sub-epoch E in order to
determine if the target is a T+6 threat and to isolate the target to one of

the altitude threat bands betwean 0 and 1300 ft. above the interrogating aircraft.
If no replies are received to the 1,13 or the Iy interrogations but are received
to the I and I,, interrogations and the I__ reply meets the TAU filter criteria,
the target is a t,g threat in sub-epoch E wigh a vertical separstion above own
aircraft between 100 and 400 ft. The T.¢ threat in sub-epoch E enables the in-
terrogation logic to proceed with three I . interrogations in sub-epoch F; if at
least onereply is received which meets the TAU filter threat criteria the target
is a 1,¢ threat for sub-epoch F. This enables the interrogation logic to proceed
with three I.g, three I,13, three I,, and three I.g interrogations in sub=-epoch G.
If no replies are received to the Iy)3 or the I_g interrogations but are received
to the I,g and I,, interrogations and the I,g reply meets the TAU filter threat
criteria, the *arget is a T+6 threat in sub~-epoch G with a vertical separation
from own aircraft between 100 ft, and 400 ft. Only i1. replies to the 137 Iy

or I_g interrogations are received in both sub-epochs E and G is the intruder con-
sidered as occupying the associated band. Since this criteria was met, the target
is kanded off to the final logic as a TAU 2 threat with vertical separation between
100 £t. and 400 ft.

It will be noted that the logic demands only one reply to two interrogations
in sub-epochs A, B and C and only one reply to the three interrogations in sub-
epochs D, E, F and G. Two interrogations separated by 3 milliseconds are mad:
in sub-epochs A, B and C to insure a high probability of detection of the target.
If replies are received in sub-epochs A, B and C thus establ ing a data track,
the number of interrogations are increased to three to insure an extremely high
probability of completing the data track coverinqg all seven sub-epochs. It will
also be noted in the logic table that the ﬁ+19 entry in I+13 block under set F
means that the interrogation logic for the I, ;3 band sub~epoch F is only enabled
if a T, threat existed in sub-epoch A through E; it does not mean that the in-
terroga%ion logic is enabled if a response ic received only in sub-epoch E which
is used only for altitude band discrimination and not for a TAU track.
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HARDWARE CONFIGURATION

The AVOID I tested was an engineering prototype packaged in a 1/2 short
ATR equipment case which approaches the 3/8 short ATR production configuration.
An outline drawing with dimensions is shown in Figure I-6. In Pigure I-7 the
AVOID I is shown with the dust cover removed. Ambient air is drawn through a
series of large holes in the rear of the unit across the digital processor cards
(which are mounted parallel to the air stream) and exhaused through the front
panel. The method was extremely effective in removing the heat from the
densely packed unit which weighed 18.5 pounds,

Figure I-8 is a photograph of the AVOID I together with the CAS/VSI indi-
cator, Figure I-9, is a close-up of the CAS/VSI indicator in the test mode in
which all command lights are illuminated.
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CHAPTER II

ATRCRAFT INSTALLATION AND FLIGHT TEST INSTRUMENTATION

AIRCRAFT INSTALLATION
The three NAVAIRDEVCEN aircraft provided for this flight test evaluation
were the NC-117 (BuNo 1243l1), the P-3A (BuNo 148883), and the RA~3B (BuNo 144833).
The maximum airspeed capabilities were as follows:
NC-117 - 160 knots
P-3A = 300 knots
RA-3B ~ 550 knots
The P-3A and RA-3B installations consisted of the following equipment complement:
1. AVOID I with two CAS/VSI indicators
2, Digital Display and Interface (DDI)
3, Traffic Simuiator, Calibration Generator (TS)
4, Kennedy Model 1708 Digital Tape Recorder
5. AN/ARN-84 Airborne TACAN Set
6. Precision Clock System Consisting of:
a. General Radio 1115-C Standard Frequency Oscillator
b. General Radio 1123-A Digital Synchronometer

c. General Radioc 1124 WWV Receiver with Synchronizing Oacilloscope

7. Intercontinental Dynamics Corporation Type 518-16007-v212 Digitally
Encoded Barometric Altimeter

The NC-117 installation had the same basic complement, but had additicnal racks

to accommodate an additional digital display and interface, and traffic simulator,
A photo theater was also provided which contained an attitude indicator; an air-
speed indicator; a TACAN bearing, distance, and heading indicator; a parallel
storage unit to transfer time from the master clock aboard the aircraft; the DDI;

30




o

P
{
1
:
{

NADC-75056-60

and a Photosonics Model 1P pulued camera. At the end of each round, similtaneous
strobe pulses transferred time from the master clock to the parallel storage
unit and pulsed the camera. Thus, a permanent record of the flight parameters
and DDI read-outs was obtained; the latter serving as a back-up if the magnetic
recording system or multiplexer malfunctioned.

The antenna locations and cable lengths are liated in Table II~l. Outline

drawings of each aircraft, showing the locations of the upper and lower CAS
anterna, are provided in Figures II-1, II-2, and II-3.

TABLE II-l. ANTENNA LOCATIONS

Lower Antenna Upper Antenna
Centerline | Lead-in Centerline Lead-in
Station station
Alrcraft (inches) Offsec leanghts (inches) Offgat lengths
(inches) (feet) (inches) (feet)

RA-3B 175 19 port 13 283 o] 3
NC-117 22 0 50 51 0 40
P=3A 383 19 port 21 - 350 0 11

TRAFFIC SIMULATOR
The purpose of the Traffic Simulator, Figure II-4, was threefold:

1. To serve as a calibration unit to insure that the AVOID I's were
working properly at all times

2. To serve as a source of uncorrelated replies (fruit) and inter-
rogations equivalent to that anticipated in the lLos Angeles Terminal Area in
1982,

3. To serve as a source of :threatening and non-threatening targets
for laboratory tests.

By using the Traffic Simulator in conjunction with the Digital Display and
Interface, by setting the attenuator above minimum receiver signal level, and
by injecting an altitude signal appropriate to the desired altitude required,
the accuracy of the desired altitude boundaries of 600 ft, 1300 ft, 2000 ft
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and 3200 £t can be checked. The targets can be placed at the boundaries with
the altitude band select switches and the altitude bias switch, If it is
desired to place a target 600 ft above own aircraft, the altitude band select
switch would be set to +900 ft, the altitude bias switch set to =300 £t, and

a fixed range set in at less than the TAU ONE threshold (1600 ft or less on

the traffic simulator). To simulate vertical rates, an auxiliary unit was

used to inject signals equivalent to vertical r.tes from O to 6000 fpm,

By sequencing the altitude switches and vertical rate control in the manner
indicated, the commands listed in Table II-2 were displayed. This routine checks
out all of the fixed altitude threat bands as well as the variable predicted
coaltitude band; the boundary which moves out from a base of 800 ft (for the
above 9500 ft altitude required) plus one half the vertical rate in feet per
minute, Thus for a vertical rate of 1600 fpm, the predicted coaltitude band
would extend to 1600 £t altitude differential and any intruder which penetrates
that boundary would be considered a predicted coaltitude threat which would
outpit a level off command to the display. To check out the three aircraft
threat logic, much the game procedure is followed with the exception that two
traffic simulators must be used, each with a separate altitude input., The above/
above portion of the three aircraft matrix is exercised by placing the two
traffic simulator altitudes at appropriate values above own aircraft, The
above/below matrix is checked similarly by placing one traffic simulator alti-
tude above own aircraft and the other below own aircraft.

In ordexr to insure that the AVOID I processor is working throughout its
maximum range and is measuring closing rate properly, an altitude signal cor-
regponding to 10,000 £t is set into the AVOID, Traffic Simulator, and Digital
Digplay and Interface; a target is set in at 102,400 £t (17 nmi) with a closing
rate of 1600 ft/sec (948 knots). Placing the hold switch in the off position
and pressing the initiate button, the target begins to move. Every three
seconds, the closing rate of 1600 ft/sec is displayed on the Digital Display
together with the range to the intruder at the end of the three second round,
as well as TAU (range divided by range rate), When the TAU TWO threshold of
approximately 47 seconds is axceeded at 12.3 rmi, the TAU TWO light will come
on and when the TAU ONE threshold of approximately 26 seconds is exceeded at
6.8 nmi, the TAU ONE light will come on. Concurrent with these events, the
VS1/CAS display will yield the appropriate commands, and all of the data will
be recorded on tape for computer processing and analysis impossible to perform
from visual observation of the Digital Display.

It will be noted that three sets of targets can be generated with 33 tar-
gets in each set. The closing rate selected for each set applies to all targets
in the set. The spacing between targets within a set is determined by the num-
bear of targets selected and the maximum range selected. Each set can be placed
in an opening rate or closing rate mode so that the effects of the interaction
of non-threatening targets with the threatening targets can be observed as well
as the effects of fast moving targets overtaking slower moving targets. The
traffic simulator did lack the flexibility to place each target set at a differ-
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Table II-2. ALTITUDE THRTAT BOUNDARY
CHECK-OUT PROCEDURES FOR AUTITUDE REGIME
ABOVE 9500 FEET

.
ALTITUDE ALTITUDE | TARGET VERTICAL
: BAND BIAS RANGE RATE DISPLAY
SELECT-FT FT FT FPM
; +3000 +400 1600 1100 Up None
: +3000 +200 " 1100 up LVS 2000 FPM Up .
; +1800 +400 " 600 Up LVS 1000 FPM Up
i +1800 -400 " 600 Up LVS 1000 FPM Up
; +900 +400 " 0 LVS 500 FPM Up
; +900 ~100 " 0 Dive
- +500 -400 0 Dive
! 0 +400 " 0 Dive (Bias)
4 i 0 0 " o] Dive or Climb (Bias)
S 0 -400 " 0 Climb (Bias)
; ~900 +400 " 0 Climb !
. ! -900 +100 " ) Climb ‘
: . ~900 =400 " 0 LVS 500 FPM Down |
E : ~1800 +400 " 600 Down LVS 1000 FPM Down
T ~1800 -400 " 600 Down | LVS 1000 FPM Down
1 i ~3000 -200 " 1100 Down LVS 2000 FPM Down
T ~3000 -400 " 1100 nown | None
+1800 +200 " 2000 Up LVS 1000 FPM Up
+1800 0 " 2000 Up Level Off
b +1800 -400 " 1000 up LVS 1000 ¥PM Up
k +900 +400 " 1000 Up Level Off
+900 +300 " 500 Up LVS 500 FPM Up N
+900 +100 " 500 Up Level Off*

*The lower predicted coaltitude bands are then checked
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ent altitude. In order to accomplish thils, additional traffic simulatocs had
o be used.

A very important function of the traffic simulator was to supply fruit
and interrogations to the AVOID I during laboratory and flight tests, A pseudo-
random noise generator provided fruit pulses with a repeat cycle of 9.3 hours
at the maximum fruit rate. Fruit could be generated at rates from 1000 to
64,000 pps. Interrogations were also generated at rates from 6 to 1536 inter~
rogation quads/second. A mode switch permitted either 20% or 100% of the
interrogations to be within the altitude acceptance gate of the AVOID I being
interrogated. In the 20% position, 80% of the interrogations were outside of
the target's altitude response band, The predicted fruit rate in Appendix A
of the FAA 1982 Los Angeles Traffic Model of 32K/1536 (20%) was used for a

large number of tests. Twice this rate, 64K/1536 (20%) recommended in Appendix A

wag used in many of the tests to determine degradation factors, In still other
tests, particularly false alarm teits, the fruit level was taken up to 96K/3072
(20%) using two traffic simulators to accelerate tests too lengthy to run at
lower fruit rates.

DIGITAL DISPLAY AND INTERFACE (DDI)

Before Honeywell's proposal submission, NAVAIRDEVCEN initiated several
lenghty technical sessions with Honeywell in which NAVAIRDEVCEN delineated the
parareters to be displayed on the digital display and those to be interfaced
with the NAVAIRDEVCEN incremental magnetic tape recorder installed in each air-
cxaft tn gather data from the AVOID I CAS during actual in-flight collision
encounters., NAVAIRDEVCEN not only indicated which output parameters were to be
recorded, but also those internal parameters which were considered crucial to
an incontestable evaluation. In reviewing the system operation, NAVAIRDEVCEN
determined that the normal operating mode of the equipment was such that un-
reasonable amounts of money and flight time would be required to determine

the communications reliability and range rate accuracy of the AVOID I. This comes

about because the AVOID I only completes an interrogation sequence if a TAU ONE
or TAU TWO threat exists, Thus, if two aircraft are flying a collision encoun-
ter and are not a threat to each other, no range or range rate measurement is
possible until the range divided by range rate has exceeded the appropriate TAU
threshold. This led to the concept of a special interrogation mode for gather-
ing range and range rate data before entering the TAU TWO threat zone. This
mode was called the unrestricted mode., In this mode, a complete set of inter-
rogations was made every 3.2 seconds regardless of whether an intruder was
present or not. In this way range, range rate and TAU data was available out-~
side of the TAU threat zones and meaningful statistics could be compiled for

communications reliability, communications range, and range/range rate accuracies

irrespective of the maximum aircraft speeds available. Thus, in most of the
flights, the equipment was placed iritially in the unrestricted mode to gather
communications reliability data prior to entry into the TAU TWO zone. When the
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TAU TWO threshold was exceeded, the mode was changed to normal for subse-
quent data in that encounter until a point was reached at which the aircraft
had an opening rate. Then, the unrestricted mode was enabled to gather
opening data.

As can be seen on the front panel of the engineering display in Figure II-5,
the following parameters were displayed for real time obsecvation:

1., TAU in seconds to the nearest second up to a maximum of 89
seconds (90 seconds signifies 290 seconds and 99 seconds signifies an opening
rata)

2. Range in thousands of feet to the nnarest 100 ft to a maximum of
999.9 kilofeet (164.6 nmi)

3. Range rate in fget per second to the nearest 10 feet per second
(6 knots) (Even though the digital read-out is to the nearest foot per second,
the smallest increment possik‘e is 10 feet per seocond)

4, Interrogations transmitted in interrogation quads per second to
the nearest quad per second

5. Interrogations received from the traffic simulator in quads per
second to the nearest quad per second up to a maximum of 9999 quads per second

6. Fruit replies received from the traffic simulator in 100's of
replies per second to the nearest 100 repliess per second up to a maximum of
99,900 replies per second on the display (Actually at fruit rates beyond this,
the counter is still operative, e.g., 128,000 pulses per second will appear as
28,000 pulses per second)

7. Intruder 1 and intruder 2 threat levels of TAU ONE, TAU TWO,
TAU EQUAL predicted coaltitude, <1300 ft, $1800 ft, and <3300 £t altitude
differentials for targets above and/or below together with an indication of
whether bias has been applied to responses are displayed by small indicator
lights alongside the appropriate threat legend.

8. Intruder l/Intruder 2 switch selects which intruder's range,
range rate and TAU are displayed.

9. Start sequence switch ~ permits transfer of data from the DDI
to the incremental tape recorder.

10. Month/day switches set date which is interfaced and recorded
on tape recorder.

11. Flight/encounter switches set flight number and encounter number
which is interfaced and recorded on tape recorder,
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Figure II~6 and Figure II-7 are block and system interconnect diagrams, res-
pectively, of the DDI and system interfaces. They depict those additional para-
meters (over and above those displayed) which are interfaced to the recorder.
These include TACAN range and bearing, real time, digital altitude of own
aircraft, range, range rate, and TAU to both intruders ) and 2, and the AVOID
internal threat status of all threats on a round-to-round basis before being
processed through the display logic. By means of control pulses referenced

to 100 KHz clock pulses generated by the DDI, the DDI transferred 20 bit data
messages from the TACAN which contained range and bearing information (approx-
imately 300 ft accuracy in range and 2° in bearing). The digitizing altimeter
provided altitude in grey code which was interfaced to the recorder and decoded
from the tape by the computer program,

The digital clock system inatalled in each aircraft provided the exact time
at the end of each round with a read-out to a 0.,i millisecond. The clock in each
aircraft was synchronirzed to WWV by aligning the eight millisecond wide pedestal
from the synchronometer with the eight millisecond wide time tick received from
WHV once every second. With all aircraft and the theodolite range synchronized
in this manner to within approximately a millisecond, data at both ends of the
link could be compared to a common time reference and this in turn could be
compared to the theodolite measurement of aircraft range and closing rate to
assess the accuracy of the AVOID in measuring those parameters.

The DDI processed all of the digital data for proper interfacing with the
Kennedy Model 1708 seven track incremental magnetic tape recorder., It provided
80 characters consisting of four bit bytes; an 80 to 1 multiplexer was used to
convert the parallel data input to a serial data output required by the Kennedy
1708. An odd parity check was generated internally in the tape unit and re-
corded on the seventh tape track. To ingure accurately recorded data, the tape
deck had a buffer memory in which all incoming data was stored and compared to
the recorded data, If the two were not exact, the data was rerecorded auto-
matically. The tape format is shown in Figure II-8

COMPUTER PRINT-QUT OF IN-FLIGHT DATA

After each flight, the tape from each aircraft was taken to the NAVAIRDEVCEN
CDC 6600 Digital Computer for decoding and print-out. Since all of the data
racorded during a round would not fit within the confines of the standard print-
out, the data as referenced to time had tv be split up into two different
print-outs. The first section of the print-out (Sectisn 1) consisted of time;
the CAS display command; the range in kilofeet, range rate in feet per second,
and TAU and threat levels for intruder 1 and intruder 2; own altitude; fruit
replies received; interrogations transmitted; interrogations received; and all
threats data, A sample Section 1 print-out comprises Figure II-~9, and the
nomenclature will be found in Table II-3, The second sgection of the print-out
(Section 2) consisted of the time; the CAS display command; the range, range rate
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Block Diagram o