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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;
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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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*** TAIGGER 1S TEST POINT ON PROGRAMMER FOR THE PREVIOUS OCTAYE
AVOID~1 - DDI Data Format For Recorder Interface

Figure II~8.
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and TAU for intruders 1 and 2 in nmi, knots and seconds; TACAN range and bearing;
own altitude; fruit replies received; interrogations transmitted; and inter-
rogations received, A sample Section 2 print-out is shown in Figure II-10

and the nomenclature in Table II-3.
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Table II-3 COMPUTER PRINT-OUT NOMENCLATURE

a print-out of what the pilot sees displayed on his CAS/VSI
indicator

Examples:
200 ANT ~ limit vertical speed up to 200 fpm, do not turn
1900 BNT ~ limit vertical speed down to 1000 fpm, do not

turn
1000 A 200 BNT - limit vertical speed up to 1000 fpm, limit
vertical speed down to 200 fpm, do not turn

CLIMBNT - climb, do not turn

that target which is closest in range in the first altitude
band interrogated containing targets

that target which is closest in range in the next altitude
band containing a target

The slant range between own alrcraft and intruder aircraft in
thousands of feet (Section 1), nmi (Section 2)

The first derivative of slant range with respect to time in
feat per second (Section 1); knots (Section 2)

the range divided by the range rate - the time to collision if
two aircraft are on a collision course in seconds

the threat status of target No. 1 inputed to the threat logic
matrix the output of which is displayed on the CAS/VST indicator

Examples:

CBl - coaltitude below TAU 1
CB2 coaltitude below TAU 2
CAl - coaltitude above TAU 1
13A -~ 51300 feet above
20A = <2000 feet above
32A ~ £3200 feet above
138 - 51300 feet below
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Table II-3 COMPUTER PRINT~OUT NOMENCLATURE (continued)

208 - 52000 feet below
32B - £3200 feet below
13A PCA - 51300 feet above predicted coaltitude
20BPCA =~ 22000 feet below predicted coaltitude

the threat status of target No. 2 inputed to the threat
logic matrix

own altitude derived from digitizing barometric altimeter -
thousands c£f feet

the sum of real, and simulated target replies from the traffic
simulator injected into the front end of the AVOID receiver

(representing aircraft replies (fruit) to interrogations other
than those from own aircraft) in hundreds of pulses per cacond

the number of times the AVOID CAS interrogates the aircraft
population - pulse quads per second

the number of interrogations received by the AVOID from the
aircraft population.

Since the digital display and interface contains only two
tracking channels, it is desirable to have the capability
of displaying the threat status of additional targets; this
is accomplished in the print-cut of the ALL Threats Data
(intermediate display logic)

Examples:

P20 ~ £3200 feet above
Pl0 - £2000 feet above
PS - <1300 feet above

PCA - predicted coaltitude above
T2A - coaltitude TAU 2 above
T1A - coaltitude TAU 1 above

T1B -~ coaltitude TAU 1 below

T2B - coaltitude TAU 2 below

PCB - predicted coaltitude below
M5 ~ <1300 feet below

M(10) =~ <2000 feet below

M{20) =~ <3200 feet below

(EAl) = equal altitude TAU 1 above target initially >+100
feet above finally within +50 feet

(EA 2) - equal altitude TAU 2 above target initially >+100
feet above finally within +50 feet
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Table II-3 COMPUTER PRINT-OUT NOMENCLATURE (continued)

! (EBL) - equal altitude TAU 1 below target initially <~100
- feat below finally within +50 feet
. (EB2) - equal altitude TAU 2 below target initially <-100

feet below fi. 1lly within +50 feet
(EA2 B2) - coaltitude TAU 2 within t50 feet
(EAl Bl) -~ coaltitude TAU 1l within +50 reet

(TA) - TAU 2 or TAU 1 above within +100 feet to +400 feet
, (TB) = TAU 2 or TAU 1 below within -100 feet to -400 feet
4 BIAS - To ensure complementary vertical maneuvers in a TAU 1 situation,

when the altitude separation is measured as 2400 feet, the
respunding aircraft, which has assessed the threat, biases the
altitude with which he responds by 200 feet in the direction of
the escape maneuver

Examples:

‘ ) own altitude biased +200 feet
= (=) own altitude biased -200 feet

{ :ﬁﬁA: - Range in nautical miles to TACAN beacon (air-to-ground mode): E
B Range range nmi between aircraft (air-to-air mode) to nearest thousandth 3
F of a mile I
i :
i TACAN 7

- Bearing in degrees of the TACAN radial being flown to nearest
Bearing hundredth of a degree (air-to-ground mode); bearing to another
aircraft (air-to-air) aot available yet

49
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NADC-75056-60

CHAPTER III

LABORATORY TESTS

INTRODUCTION

This chapter contains laboratory tests of the link sensitivity, trans-
ponding and reply sensitivities, power budget, range and range rate accuracies
as a function of fruit, round time, and threat logic. The laboratory tests
of the co-range and false alarm properties of the AVOID I (which comprised
the major portion of the laboratory tests) are contained in Chapter VIII,
together with the actual in-flight false alarm data and analysis. The
primary purpose of the laboratory tests was to establish that the CAS in
fact had the required charasteristics to make flight testing worthwhile.

LINK SENSITIVITY

This test was one of the first tests performed since the link sensitivity
between two airborne CAS equipments determines the maximum distance over which
communications can be maintained reliably. The test setup is shown in Figure
III-1l. One AVOID I was operated inside the screen room and one outside the
screen room. The two were connected to each other by means of a calibrated
150-foot delay line and a calibrated variable attenuator. Suitable altimeter
inputs were provided to each AVOID to establish a co~altitude situation. CAS
displays, both of which were visible to the engineer in the screen room were
connected to each AVOID I; one display had a climb command; the other a dive
command. The criteria used to establish the link sensitivity was the maximum
attenuation which could be inserted between the two AVOID I's without experi-
encing a single missed display in 100 rounds.

Table III-1 is a tabulation of the link sensitivities of all the possible
AVOID link combinations for the three AVOID I's delivered. As can be seen,
the link sensitivities are well balanced being within #1.3 db of a nominal
131.8 db. It is to be noted that this test is much preferred to individual
measurements of output power and receiver sensitivity insofar as the overall
link operation is concerned for the foliowing reasons: (1) the measure-
ments are reliable and a complete system check-out can be performed in a
reasonable length of time, (2) the possibility of the center frequency of
the receiver being off is automatically taken into consideration, and
(3) the pulse and spectrum characteristics of the transmitter are auto-
matically taken into consideration.

RECEIVER SENSITIVITY

The reply and transponding sensitivities of the AVOID reccivers were
meagured by means of the calibrated signals originating in the traffic

50
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NADC-75056-60

TABLE III-l. LIWJK SENSITIVITIES OF ALL OF THE
POSSIBLE LINK COMBINATIONS OF THE THREE AVOID I
EQUIPMENTS AT FRUIT RATE OF 32K/1536 AND 64K/1536*

) AVOID Serial A£tenuation
Number in the Link
l B - Bottom 4]

T = Top
» 1B to 2B 131.0
1B to 27 131.0
1T to 2B 131.0
: 1T to 2T 130.5
{L 1B to 3B 132.0
1B to 3T 132.0*
; 1T to 3B 133.0
' 1T to 3T 132.0
2B to 3B 132.0
2B to 3t 133,0*
2T to 3B 131.0
2T to 3T 130.5
52

Rtic... i cmmiien



NADC~75056-60

simulator. The reply sensitivity was determined by gradually increasing the
signal level of the replies from the traffic simulator until the AVOID I re-
ceiver under test began to track the simulated target. Then the signal level
was raised in steps of 0.5 db until a signal level was reached where therxe i
were a minimum of 99 successful tracks out of 100. The transponding sensitiv-

ity was determined by gradually increasing the attenuation in the loop by

means of an attenuator on the traffic simulator until a point was reached ]
where the AVOID I failed to respond to an interrogation. The presence of

responses was averaged and indicated by a green light on the front panel

of the traffic simulator. The attenuation was then decreased until the

indicator stopped blinking.

From the results in Table III-2, it will be seen that the reply ;
sensitivities of the six receivers were within $0.8 db of a nominal 75.3 db :
and the transponding sensitivities were within $1.0 db of a nominal 74.5 db. !

1N 1 et e s e+ e e

POWER BUDGET

Based on the link sensitivity and receiver sensitivity measured in the
screen room tests, the effective power budget is the following:

, Transmitted power + 57.3 dbm §
! Receiver sensitivity =_74.5 dbm
H Link sensitivity 131.8 db ;

Antenna lead in losses ;

| (total for both acft) 4,0 &b
: Path loss for 15 nmi 124.0 db
Total path losses 12,0 db

. Theoretical margin
(assuming +1 db forward
gain in each acft) 5.8 db

RANGE AND RANGE RATE ERRORS

Range rate errors were determined in the laboratory by setting up on
the traffic simulator a moving target at a fixed cluosing rate and fixed
signal level without fruit and at fruit levels of 16K/1536, 32K/1536 and
64K/1536. The mean range rate error and standard deviation were then
calculated from the data. Figure III-2 depicts a set of these error curves
for a target closing at 59.2 knots at a signal level of -70dbm. At zero !
fruit rate, the mean error was +2.4 knots with a sigma of 4.4 knots. The
errors increased with fruit reaching a mean error of +4.1 knots with a sigma
of 6.6 knots at a fruit rate of 64/1536. i
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RECEIVER REPLY AND TRANSPONDING SENSITIVITIES 1

e yem ey

AVOID Serial Receiver Sensitivity - DBM
Nunber Reply Transponding
E
#1 Bottom =74.5 =73.5
#1 Top ~75.0 ~74.0 ‘
#2 Bottom -75.0 -75.0 3
#2 Top -75.5 -75.0 #
#3 Bottom -76.0 -75.5 g
43 Top -75.5 -74.5 3
:
K
1
i
i
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Range errors were determined in the same basic way with the exception
that a fixed intruder was substituted for the moving target. From Figure
IIT-3, it can be seen that the mean error at a zero fruit rate was +97
feet decreasing gradually with increasing fruit rate to 91 feet at 96XK/1536.
The standard deviation at zero fruit rate was zero feet and steadily in-
creased with increasing fruit rate to 31 feet at 96K/1536.

ROUND TIME

On one of the NAVAIRDEVCEN computer programs foxr AVOID I data reduc-
tion, the time interval (round time) between events was printed out in
addition to the basic threat data., Thus, the upper and lower bounds of
the round times for intruders=1300 feet and intruders -»1300 feet could
be determined with fruit rate as a parameter.

The round time results at fruit rates from zero to 64K/1536 are
tabulated in Table III-3.

TABLE III-3. MEASURED ROUND TIMES

Intruder Altitude

Differential - Feet Round Time - Seconds Fruit
<1300 3.2 £ 0.2 0 to 64K/1536
>1300 6.5 % 0.2 0 to 64K/1536

It can be gseen that the round time for intruders=1300 feet was within

+0.2 seconds of a nominal 3,2 seconds. This applies to all TAU 1 and

TAU 2 coaltitude commands, predicted coaltitude commands and non-coaltitude
advisories within a $1300 foot altitude differential. Predicted coaltitude
commands and non-coaltitude advisories at altitude differentials greater

than 1300 feet had a round time within 0.2 ceconds of a nominal 6.5 seconds.

THREAT LOGIC

In order to establish that the altitude threat zones complied with
ANTC-117 the traffic simulator was used to place intruders at altitude

i
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differentials within each altitude zone, 100 feet below the boundary, at

the boundary, and 100 feet above the boundary. This procedure was followed
for the 9500 feet and below logic and the above 9500 feet logic which shifts
the coaltitude boundary from $600 feet to 1800 feet. The 3 aircraft logic

was exercigsed for compliance by using 2 traffic simulators so that 2 intruders
could be arranged in the required configurations: 2 intruders above,

2 intruders below, and 1 intruder above and 1 intruder below. To check the
predicted coaltitude band accuracies, vertical rate signals were used,

The AVOID I threat band implementation departs somewhat from ANTC-117
for intruders with altitude differentials of grester than 1300 feet. The
1800 foot altitude threat zone boundary is established at 2000 feet for
the 9500 feet and below regime and at 2200 feet for the abuve 9500 feet
regime. This departure from ANTC=117 is seen to be of little importance
since it is in the direction of a more conservative restriction on rate of
ascent or descent with intruders between 1800 feet and 2000 feet for the
9500 feet and below regime and 1800 feet and 2200 feet for the above 9500
foot regime. However, by changing the altitude interrogation codes, ths
exact ANTC-117 boundaries could be implemented.

In the ANTC-117 document, communications is required for intruders
within altitude differentials of 13300 feet whether own aircraft is in
level flight or ascending or descending at rates up to 2000 feet per
minute. The AVOID I CAS, in common with another CAS, departs from that
logic on tha hasis that when in level flight, the altitude differential
protection required differs from that required when ascending or descending
at 2000 feet per minute. Consequently, the AVOID I in the above 9500 foot
regime covers an altitude differential of 1300 feet when in level flight or
when ascending or descending at less than 500 fpm, an altitude differential
of +2200 feet when ascending or descending at greater than 500 fpm but less
than 1000 fpm, and an altitude differential of t3200 feet when ascending or
descending at greater than 1000 fpm. 1In the 9500 feet and below altitude
regime the $2200 feet altitude differential is reduced to +2000 feet.

Except for those deviations noted above and occasional boundary
errors discussed in detail in Chapter VIII, the AVOID I conformed to
ANTC-117 with respact to the altitude threat zones for level flight
conditions ,including ascending and descending at less than 500 £pm)
and for ascanding and descending rates greater than 500 fpm in which
the adaptive predicted co-altitude boundaries were employed,
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CHAPTER IV

FLIGHT TEST PLAN SUMMARY

INTRODUCTION

The details of the f£light test plan are found in reference 4. The
primary objectives of these flight teats were to determine:

a. The communication range as a function of the angle between the
flight paths.

b. The round/display reliability and the effectiveness of the air-
to=air data link in the presence of fruit.

¢. The acouracy of AVOID-I range and range rate.

d, The ability of AVOID-I to provide timely and correct advisories
and maneuver commands.

COMMUNICATION RELIABILITY TESTS

The objectives of the RF link (communication reliability) tests were
to determine the range at which the required link parameters are established
as a function of flight geometry. GSpecifically, at what distances can
target aircraft be detected and tracked for range, range rate, and altitude.

The hazard range for the AVOID I is approximately 7.9 nmi below 10,000
feet of altitude for a closing velocity of 550 knots, and approximately
15 nmi above 10,000 feet of altitude for a closing velocity of 1200 knots.
This applies to the head-on encounter case. For other angles between
£light paths and various aircraft velocities, the hazard radius is proportion-
ately less. The flights were flown with the artificial injection of fruit
signals rapresenting dense traffic in accordance with Honeywell computer
simulations.

The RF link and, thus, the hazard detection ability, is directly
dependent on antenna patterns. Ideally, the aircraft antenna patterns
should favor the forward direction since this is where the greatest closing
velocities will occur. However, the flight test included traffic geometries
to encompass 360° coverage around the participating alrcraft to test adequate
hazard detection (in time) for all directions around a protected aircraft.

The flights were run both above and below ).0,000 feet to test the use
of different power levels as well as the different aircraft velocities.
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] In addition, tests were run with one alrcraft above 10,000 feet and the
other aircraft below 10,000 feet to test the "above/below 10,000 feet"
mode of operation.

E
Three aircraft encounters were flown to test the multiple aircraft
communication reliability and collision avoidance logic. The patterns é
flown included "Single Daisy" (see Figure IV-I) where one aircraft flies
the figure eight and the other aircraft does 150 turns, head-on and tail
s chase encounters. k

¢ Some of the flights were flown with 6db attenuators in the antenna !
cable path to simulate communication to twice the distance, and some
£lights were flown with 9db attsnuators to simulate still greater range.

Data derived from these flights included:

a. Range and range rate between aircraft at first track of each :
encountex é

b, Plot of range versus angle between flight paths

¢, The round reliability from the first track of each encounter é

until the first TAU TWO warning .

] d. The round and display reliability of TAU TWO and TAU ONE tl.reats 3

] ;

: e. ‘The accuracy of the data link for altitude discrimination !
f. The abillity to track multiple targets

g. The occurrence of false alarms, which include phantoms created ;

by fruit as well as altered alarms created by frult, poor communication
reliability, poor altitude boundary resolution, or other factors.

h. Statistics on warning time )

The AVQID I equipment should be able to detect and evaluate a
potential hazard situation in a timely manner to cnable safe separation
aassurance. This necessitates the extrapolation when necessary of the data
! to "worst case" combination of aircraft velocities to determine Just when
: targets are detected and evaluated ir terms of time-to-collision. 1Ideally,
; the system should detect and evaluate, as a minimum, all TAU TWO situations
nearly 100 percent of the time. However, outside of these minimum require-
ments, any additional communication range beyond a safety margin for trans-
mitter power variations, etc., should be small to keep the fruit inter-
ferance problem to a minimum,
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SENSOR ACCURACY TESTS

The objective of these tests was to determine the ability of the

. AVOID I to measure range and range rate to other aircraft. The operating

¢ area was the Phototheodolite Range, Naval Alr Test Center, Patuxent River, !
¢ : Maryland. Minimum instrumentation accuracy was better than: range 50 ft,
i 1 sigma and range rate 2 kt, 1 sigma,

ARG

Figure IV-2 is a map of the controlled area showing the local
coordinate system, Table IV-1l is a description of each type of encounter
planned.

Range and range rate were determined from the Phototheodolite .
tracking system., These were compared with the same quantities measured
. by the AVOID I.

Primary data derived from these flights include range and range rate

accuracy, TAU accuracy, and warning time. Since the flights were over
water, significant information on multipath effects was obtained.

; OPERATIONAL TESTS g

The "Operational Tegt Flights" were performed to examine the capabil-
ities of the vertical maneuver escape logic, and determine conformance
with ANTC 117 TAU zone and altitude zone boundaries,

Five maneuver commands are used by the AVOID I. These are the
Vertical Maneuver, the Hold Altitude, the Level Off, the Do Not Turn, and
the Vertical Speed Restriction.

Tests were conducted to determine the ability of the AVOID I to
. define the altitude bands. A series of low range rate overtaking runs
: at specified altitude levels were flown. This allowed evaluation of the
equipment capability to determine co-altitude, alrcraft above (below)
bands, and the altitude “tie breaking" logic., Avoidance maneuvers were
not made during these runs, 1Initial and final altitude separation are
specified for each encounter in Table IV-2.

The remaining flights were the TAU zone boundaries and avoidance
maneuver tests. CAS warning logic is based upon the quantities TAU
(range/range rate), altitude difference (delta h; and minimum range (Rm).
Selected values of TAU and minimum range, and differential altitude define
TAU zones and altitude bands. An intruding aircraft, on entering into a
specific altitude band and TAU zone initiates an advisory warning or
avoidance maneuver command to be displayed to the pilot by means of the
pilot's cockpit indicator. In response to the maneuver command, the pilot
executes an avoidance maneuver.
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TABLE IV-l. THEODOLITE FLIGHT TEST PROFILES

Type of A _Altitude Initial Location
Encounter # Encounter a/cl A/C 2 A/C 1

1 Head-On 4,000 5,000 0, ON 10, 0 s

2 " " " 10, 0 8 0, ON

f 3 Head-On 4,000 5,000 0, ON 10, 0 s
4 " " " 10, 0 8 0, ON
; 5 Tail-Chase 4,000 5,000 3, ON -3, ON
6 " " " 7, 08 | +13, 0 8

7 Parallel 4,000 4,500 3, ON 0,-1 N

;ﬁ 8 " “ " 7,08 | 10,158
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TABLE IV-2. CAS/VSI DISPLAYS ASSOCIATED
WITH ALTITUDE BOUNDARY PENETRATION

' Run INITIAL ALT FINAL ALT
3 ) Ne. Separation Separation Display
N
1 1 3100 3400t LVS 2000/No threat
‘ ' 2 34002 3100 No threat/LVS 2000
! 3 2200 1900 LVS 2000/LVS 1000
: 4 1500 1200 LVS 1000/LVS 500
53 1000 700 LVS 500/Co Alt (above)
. 5a3 800 500 IVS 500/Co Alt {above)
6 600 =200 CoAlt (above)/Coalt (below)
7 -400 +400 CoAlt (below)/Coalt (above)
8 3400 s004
9 500 34004
10 3400 5004
11 500 34004
3 . NOTES: 1. Altitude change within each run at 200 fpm. DDI set for
unrestricted interrogation runs 1 through 4; restricted for
runs 5 through 7.
b ol s s vetwee: v -5 3 o 0 fpm with DDI set for
: Euat. o' -t a.@rraogation.

Run 5A below 10,000 feet; Rur. . above 10,000 feet.

Altitude change for runs 8 and 9 at 600 fpm and runs 10 and
11 at 1100 fpm with DDI set for restricted interrogation.
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Three cases were planned., For Case A, level flight, non-turning,

two aircraft flew a single daisy pattern with an initial altitude separation
of 500 feet. Each ailrcraft obeyed the CAS commands and returned to 500 feet
separation after completing each encounter. Similar tests were made with
three aircraft at various initial altitude separations. Here, two aircraft
flew perpendicular figure eight patterns, and the third aircraft flew the
daisy pattern. These encounters also provided data for Communications Range
and Round Raliability.

Case B is level flight, turning. Maneuvers in the horizontal plane
which generated lateral accelerations are protected against by means of the
"no turn" command. Turning maneuvers have the effect of reducing warning
time available to effect an avoldance maneuver. "Worst case" conditions
of turning maneuvers occur when one or both of two aircraft initially on
parallel or slightly convergent courses turn into the other, with both
alrcraft at approximately the same speed. For this test, the aircraft
started in parallel flight at various distances with a 1000 foot altitude
separation. Using altimeter simulator boxes, each AVOID I indicated an
altitude separation of 500 feet. At a spacified time, both aircraft
turned into one another and ignored the CAS commands. Each encounter
was repeated with the aircraft now obeying the no turn command.

Case C is to determine, for two aircraft encounters, the generation
of warning or advisory signals, with alrcraft ascending or descending.
Maneuvers in the vertical plane (climbs or dives) are regulated by means of
the "level off" command or "limit vertical speed" signals. In the AVOID I,
the "level off" command is gnnerated by use of own altitude rate (h) and
a comparison of altitude differenc., delta h, with the predicted co-altitude
zZone. The logic within the CAS first examines the altitude threat by com-
paring transmitting alrcraft altitude data relative to own ailrcraft altitude
data., On the basis of this aevaluation, the equipment classifies the altitude
threat as:

a, Co-altitude -~ delta h = zero to $B00 ft
b, Advigory above/below == delta h = 900 to %3300 feet

c., Predicted co-altitude -~ only existing in direction of change when
own altitude rate ls greater than 500 fpm, Delta h = +B800 feet #{h x 30)
where B is own altitv e rate in fps.

Below 10,000 feet of altitude, the B00/900 foot boundary is reduced to
600/700 feet. When an intruder is within the predicted co-altitude cone
boundary and is TAU ONE or TWO, a "“level off" command signal is gesnerated.
For these encounters, two aircraft fly the daisy pattern with an initial sep~
aration ot 2000 feet. When the higher aircraft is 1 minute in time from the
TACAN ground beacon, it descends into a collision at a rate of 2000 ft/min.
The CAS commands ara obeyed to provide ‘afe operation,
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CHAPTER V

AVOID I MODIFICATIONS INCORPORATED DURING FLIGHT TESTS

. INTRODUCTION
This chapter discusses problem areas which were ur by
NAVAIRDEVCEN and the solutions incorporated during the « -« of the
£light tests. Each problem is identified with its sri .i- . together

with a discussion of the problem, the effectiveness of ... modification, E
and the implication which it poses. 1In Appendix ¢, Honeywell describes

the AVOID I post shipment modifications and delineates the circuit changes

required.

FALSE ALARMS DUE TO MULTIPATH

Problem

The formation of conditional phantom alarms and alarm alterations
due to multipath of the second pulse pair of an interrogation quad foxrming i
an illegitimate intarrogation quad with the direct path first pulse pair L
of the same interrogation quad. The multipath signal fell within the alti-
tude acceptance gate of the intruder aircraft, even though a real intruder
did not exist in that altitude band.

Solution

: To preclude this phenomenon, a multipath guard gate of approximately k
) 5000 nanoseconds was incorporated just ahead of the altitude acceptance
‘ gate. Thus, when a pulse pair with 600 nanoseconds spacing is decoded
: within the guard gate, the altitude acceptance gate is inhibited.

Discussion

Bafore thae modification, when flying over water, multipath of the
interrogation pulse pair could form phantom intruders when encountering
intruders at non-threatening altitude differentiale. These were conditional
falee alarms since they roquired an intruder to be present which had ex=- %
ceedad the Tau 1 or Tau 2 threshold. In level fl.ght, if the targat 4
aircraft is above our own inturrogating aircraft, mulclpath can cause f
the formation of a phantom target below our own aircraft such that
vertical rate restrictions are imposed due to the real threat above and
the phantom threat below.
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Figure V-1 is a timing diagram which shows the mechanism by which the
conditional phantom alarm can occur. Visualize an aircraft, A, in level
flight at an altitude of 5000 feet with an intruder, B, at 6500 feet.

The AVOID normally would interrogate the I.g and I.g basic bands during

one interrogation set and then would cease to interrogate since no aircraft
was within the altitude differentials encompassed by the I.g and I.g bands,
namely #1300 feet. It will be noted that in the diagram the second pulse
pair of the I,g direct path interrugation did not fall within ajrcraft B's
altitude acceptance gate; however, due to multipath, a delayed second pulse
pair does fall within aircraft B's altitude acceptance gate and does so on
all six of the remaining interrogation sets, forming a complete co-altitude
Tau track sequence. Thus, even though no command should be displayed, a
dive command would ke dispiayed.

A typical flight profile before the multipath modification is shown
in Table V-1, The table shows the pilot's display together with the cox-
rect display for the NC-117 aircraft flying at 3800 feet altitude over the
Chesapeake Bay area (Patuxent River) with the Tau intruder at an altitude
of 4800 feet, The propor command was 500A (limit rate of climb to 500 feet
per minuce).

Commencing at a 6 nautical mile aircraft separation and persisting
through 4 nautical miles, the first pulse pair I.g interrogations were
correlated with multipath of the second pulse pair I_g interrogations which
fall into the receiving aircraft's altitude acceptance gate, It then re-
sponded and this resulted in a Tau track in the I_g band, thus forming a
phantom target below in addition to the real target above., The resulting
command was a "limit vertical speed down to 200 fpm, do not turn" (200
BNT) and a 500A. At 3.5 nautical mile to 3.1 nautical miles aircraft separa-
tion, not only did multipath cause a Tau track in the I_g band, it also
cauged altitude correlation in the I.;j; band in the fifth and seventh
sets of interrogations, due to the longer multipath delay, as the aircraft
came closer to each other. The resulting command was a 500A, 500B. From
2.7 nautical miles to minimum separation, the multipath effects disappeared
and the correct command of S00A was displayed.

Alarm alterations occurred when an intruder was in a basic altitude
response band and not in the branch altitude band such that the multipath
of the second pulse pair of the branch altitude interrogation fell within
the altitude acceptance gate of the interrogated aircraft. In ascending
flight, greater than 500 fpm, if the target is above the interrogating
aircratt, multipath can cause an alarm alteration to a more threatening
type. This is correlation in a lower altitude response band on branch
interrocgations. In lavel flight, if the target aircraft is below the
interrogating aircraftt, multipath can causa an alarm alteration to a less
threatening type, by correlating in a lower altitude band,
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TABLE V=-1. FLIGHT OVER WATER SHOWING EFFECT

OF MULTIPLE PHANTOM INTRUDERS P-3 VERSUS NC-117

Alrcraft Correct Actual CAS

Separation Display Display
NMI
6.9 500A 500A
6.4 " 500A
6.1 " 500A 200 BNT
5.8 " 500A 200 BNT
5.1 " 500A 200 BNT
4.8 " 500A 200 BNT
4.3 " 200 BNT
3.9 " S00A 200 BNT
3.5 " 500A 500 B
3.1 " 500A 500 B
2.7 " 500A
2.3 " 500A
1.9 " 500A
1.5 " 5004
1.1 " 500A
0.5 " 500A
0.4 " 5007

NC~117 Print~out of P-3 Flight 8 7/12/74 Bncounter 15

Theodolite Range Chesapeake Bay Area
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Figure V-2 shows how such an alarm alteration in level flight can
occur.

visualize an aircraft, A, with an intruder, B, 500 feet below. Aircraft,
A, interrogates the I.g basic band which falls within B's altitude acceptance
gate for all seven sets of interrogations. On the f£ifth and seventh sets
of interrogations, A makes branch interrogation in the I_;3 band. The I.jj
direct path interrogation does not fall within B's altitude acceptance gate
but the I.;3 multipath interrogation does; on this basis, aircraft A dis-
plays a limit vertical spead to 500 fpm below (500B) rather than the correct
command of climb.

In Table V-2, a number of the possible phantom intruder alarms and
alarm alterations due to multipath over water are tabulated. It rovers
cases involving level flight (mode one), ascending or desvending at be-
tween 500 fpm and 1000 frm (mode two) and ascending or descending at
greater than 1000 fym (mode three). The altitude response band correla-
tion due to the direct interrogation path is shown together with the dis-
play that should be present. Also shown is the altitude responsge band
correlation due to multipath alone which must be logically combined with
the correlation due to the direct path to obtain the final logical output.
The last column shows the actual display under the multipath conditions.

The present solution is a 5000 nanosecond guard gate ahead of the
altitude acceptance gate which inhibits replies if one second pulse pair
of an interrogation is received in the guard gate interval. This satis-
factorily solved the multipath problems encountered during the remainder
of the flight tests for the flight profiles flown. However, even with
this modification multipath signals whose time of arrival exceeds the direct
signal by mora than 5000 nanoseconds can be correlated in the altitude gate
resulting in an erroneous reply. Therefore, a more general and comprehen=-
give solution is the multipath adaptive guard gate conceived by NAVAIRDEVCEN
which would measure the multipath delay of the first pulse pair and set the
guard gate of the second pulse pair at that delay. Thus, the interval over
which inhibiting takes place would be much narrower and valid interroga-
tions would be honored with a higher probability. 1In addition, fruit
would be less likely to inhibit replies to legitimate interrogations.

FALSE ALARMS DUE TO IMPROPER ALTITUDE CORRELATION AT HIGH CLOSING
RATES BELOW 9600 FEET

Problem

Occasional alteration of an alarm in the 9500 feet and below altitude
regime when closing at rates within 65 knots of the upper permissible limit

of 540 knots occurred, For targets between 600 and 1300 feet altitude
differentials, the alarm was altered to one of greater severity. The
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phenomenon was due to the combination of receiver jitter, bin splitting,
and target movement between the X . and I,13 interrogations, resulting

in responses which fell outside the altitude correlation acceptance gate.
Thug, instead of a P5 threat, "limit rate of ascent to 500 fpm," being
digplayed, the corresponding dive command was displayed. For predicted
co-altitude targets, the alarm could be altered to one of lesser saverity.
The mechanism by which the alteration could occur is similar to the one
for the targets between 600 and 1300 feet.

Solution

The problem was solved by widening the altitude correlation acceptance
gate go that the I,g and I.l3 responses are properly correlated with the
target even if it has moved during the time interval between the I.13 and
I+ interrogations. In fact, the modification was to use the same accept-
ance gate width in the 9500 feet and below altitude regime as is used in
the above 9500 feet altitude regime,

Discussion

4 The solution was successful for the remainder of the evaluation,
However, since the majority of threats occur at closing rates undexr 250
knots, it appears that it would be more eifective to keep the acceptance
gate narrow for closing rates up to 300 knots and then widen it above that
closing rate. In this way, improper correlation due to fruit and other
target tracks would be minimized.

FALSE ALARMS DUE TO CROSSTALK BETWEEN RECEIVING CHANNELS AT HIGH SIGNAL
LEVELS

Problem

At signal strengths greater than 30 db above threshold, a recelved
interrogation quad in one receiver channel crossed over into the second
receiver channel, being delayed by approximately 100 ns. Thus, the first
pulse pair in the direct channel could pair up with a second pulse pair of
the crosstalk channel and cause impreper altitude correlation; this would
cause an alarm alteration.

For example, a target in the above 9500 ft regime which is 1300 ft
above and is in Tau Zone One should result in a "limit climb rate to
500 fpm" (P5) display. However, the target could respond to the combina-
tion of the direct I.g first pulse pair and the crosutalk delayed second
pulse palr of the iIg interrogation. This appears to the interrogator as
though a single target has responded to both the I,g and I.g interroga-
tions, overriding the correct P5 command. This results in either a climb
: or dive command depending on the interrogator's resolution of the apparent
equal altitude threat.
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Solution

The problem was solved by inhibiting the second channel for 160 ns
after the first channel output was enabled, thus blocking out the cross-
talk interrogation in the second channel as described in Appendix C.

The solution was effective throughout the remainder of the flight tests.

Discussion

The solution was straightforward for the existing problem. 1In a receiv-
er with high crosstalk rejection, the inhibit circuit would not be required.

% 1 MISSED ALARMS AND FALSE ALARMS CAUSED BY PULSE STRETCHING OF THE
' INTERROGATIONS

Problem

Under strong signal conditions, occasionally the first pulse of the K
firat pulse pair of a received interrogation would merge with the second -%
pulse of the first pulse pair, precluding decoding of the 400 ns spacing <
P between the leading edge of the first and second pulses as shown in Figure 5
: V-3. This was caused by a combination of pulse stretching in the receiver
on strong signal levels and to a lesser extent by the time uncertainties

of the encode/decode circuits. When the decoding failed in a basic altitude 2
band, a missed alarm ensusd; when it falled in a branch altitude band, a
false alarm ensued. A
i
Solution

In order to prevent this condition, the spacing between the first and

oo second pulsaes of the first pulse pair interrogation was changed from 400 ns %
: ' to 500 ns and the spacing between the first and second pulses of tha second ;
pulse pair interrogation was changed from 500 ns to 600 ns., This provided 1

adequate margin for an unobstructed leading edge on the seccind pulse of the
firat pulse pair under all signal conditions.

Discussion

No interrogation decoding problems were experienced after this 3
modification was incorporated in tha AVOID I CAS., Future equipments will 1
have even greater margin due to improved receiver design in which the {
magnitude of the pulse stretching will be reduced.
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CHAPTER VI

COMMUNICATION RANGE AND RELIABILITY

INTROD CTION

In ordar to assess efficiently the ability of the RF link betweun aircraft
to provide ample warning time, NAVAIRDEVCEN developed the single daisy versus
figure eight flight profile, Figure VI-1, In the case of a two-aircraft encoun-
ter, the aircraft flying the daisy pattern commences flying from east of a TACAN
ground station to west of the TACAN siation. ‘thile inbound to the station from
the east, his TACAN bearing is 270°, which is the course from magnetic north that
he must fly to reach the station, After passing the TACAN station and continu-
ing westward, his TACAN bearing is 90°, Tpon reaching a predetermined distance
west of the TACAN station, the pilot executes a 180°¢ left turn to position the
aircraft inbound on a radial displaced 15° from the previous radial traveled.

His TACAN bearing is now 75°, After each traverse of the TACAN station, at

the predetermined distance, the pilot executes a 180° left turn to assume a

TACAN bearing displaced 15° from the previous one. This process continues

for a total of 24 traverses of the TACAN station to form a daisy pattern, The
aircraft flying the figure eight commences flying from west of the TACAN station.
to east of the station., Wwhile inbound to the station from the west, his TACAN
bearing is 90°, which is the course he must fly to reach the TACAN station.

After passing the TACAN station and continuing eastward, his TACAN bearing
changes to 270°. Upon reaching a predetermined distance east of the station, the
pilot executes a 180° left turn to position the aircraft inbound on a radial dis-
placed 15° from the previous radial traveled. His TACAN bearing is now 255°,
Following this course inbound, he traverses the TACAN station, whereupon his
TACAN bearing changes to 75°, After reaching the predetermined distance out-
bound from the station, the pilot executes a 180° right turn and resumes his
original eastward course with his TACAN reading 90°, Two traverses of the

TACAN station constitute a figure eight. This piiot repeats the figure eight
pattern until the other pilot has completed his daisy pattern. The result, with
proper sgelection of aircraft velocities and predetermined starting and turning
distances, is a series of 24 collision encounters, meeting directly over the
TACAN station, but displaced by 500 to 1000 feet in altitude for safety of
flight. The enconters nccur in pairs, each pair being displaced 30° from the
previous pair with head-on encounters considered to be 180° encounters and tail
chases considered to be 0° encounters. The encounter angles, Figure VI-1, are
the angles between the TACAN radials flown by the two aircraft. The convention
chosen for positive and negative encounter angles was as follows:

NC-117 looks left to see RA~3B or P-3 (=)

NC-117 looks right to see RA-3B or P-3 (+)

RA-3B looks left to see P-3 (=)

RA-3B looks right to see P-3 +)
77
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Thus, an encounter angle of -90° involviing the NC-117 and RA-~3B means that the
angle between TACAN radials flown is 90° and the pilot of the NC-117 would have
to look to his left to see the RA-3B as they both approach the TACAN station.

The predetermined starting and turning distances were chosen as follows:
NC-117 - 7 nmi TACAN slant range
p-3 = 11 nmi TACAN siant range
RA-3B = 13 nmi TACAN slant range

The true air speeds were chosen in the same ratios as their starting distances
from the TACAN station, so that the aircraft would arrive over the TACAN station
at the same time. Nominally, these true air speeds were 144 knots for the
NC-117, 226 knots for the P-3, and 268 knots for the RA-3B. Howaver, these
speeds and turning distances were only approximutions since adjustments had

to be made for wind and other factors. In gevnieral, miss distances were on the
order of 0.3 nmi or less for most of the collisior -: -unters., For repeated
high-speed, hesd-on encounters between the P-3 anc *..-!B, as in flight 12,
accomplished by each aircraft flying figure eights in opposite directions, the
true airspeed was approximately 480 knots for the RA-3B and 320 knots for the
P-3.

When three aircraft were simultaneously flown in collision encounters,
two of the alrcraft flew figure eight patterns displaced by 90° in space, whlle
the third aircraft (the P-3) flew a daisy pattern. Thus, the P-3 .rcraft
generated a 360° daisy pattern with each of the other two aircraft, while they
flew repeated 90° encounters with each other.

g
with tF geometry of flight chosen for optimum (minimum £ligb* time) é
determinatior of communication range in encounter angle steps of 3. degrees, :
certain geume <y limitations had to be tolarated. For example, in the tail
chase of the P-3 at 1l nautical miles by the RA-3B at 13 nautical n'les, the
maximum measurable communication range would be 2 miles, with corresponding
but less severe limitations at other encounter angles, For the most part,
this problem was solved by using 6 db of attenuation in the RF lir between
the aircraft involved in an encounter, This had the effect of dousiing the
gecmetric limits as far as the important parameter of signal strer 'th was
concerned. Thus, the geometric limit for a tail chase between th. -3 and
RA-3B was increased to 4 nautical . "as with the 6 db attenuator. However,
since even 4 miies is not sufficient for some tail chase encounters, a
gseparate flight test number 12 was flown without the daisy pattern limitations :
in geometry for the RA-3B versus the P-3. 1In the case of the P-3 ursus the i
NC-117, the geometric limitation of 4 miles increased to 8 miles with 6 db of
added attenuation and to 1l miles with 9 db of attenuation. This was sufficient
not to warrant a separate tail chase flight.
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Typical geometric limitations for some of the communication range flights
are plotted in Figures VI-2 and VI-3 for the NC-117 versus the P-3, and the
RA-3B versus the P-3, respectively. These can be used as a convenient guide
to determine whether the communication ranges for the various flights fell
within the expected geometric limitations. One would not expect the communi-
cation range to exceed the theoretical geometric limitations, although occa-
sionally this did occur for smail encounter angles, because of imperfections
in the £flight course flown, due primarily to wind and one pilot turning sooner
or later to correct for a previous encounter with a large miss distance. Where
the communication range was limited by geometry or aircraft turning to get on
course, the range was noted as being greater than the recorded amount. Other-
wise, the ranges are considered representative of the communication ranges to
be expected for the given encounter angles. Generally, in each flight there
were two ranges for each encounter angle, These differed in some case by as
much as two to one, due to the different crab angles required to fly the given
TACAN radials going in opposite directions. While all points are plotted, the
communication range curves are drawn through the ar- xoximate mean of the avail-
able data points for each encounter angle, on each flight,

The communication ranges shown in the graphs to follow are all in terms
of the earliaest reliable range and range rate track of one aircraft by the
other, It must be remembered that the AVOID I system tested completes a
3-second track sequence consisting of 7 interrogation sets only when a threat
exists. This reduces the average interrogation rate, and hence reduces fruit.
For the aircraft used in this flight evaluation, the closing rates were gener-
ally less than 500 knots, for which the threat ranges were less than 7.4 nautical
miles. To achieve range and range rate tracking printouts beyond the threat
range, a special test wode of operation was added. This mode, called the
"unrestricted interrogation" mode, as opposed to the "normal” mode, permitted
the AVOID I equipment to complete a 3-second sequence for any target aircraft,
whether or not it was a threat. With this mode of operation, plus the addition
of varying amounts of external RF signal attenuation, the communication range
limits of the system could be established. With rare exceptions, the reliable
communication range recorded was that at which round reliability before the
TAU-2 warning threshold was reached exceeded 90%, In the subsequent section
dealing with round reliability, these rounds are called the "Before TAU-2"
rounds. The criterion used for communication range was variable, in that
there were instances in which several successful rounds in a row were achieved,
followed by gaps of several unsuccessful rounds, followed in turn by a more
consistent successful sequence of rounds before TAU-2, The lower communication
range representing the start of the more consistent sequence of rounds was
generally used. In all cases, the "Before TAU-2" round reliability corres-
ponding to the communication range used was recorded. The maximum communication
range required is 15.1 nautical miles for a head-on encounter of two aircraft
above 10,000 feet, flying at 600 knots each., The communication range required
decreases to 6.8 nautical miles for a tail chase of a 150-knot aircraft by a
600-knot aircraft above 10,000 feet.
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The communication rangs tests were run with levels of fruit ranging up
to approximately 64,000 single pulse replies per second above threshold in
one of the two receivers. The AVOID I uses a saparate receiver for each
antenna and merges the detected video reply signals into a common sat of
range bins, Introducing all of the fruit replies in one receiver is there-
fore a more severs test of traffic handling capability than dividing the fruit
equally between the two receivers. In addition, up to 1,536 interrogation
pulse quads (6,144 single pulses) per second above threshold were added to the
same receiver receiving the fruit replies. Of these, 20% were altitude coded
by the spacing of the second pulse palr with respect to the first pulse pair,
to require a response. Regardless of whether a response was required, the first
pulse palr of sach interrogation quad placed the AVOID 1 under test in the re-
sponse mode. It therefore contributed to the blocking time when the AVOID was
unavailabla to respond to the real target aircraft, thus effectively simulating
real world traffic., A second decoder is activated after 16 usec of multipath
protection to reduce the blocking. These above-~threshold fruit replies and
interrogation quads were counted in the AVOID receiver and recorded on tape.
There was no noticeable reduction in the communication range or reliability when
these levels of fruit were used at both ends of the RF link. However, false
alarms due to correlation of frult replies in the seven successive interrogation
sets of a 3-second sequence did occasionally occur at the 64,000 level of fruit
replies. Most of these were correlaticns taking place in the more distant range
bins at supcrsonic range rates, This type of false alarm could have been elimi-
nated since there was no requirement to test the supersonic capability., Alséd,
while the number of one-round fruit correlations taking place was significant,
the display threat criteria of two roundus out of three for targets within 21300
feet of altitude kept the displayed false alarm rate to a low value,

Six flights: namely 4, 6, 7, 9, 11, and 12 were utilized for communication
range data, of which flights 9 and 1l involved three aircraft., For communica-
tion range purposes, the three aircraft flights were each eguivalent to three
flights involving two aircraft, Since a single two-aircraft flight yields two
sets of communication range data, one for each aircraft, there were 20 sets of
data available involving 168 collision encounter pairs, Stated briefly, there
was sufficient communication range at all collision encounter angles flown to
ensure the required TAU TWO warning times with varying power margins for the
speeds flown. Extrapolation to the maximum 1200-knot closing rate above 10,000
feat still yielded sufficient communication range with adequats power margins
for all encounters except a few head-~on encounters between the P-3 and A-3,

It must be emphasized, however, that the extrapolation process has two major
flaws. First, aircraft capable of the higher speeds would have different
antenna pattern configurations. Second, the flight geometry would be different
for the same encounter angla. For example, a 90° encounter between a 150=-knot
aircraft and a 300-knot aircraft would involve an antenna look angle for the
300-knot aircraft of arctan 1/2 or 26,6°. The look angle for the 150-knot
aircraft would be 63.4°, This can readily be extrapolated tr, a 90° encounter
between & 300~knot aircraft and a 600-knot aircraft with the same look angles
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and twice the required communication range. However, one cannot readily
extrapolate tc a 90° encounter involving two 600-knot aircraft where the
antenna look angle would be 45° for both aircraft. In short, encounter
angles are not the same as antenna look angles. From a practical point of
view, however, the critical encounter angles are the 1R80° (head on) and the
0° (tail chase) for which extrapolation to higher speea aircraft would be
gecmetrically valid., Also, normal wind variations result in a variety of
antenna look angles for each encounter angle.

Figures VIi-4 and VI-5 show the variation in antenna look angle as a
function of the angle between radials flown for various aircraft speed ratios.
In the case of the A-3 versus the P-3, the 1,2 speed ratio was the one most
often used. Ths figures can, however, be used for other speed ratios in=-
volving the slower speed NC-117,

COMMUNICATION RANGE = P-3 VERSUS RA-3B FLIGHTS

It is instructive to examine each of the individual flights in detail,
This section deals with flights involving the P-3 and A-3 aircraft, Figure
Vi~6, flight 4, is a plot of communication range versus the angle between
radials flown for the P-3 above the A-3 with 1100 feat altitude separation.
The P-3 altitude was 11,000 feet, while the A~3 altitude was 9,900 feet. The
fruit injected into the P-3 was 32000/1536., This notation will be used through-
out the report with the first number indicating the fruit replies per second
above threshold and the second number indicating the number of interrogation
quads per second above threshold. In accordance with this notation, the A-3
fruit was 64000/1536. The solid line drawn as the mean of the available data
points (usually two per encounter angle) rep:esents the range at which reliable
P-3 tracking of the A-3 commenced. The dashed line represents the range at
which reliable A-3 tracking of the P~3 commenced. The A-3 data was available
only for the -30, -60, and -90 degree encounters, because the AVOID I in the
A-3 was operated in the unrestricted mode of interrogation only for those
encounters, The use of the unrestricted mode with 64,000 fruit replies obscured
the ability of the instrumentation to read the target range and range rate con-
sistently, but haa no adverse effect on the operation of the AVOID I system
itself. This was because the two-target range and range rate instrumentation
read-out capability was often tied up displaying non-threatening fruit tracks,
which would not have been present in the nozmal mode of operation. At lower
fruit rates, this instrumentation difficulty was not experienced, In the P-3,
the project crew was able to switch from unrestricted interrogations at the
maximum communication range to normal interrogations just before the expected
gtart of the TAU~2 warnings. Since no external RF attenuation was used on this
flight, the communication range at the lower encounter angles were limited by
the flight geometry and are therefore marked as being greater than the values
shown. The dip in the communication range at ~120 degrees is unexplained.
Nevertheless, for the speeds flown at an indicated closing range rate of 420
knots, the required communication range is only 6.5 miles for which the mean
communication range of 13,1 miles represents a margin of 6 db, At the maximum
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speed of 600 knots each, the communication range required for an encounter angle i
of -120° is 13.3 miles, for which the mean range of 13.1 miles is barely adequate. Y
However, using the same speed ratio as that actually flown (approximately 1.2) H
and increasing the speed of the faster aircraft to 600 knots, the slower air- i
craft would have to fly at 500 knots to preserve the same antenna look angles. H
The closing range rate would then be 954 knots, for which a communication range
of 12.4 miles is required. Using the same look aangle as a criterion rather than
the angle between radials flown, the extrapolated communication range margin
would be 0.6 db. The head-on mean communication range of 16.3 miles compared

to a required 7.4 miles at the indicated closing range rate of 500 knots
represents a margin of 6.9 db, When extrapolated to a 1200-knot head-on
encounter, the margin is 0.7 db assuming a required 15.l1 mile range, and only
0.1 db assuming a required 16.1 miles to allow an extra mile for the two out

of three AVOID I warning display criteria. 3

The only other head-on encounter data available with the P-3 above the A-~3
is that shown in the right-hand portion of Figure VI-7. This was a portion of
flight 12 on 29 July 1974, with the P-3 at 11,800 feet and the A-3 at 11,100
feet. The A-~3 had no fruit, while the P-3 fruit was 32,000/1536 as before. ?

3

The P=3 tracking of the A-3 commenced at 16.4 nautical miles, while che A-3
commenced tracking of the P-3 at 12,9 nautical miles, again indicating adequate
comaunication range for the speeds flown, but marginal range when extrapolated
to a head-on encounter between two 600-knot aircraft, The case of the A-3
flying above the P-3 (the left-hand portion of Figure VI-7) will be discussed
later. A histogram of the head-on communication range with the P-3 above the
A-3 is shown in Figure VI-8, The data base consisting of only three collision
encounters is limited. It indicates a range from a low of 12,9 nautical miles
to a high of 18,4 nautical miles with a mean of 15.5 nautical miles, which is
an adequate but marginal communication range for extrapolated 1200~-knot head-on
encounters. Careful attention to antenna placement could alleviate this problem.

The only other communication range data for the case of the P-3 flying
above the A-3 are the tail chase encounters of Figure VI-9 for another portion
of flight 12. To partially offset geometry limitations, 3 db of external RF i
attenuation was used. The left-hand portion of the yraph is for the A-3 tail
chase of the P~3 from 800 feet below, The solid line indicates the ©-3 was i
able to track the A-3 in one case from a range greater than 7.3 miles, and in
the cther case from a range of 13.5 miles. Correspondingly, the dashed line
indicates that the A-3 was able to track the P-3 in one case from a range
greater than 7.4 miles, and in the other case from a range of 12.9 miles.

The data corresponding to the right-hand portion of the graph was taken in a

tail chase configuration with the A-3 opening from the P-3 and 900 feet below

it. This is equivalent to a P-3 tail chase of the A-3. The solid line indicates
communication ranges for the P-3 track of the A~3 greater than 10,3 and greater
than 7.1 milesg, while the corresponding values for the A-3 track of the P-3

were 10.7 miles and greater than 7.1 miles. This data indicates the tail

chase communication range was adequate for extrapolated worst case conditions.
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Using the 10.7 mile range ccmpared to a maximum required tail chase range of
6.8 miles, the margin was 4 db.

More extensive data was available for the case of the A-3 flying above
the P-3. Figure VI-10 shows the communication range versus angle between
radials flown for flight 9 of 17 July, with the A-3 at 11,000 feet and the

P-3 at 10,500 feet. This was a three-aircraft encounter in which the required

evasive actions were taken by the A-3 above and the NC-117 below, with the P=3
flying level in the middle. The fruit at each end of the link in both the

A-3 and P-3 was 32,000/1536, External attenuation of 6 db was used to find the

limits of the communication range. Once more, the solid line represents the
earliest reliable communication range of the P-3 tracking the A-3, while the
dashed line provides the same information for the A-3 tracking the P=3. The
data sample involved 26 collision encounters covering a complete daisy pat-
tern every 30 degrees. It can be seen that the required range was achieved
at all encounter angles both at the spseds flown and for extrapolated worst
cage conditions, For example, the P-~3 mean communication range for the head-
on encounters was 18.7 miles, which represents a margin of 1.9 db using 15.1
miles as the required range, and 1.3 db using 15.1 miles as the required
range. The A~3 mean communication range for the same head-on encounters was
21,5 miles to give margins of 3.1 db or 2.5 db respectively. The tail chase
range of 10 miles compared to a worst case requirement of 6.8 miles gave a
margin of 3.4 db. The margins at most of the other encounter angles were
greater than those for the tail chase and head-on encounters. The left-hand
portion of the graph of Figure VI-7 (flight 12) has some additional head-on
encounter data for the A-3 above the P-3., The A-3 flew at 11,800 feet, while
the P-3 flew at 11,100 feet. These were four high-speed encounters in the
range of 800 to 900 knots without external attenuation. However, there was a
known malfunction resulting in a loss of at least 2 db receiver sensitivity .
the top field of the serial 1 Avoids equipment installed in the P-3. Since
this would ordinarily be the preferred receiver field, its lower sensitivity
could have induced replies from the P-3 to be transmitted out of the bottom
or non-preferred antenna, thus reducing the communication range, For that
reason, a conservative compensation of 2 db was incorporated in the plotted
results with a resultant mean communication range of 15 nautical miles for
the P-3 track of the A-3 and a mean communication range of 14.8 nautical miles
for the A-3 track of the P-3.

Figure VI-1ll (flight 11) has some additional communication range data
for the second three aircraft encounter of 26 July 1974. The data here
was limived to the smaller encounter angles between =90 and +60 degrees.,
The solid line once more represents the P-3 track of the A-3, and the
dashed line represents the A-3 track of the P-3, The reguired communica-
tion range was met and exceeded both for the speeds flown and for maximum
extrapolated speeds, For example, the maximum requirement for two 600-knot
aircraft at an encounter angle of -90 degrees is 11.2 miles. The mean P~3
communication range for thie encounter angle was 14.7 miles, giving a margin
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of 2.4 db. The P-3 margin for the 0 degree tail chase (11 miles compared to a
maximum required of 6,8 miles) was 4,2 db, This flight was made in a manner
similar to flight 9 with 6 db of external RF attenuation. The A-3 altitude was
11,600 feet, while the P-3 altitude was 10,800, There was no fruit in the A-3,
while the fruit in the P-3 was 32,000/1,536. The results of flight 11 were in
general agreement with the results of the correrponding portions of flight 9.

A communication range histogram for the head-on encounters involving the
A=-3 above the P=-3 summarizing the previous A-3 above P-3 head-on data is shown
in figure VI-12, The mean of 6 collision encounters involving 10 data points
was 17 miles for a margin of 1 db or 0.5 db, depending on the cholce of 15.1
or 16.1 miles for the required extrapolated 1200-knot range. The extremes
ranged from 12.3 miles to 21.8 miles,

Figure VI-13 combines and summarizes the available communication range
data of flights 4 and 12 for the P=3 flying above the A-3, The graph is drawn
through the means of the available 25 data points from 16 collision encounters,
of which 16 were from the P-3 and 9 were from the A~3., The curve indicates
that on the average the required communication range for extrapolated worst
case conditions was met or exceeded, with the marginal encounter angles being
«120 and 180 degrees.

Figure VI-14 similarly combines and summarizes the available communica-
tion range data of flights 9, 11, and 12 for the A-3 flying above the P~3,
The graph is drawn through the means of the available 77 data points from
41 colligion encounters, of which 41 were from the P-3 and 36 were from the
A=3, The curve indicates that on the avarage the raquired communication range
for extrapolated worst casa conditions were exceeded for all encounter angles
flown with a pronounced peak at plus 120 degrees.

COMMUNICATION RANGE =~ P-3 VERSUS NC-117 FLIGHTS

This section discusses the results of the Communication Range flights
involving the P-3 and the NC-117 aircraft. Briefly, the required communica-
tion range was exceeded both for the speeds flown and for extrapolated high-
est permissible speeds at all encounter angles.

Figure VI~15 gives the communication range as a function of the angle
between radials, with the P-3 above the NC-~117, for flight 6 of 1 July 1974.
No external RF attaenuation was used; consequently, the range although adequate
was limited by the geometric pattern of the flight, There was excellent
correspondence between the P~3 track of the NC-117 shown by the solid line
and the NC-117 track of the P-3 shown by the dashed line. Both, in turn,
corresponded to the geomatric limitations of the lower curve of figure VI=-2,
The P-3 flew at 11,000 feet which was 1000 feet above the NC-117 at 10,000
feet. Each aircraft has 1536 interrogation guads per second injected on an
RF basig by the traffic simulator, with the P-3 having 32,000 fruit replies
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per second compared to 64,000 fruit replies per second in the NC~117, The
curves are drawn through the mean communication runge of each encounter
angle based on the data available from 14 collision encounters.

Figure VI-16 gives the communication range as a function of the angle
between radials flown for flight 7 of 3 July 1974. The fruit reply rate was
raigsed to 64,000 per second in both aircraft, and 6 db of external attenuation
was added to the RF link. Climb and dive commands were obeyed with the P-3
commencing at 10,500 feet, climbing to 11,000 feet, and the NC~117 commencing
at 10,000 feel and diving to 9600 feet. These maneuvers, of course, did not
affect the initial communication ranges plotted, The doubled ranges equive
alent to the use of 6 db attenuation are shown with the solid curve once more
being the mean range at which the P-3 commenced reliable tracking of the NC-117
and the dashed curve being the mean range at which the NC-117 commenced reliable
tracking of the P-3. In spite of the use of 6 db attenuation, maximum ranges
were si:ill generally limited by the geometric pattern of flight. Although
the mean ranges obtained obviously had a greater than 6 db maryin for most
extrapolated high-speed encounter angles, the limits of the communication
range were not reached until flights 9 and 11 were flown with 9 db of axternal
attenuation. The circled point at an angle of 20° illustrates a difficulty
occasionally encountered in deciding on the reliable communication range.
Earlier bursts of reliable communication were achi.ved for this encounter
at greater ranges, but continued consistent reliability until the TAU 2
threshold was reached, was not achieved until the 12.2-mile range shown,

In making comparisons with the results of flight 6, it must be remembered that
this flight covered positive encounter angles (NC-117 looks to its right to see
the P-3), whereas flight 6 covered negative encounter angles (NC-117 looks tc
its left to see the P-3), However, allowing for the extra 6 db of attenuaticn
of flight 7 and the geometrical limitations, good symmetry is indicated. The
encounter angle reversal was accomplished by interchanging the patterns flown,
with the NC-117 flying the daisy pattern starting east of the TACAN station
and the P~3 flying the repeated figure eight pattern starting from west of

the TACAN sgtation.

Figure VI-17 shows the communication ranges as a function of the angle
between radials for the second half of the daisy pattern of flight 7 on 3 July
1974, with the encounter anglos now being negative. For this portion of the
flight, both aircraft flew below 10,000 feet, with the NC-117 at 9,500 feet,
500 feet above the P-3 at 9,000 feet, These were initial altitudes with
evasive climb and dive maneuvers carrying the NC-117 to 10,000 feet and tiie
p=3 to 8,600 feet. The same 64000/1536 fruit rates and 6 db of attenuation
were retained. The solid curve once more shows the mean communication range
for the P-3 tracks of the NC-117 and the dashed curve, with close correspond-
ence, shows the same information for the NC~-117 tracks of the P-3. The
dividing line for higher power output in the Avoid I equipment is 9600 feet.
That is, at 9600 feet and above, the power increases by 2 to 4 db above the
value at 9500 feet and below. With the reduced power, the curves accurately
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reflect the communication range limits, Below 10,000 feet the maximum com-
munication range requirement is for a head-on (180°) encounter at 550 knots.
The TAU 2 threshold for this case is 7.9 miles. The recorded mean communica-
tion range of 29 miles at 180° thus represents a margin of 11,3 db. This large
margin would tend to indicate that the Avoid I power below 10,000 feet can be

reduced by more than 2 to 4 db. An ascurate measurement of transmitter power was

not made to verify the magnitude of the power reduction. It should be noted
that a direct comparison between the second half of flight 7 (figure VI-17)
below 10,000 feet and the first half of flight 7 (figure VI-16) above 10,000
fest cannot be made because of the change in antenna aspects from NC-117 above
the =3 to NC-117 below the P-3 plus the change from negative encounter angles
to positive encounter angles. The second half of flight 7 was the only flight
made with the NC-117 above the P-3,

Figure VI-18 (flight 9), 17 July 1974, is a complete 360-degree plot of
communication range as a function of the angle between radials flown for the
E=3 above the NC-117. This was a 3~aircraft encounter with the A-3 above the
P-3 results shown elsewhere, The P~3 flew between the other two aircraft at
10,500 feet. The NC-117 commenced at 10,000 feet and followed dive commands
which took it to 9,500 feet. The fruit in both aircraft was sot at 32,000
replies per second and 1536 interrogations per second. With 9 db of external
attenuation (3 db in the NC-117 and 6 db in the P-3), the limits of the communi-
cation range were determined and the mean values plotted. Again the solid curve
represents the P-3 track of the NC-117 and the dashed curve represents the
NC~-117 track of the P-3, There was good vommunication range correspondence
between the two tracks and both exceeded the extrapolated highest speed re-
quired amount by more than 6 db for all encounter angles. Due to instrumenta-
tion limitations, the NC-117 printout of its P-3 track was not available at
150 degrees; consequently, there is no NC-117 track recorded at this point.

Figure VI-19 for flight 11, 26 July 1974, shows results very similar to
those of flight 9. Once more, this was a 3-alrcraft encountar. with the pP-3
above the NC-117, and the A-3 above the P-3 not shown. The P-3 flew at
10,800 feet and the NC-117 commenced at 10,000 feet diving to 9,600 feet.

The fruit rate in each aircraft was maintainad at 32000/1536. Once more

with 9 db of attenuation in the RF link, the solid curve represents the mean
communication range of the P-3 trackiny the NC-117, and the dashed curve
represents the mean communication range of the NC-117 tracking the P-3. The
apparant deviation in the correspondence of the two tracks at the -150 and

180 an-ounter angles is due to the choice of starting points for equivalent
continucd round reliability. That is, the NC-117 had tracks at ranges cor-
respondiig to those of the P-3, but they were not as reliable and, therefore,
a later (smaller) communication range was recorded as the starting point for
comparable reliability., For the 1l collision encounters, there was an approxi-
mate 6 db margin or more for extrapolated highest speed cases over most of the
encounter angles from -30° to 180° in 30° steps. For the speeds flown, of
¢ourse, the power margin was even greater,
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The combined average P-3 and NC-1l7 communication range as a function of
the angle between radials flown for flights 9 and 1l is shown in figure VI-20.
Both flights involved the P~3 above the NC~117 and both flights had 9 db of
attenuation in the RF link. It can be seen that there was more than enough
coverage of the required 15.1 mile communication range at 180 degrees and
corrasponding coverage with adequate margin at all of the other ancounter
angles flown. For example, the extrapolated 1200-knot worst case margin at
180° was 31,5/15.1 or 6.4 db, while the extrapolated 450-knot worst case tail
chage margin was 10.9/6.8 or 4.1 db. The largest margin for the axtrapolated
case of two 600-knot aircraft occurred at an encounter angle of plus 120°
where the margin was 35,6/13.3 or 8.6 db,

COMMUNICATION RANGE =~ RA-3B VERSUS NC~117 FLIGHTS

This section discusses the results of the communication range flights
involving the A-3 and the NC=117 airnraft, The only information available was
that obtained from the repeated -90° encounters of flights 9 and 11 with the A-3
above the NC-1l7. As explained previously, the A-3 and the NC-117 flew figure
eights digplaced in space by 90° while the P-3 flew its daisy pattern,

Figure VI-2l is a scatter diagram for the communication range between
the A-3 and NC=117 for flights 9 and 11, For flight 9 shown on the left, the
A=3 flew at 11,000 feet climbing to 12,000 feet, while the NC-117 flew at
10,000 feet diving to 9,500 feet. Both ailroraft had 32K fruit replies per
second, with the interrogation quads being 1536 for the NC=117 and less than
1200 for the A-3., The mean communication range for the A-3 was 17,2 miles
compared to a mean of 17.4 miles for the NC-117. The right-hand portion of
the graph shows the results for flight 11 with the A-3 initially at 11,500
feet climbing to 11,800 feet, and the NC-117 initially at 10,000 feet diving
to 9,600 feet, The A-3 had no fruit injected, while tha NC~117 had 32,000
replies and 1536 interrogations per second, The mean ccmmunication range
for the A--3 was 19.4 miles compared to a mean of 22.4 miles for the NC-117.
The ranges plotted for both flights are equivalent ranges appropriate to the
use of 3 db of external attenuation in the RF link.

The overall average communication range for all 32 collisiorn encountars
of both aircraft for both flights was 18,6 miles. Since a 90° encounter above
10,000 feet for two 600~knot aircraft would require a communication range of
11.2 mileuy, the mean value of 18,6 miles represents a 4.4 db margin. For a
speed ratio of 13 to 7 roughly corresponding to the starting ranges of the A-3
and the NC-117 from the "collislon" point over the TACAN station, the faster
aircraft would be flying at 600 knots and the slower at 323 knots to preserve
the same antenna look angle., The closing range rate would then be 681 knots,
for which the required communication range would be 9.37 miles and the margin
would be 6 db.
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ROUND AND DISPLAY RELIABILITY
INTRODUCTION

Having established an adequate comnunication range, it is necessary
to evaluate the ability of the Avoad I to give correct information to the pilot
for subsequent rounds up to the "collision point" when no evasive action is
taken or up to the "clear" point when evasive maneuvers are employed. Of course,
in these flights, a safe altitude separation was maintained up to the collision
point. Since above 10,000 feet, two aircraft within 800 feet are considered
co-altitude, it was possible to fly co-altitude encounters safely.

The Avoid I equipment requires two threats out of three rounds, for
aircraft within $1300 feet of altitude, before displaying the threat to the
pilot., The same criteria holds for retention of the display. Therefore,
display reliability differed from rouhd reliability and both were recorded
and plotted in the graphs which follow . Alrcraft threats within #1300 feet
are displayed every 3 seconds either as Tau threats (*800 feet above 10,000
feet) or as P5 or M5 threats (%900 to #1300 feet). The P5 and M5 threats
are advisories to limit rate of climb (P5) or descent (MS5) to less than 500
feet per minute.

For threats beyond #1300 feet of altitude, the round time is
6 seconds, and the 2 out of 3 oriteria is not used. However, a 3-second
digplay memory is employed. That is, a threat is acquired for display
purposes the first round in which it appears. The display is then retained
for an additional 3 seconds. Thus, one such successful threat detection round
resulted in 2 consecutive 3-sacond displays. Conversely, one such lost threat
detection round was counted as 2 lost 3-second displays. The threats beycnd
1300 feet were P10, P20, M10, M20 advisories, limiting aircraft climb and
descent rates respectively to 1,000 feet and 2,000 feet per minute.

For purposes of round and display reliability, all threats were
tceated as sither Tau 2 or Tau 1, depending on the range divided by range
rate criteria. If the altitude separation was such that a climb/dive command
was not given (>800 feet), the rounds were called equivalent Tau 1 rounds
when the Tau 1 threshold was crossed. However, if svasive actions were
called for and taken, then the rounds after which the aircraft had separated
to greater than 800 feet, were counted as Tau 2 rounds and Tau 2 displays,
even though the range divided by range rate criteria would still place them
in the Tau 1 zone. In effect, the distinction in this report was between
displays requiring positive pilot action, and those which were in the nature
of negative actions (like "do not turn") or advisories. The former were
counted as Tau 1 and the latter as Tau 2. Predicted co-altitude threats
requiring the pilot to level off were therefore classified as Tau 1 vegard-
less of whether they occurred in a Tau 1 or Tau 2 zone. Since the overall
reliability results were good, the above distinctions in classifying rounds
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as Tau 2 or Tau 1 had no material effect except to simplify the classification
process. Because of scme of these distinctions, coupled with the 2 out of 3
display criteria for some threats and not for others, plus differences between
"normal"” mode of oper. .ion and "unrestricted interrogation' mode, as well as
differences arising out of one aircraft being below the 9,600-foot boundary
and one above ((600-foot co-altitude versus :B800-foot co-altitude), there is
not always a balance betweun the number of rounds and number of displays.
Neither is there necessarily a balance between the nurber and type of rounds
and displays for one aircraft versus the number and type of rounds and dis-
plays for the target alrcraft in a given encounter or flight, The procedure
followed was to divide the rounds of a given encounter into those which occur=
red before Tau 2, during Tau 2 and during Tau 1. Those which occurred before
Tau 2 for a ¢iven encounter angle on a given flight were used to associate a
round reliability with the communication range previously recorded and dis~
cussed for that encounter angle. Only lost rounds and displays were considered
as part of the round and display reliability of this section, since the emphas-
is here was on the ability to maintain communication between two threatening
aircraft, Problems of wrong altitude correlation and false alarm due to fruit
looking like a target are dealt with elsewhere, suffice it to say, there was
a problem of distinguishing some of the altitude boundaries to better than
100 feet and occasionally to *200 feet, due primarily to the difficulty of
holding a critical altitude gate to a tolerance of 1lns per foot. This is
being changed toc 2ns per foot in future equipment., Most of the fruit targets
appeared in the wide range bins designed for supersonic capabllity which was
not a part of this evaluation. Evan then, the two out of three criteria kept
such displays to a minimum. Nevertheless, the false alarm problem, better
studied as part of extensive bench tests, is considered serious enough to
warrant special precautions and design changes in future versions of the Avolid
equipment,

RELIABILITY = P=3 VERSUS RA-3B FLIGHTS

This section discusses the round and display reliability results for
those flights involving the P-3 and RA-3B aircraft, After discusaing
similar results for flights invelving the P-3 versus the NC-117 and the RA-3B
versus the NC-117 in subsequent sections, a summary of all the reliability
results is given indicating overall satisfactory performance.

Figure VI-22 gives the round reliability results for f£light 4 on
24 April 1974, corresponding to the communication range results of Figure VI-6
with the P-3 1100 feet above the A-3, The raeliability is plotted as a function
of the angle between radials flown. The lower graph gives the round reliability
as recorded in the P-3, while the upper graph gives the round reliability as
vecorded in the A-3, Because of the altitude separation, the Tau 1 and Tau 2
rounds are equivalent Tau rounds in place of the actual P5 and M5 rounds
(limit rate of climb or descent to £500 feet per minute). There are four
sets of numbers on each bar graph. These correspond to the rounds before
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Tau 2, the Tau 2 rounds, the Tau 1l rounds, and all of the rounds. For example,
at the -90° encounter angle for the P-3, there were 67 successful communication
rounds out of a possible recorded 73 before the Tau 2 threshold was reached
giving a "before Tau 2" round reliability of 91.7 percent. It must be remembered
that even though more than 73 round times may have elapsed from the start of
communication to the crossing of the Tau 2 threshold for all of the =90° en-
counters for this flight, it was necessary to switch to the "normal'operation
sometime before reaching the Tau 2 threshold, thereby cutting off the recording
of some of the additional possible "before Tau 2" rounds, since no threat yet
existed., The exact time of switching from "unrestricted interrogation" to
"normal" was a variable depending on project crew, aircraft, and flight pattern.
Therefore, there was no correspondence between the "before Tau 2" rounds re-
corded in the A-3 and those recorded in the P-3, As an extreme case, there
were no "before Tau 2" rounds recorded in the A-3 for the ~120°, -150°, and
180° encounters, because the A-3 was in the "normal" mode for those encoun-
ters. Referring back to the -90° encounter for the P-3, the Tau 2 round relia-
bility was 23 successes out of 23 opportunities or 100 percent, Similarly, the
Tau 1 round reliability was 19 out of 19 or 100 percent. For all types of
rounds, the success ratio was 109 out of 115 for a reliability of 94.8 percent.
The overall round reliability, including all round typas for each eancounter
angle, .8 the one represented by the height of each har graph, Thus, it can

be seen that the worst round reliability for all round types was 91.1 percent
for the P~3 and 94.1 percent for the A-3, these reliabilities occurring at

-60° and -150°, ruspectively. Significantly, the Tau 1 round reliabllity was
100 percent for all encounter angles,

A more generalized plot of round reliability for flight 4, without
regard to the angle between radials flown, is shown in Figure VI=23 with
the P-3 reliability again being shown on the bottom and the A-3 reliability
on the top, As an example, the "before Tau 2" P-3 round reliability for all
encounter angles was 234 successes out of 255 possible recorded attempts or
91.8 percont, compared to 106 out of 110 or 95,5 percent for the A-3. The
"all rounds" reliability for the P-3 was 94.3 percent compared to 97.9 per=-
cent for the A-3, The lower right-hand section of the figure shows the com-
blnad P-3 and A~3 round reliabilities progressing from 93.2 percent before
Tau 2, thru 97.4 percent for Tau 2 to 100 percent for Tau 1. The inciraased
reliability would in general be expected at the closer ranges represented by
Tau 1 rounds.

Corresponding tu esach graph of round reliability, there is a graph of
pilot display reliability., This is, of course, the reliability which counts
as far as the pilot is concerned. In general, but not always, the display
reliability will be higher than the round reliability because of the use of
the 2 out of 3 criteria previously mentioned. Figure VI-24 shows the display
reliability as a function of the angle Letwaan radials flown for flight 4 in
much the same manner as Figure VI~22 showed the corresponding round relia-
bility, with the P~3 reliability on the bottom and the A-3 reliability on
top. Here, three lines of information are shown for each bar graph, the Tau 2,
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Tau 1, and total (Tau 1, Tau 2) display reliability. The height of each bar
graph reflects the total combined Tau 1 and Tau 2 display reliability. The
lowest display reliability was 93 percent at -60° for the P-3, and 97.1 per-
cent at -150° for the A-3,

Corresponding to Figure VI-23 which shows round reliability without
regard to the angle between radials flown, Figure VI-25 shows display
reliability without regard to the angle between radials flown, with the
P-3 reliability on the bottom and the A-3 reliability on the top. The
combined P-3 and A-3 display reliability is shown in the bottom right-
hand corner of the figure with a Tau 2 display reliability of 97.7 percent
and a Tau 1 display reliability of 100 percent.

In a manner similar to the reliability graphs for flight 4, Figures
Vi-26, 27, and 28 present round and display reliability for the tailchase
encounters of flight 12 on 29 July 1974, Figure VI-26 shows the round
reliability for the A-3 tailchase of the P-3 from 700 feet below with
3 db attenuation in the RF link. The P=3 round rel‘ability is shown on
the bottom and the A~3 round reliability on the top. The combined P-3 and
A-3 round reliability is shown on tha bottom right with progressively
increasing reliabilities from 91,9 perceit before Tau 2 through 94.4 percent
for Tau 2 to 97.4 percent for Tau 1.

The round reliability shown in Figure VI-27 is for an equivalent P-3
tailchase of the A-3 produced by the A-3 opening from the P-3., Since there
is no actual threat in this case, the rounds could not be classified as Tau l
or Tau 2. The combined P-3 and A~3 round reliability shown on the bottom
right was 98.2 percent. This test, of course, had to be made in the unrestrict-
ed mode of operation., Again, there was 3 db of attenuation in the RF link.
The display reliability corresponding to the tailchase round reliability of
Figure VI~26 1s Figure VI-28, which shows a Tau 1 and Tau 2 display reliability
of 100 percent.

The foregoing round and display reliabilities involved the P-3 flying
above the A-3, The remainder of this section involves the A-3 flying above
the P-3, Figure VI-29 shows the round reliability for the A-3 above the
P~3 in the 3-aircraft encounter of flight 9 on 17 July 1974, with initial
altitude separation of 500 feet and the A~3 taking the required climb
manenver evasive action from 11,000 feet to 11,900 feet. The P-3 round
reliability as before is shown on the bottom and the A-~3 round reliability is
shown on the top, both as a function of the angle between radials flown with
6 db of attenuation in the RF link, The results were satisfactory, except
for the ~120° encounter angle for which the P-3 Tau 2 round reliability was
only 72 percent und the A-3 was 73.7 percent, Nevertheless, the important
Tau 1 round reliability even for this poor encounter angle was 93 percent
for the P-3 and 93.8 percent for the A-3,
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Figure VI-30 shows the more generalized results for the same flight 9
without regard to the angle between radials flown. The combined P-3 and
A-3 round reliabilities are shown in the lower right-hand corner, with the
overall round reliability being 96 percent.

The display reliability as a function of angle between radials flown
for flight 9, Figure VI-3l, shows some improvement over the P~3 Tau 2 round
reliability at =120° from 72 percent to 80 percent and a slight improvement
over the A-3 round rellability from 73.7 percent to 76.5 percent, due to the
use of the 2 out of 3 display acquisition and retention criteria, The impor=-

tant "au 1 display reliability, however, is satisfactory at 94.l1 percent for the

P-3 and 100 percent for the A-3 at the -120° encounter angle.

The display relilability for this flight without regard to the angle
between radials flown is shown in Figure VvI-32 with the P-~3 display relia-
bility on the bottom and the A-3 display reliability on top. The combined
P~3 and A-3 display reliability results are shown in the lower right-hand
section with axcellent results; namely, 97.4 percent for Tau 2, 99.2 percent
for Tau 1, and 98.1 percent for Tau 2 and Tau 1l combined. It must be remem~
bered that these results were obtained with 6 db of external attenuation in
the RF link.

Since flight 9 was a 3-aircrart £light, the P-3 in the middle had ample
opportunity to react to simultaneous threats from above (A-3) and from below
(NC~117), A typical simultaneous displuy from both threats would be "limit
to 200 feet per minute above and below, no turn," This is equivalent to a
Tau 2 warning above and a Tau 2 warning below. Another command might be
"fly level" resulting from a Tau 1 above and Tau 1l below, Loss of the Tau l
below would cause a change from "fly level" to "dive,"

Fig ' 'e VI~33 ghows the simultaneous display reliability in the p~3
aircrafi. versus the angle between radials flown. Note that the angle between
radials flown 1s different for the A-3/P-3 combination compared to the P-3/
NC=117 combination., The worst case for the simultaneous display reliability
was once more at the -120° A-3/P-3 encounter angle, being 24 successes out
of 28 opportunities or 85,7 percent. The simultaneous display reliability
for all of the other encounter angles was greater than 93,5 percent with most
being 100 percent. The top of Figure VI~33 shows a simultaneous display
reliabllity of 97.7 percent for all angles combined. Lost displays were
always either the P-3 loss of the A~3 or the P-3 loss of the NC-117, never
loss of both at the same time. It must also be remembered that the A-3/P-3

link had 6 db external attenuation, while the P-3/NC-117 link had 9 db external

attenuation. While these attenuations were good for the purpose of finding
the maximum communication range, they placed an extra burden on the communica-
tion reliability requirements.

The round reliability versus angle between radials flown for the A-3

above the P-3 in the second 3-aircraft encounter, flight 1l on 26 July 1974,
is shown in Figure VI~34, again with 6 db attenuation in the RF link, Here,
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the only poor result was for the A-3 at -60°, The Tau 2 round reliability

was only 70.8 percent, Once more, however, the important Tau 1 round relia-
bility was 95.7 percent. The more generalized flight 1l plot of round relia-
bility without regard to angle between radials, Figure VI-35, shows the
overall combined P-3 and A-3 round reliability as 94.5 percent. The individual
P-3 and A-3 round reliabilities by round type are shown on the bottom and top
bar graphs, respectively.

Figure VI-36 shows the display reliability as a function of the angle
between radials flown for flight 11. There is some improvement at the ~60°
encounter angle for the A~3 from a Tau 2 round reliability of 70.8 percent
to a Tau 2 display reliability of 78.3 percent. The important Tau 1 relia-
bility for this encounter angle improved from a round -sliability of 95.7
percent to a display reliability of 100 percent.

The display rellability for this flight l. without regard to the angle
between radials flown is shown in Figure VI-37 with the combined P=3 and A-3
Tau 2 reliability being 97.2 percent and the combined Tau 1 reliability being
100 percent.

The special case for the 4 high-speed (850 knots) head-on encounters of
flight 12, 29 July 1974, with the A~3 commencing from 700 feet above the P-3
is shown in Figure VI-38., The Tau 2 reliability is low both for the P-3
(86.1 percent) and the A-3 (76.2 percent), but the Tau 1l round reliability is
still above 90 percent. Most of the lost rounds occurred near the Tau 2
threshold due to a malfunction in the P-3 Avoid equipment later found to be
at least a 2 db loss of sensitivity with some unpredictable reliability results.
The data was Ilncluded here for completeness because there was no other high-speed
communication reliability data available, Figure VI-39 which shows the display
reliability for this flight indicates little change from the Tau 2 round relia-
bility to the Tau 2 display reliability 82.5 percent versus 83 percent. This
is hecause of the nature of the successive missed rounds near the Tau 2
threshold where the 2 out of 3 display c.iteria can offer no improvement over
the round reliability; however, the Tau 1 reliability (combined P-3 and A-3)
is improved from 90.9 percent to 100 percent because the 2 out of 3 criteria
tolerates an occasional 1»8t round without a corresponding lost display. It
is clear, therefore, that once more the important Tau 1 display reliability
was adequately preserved even in the face of the sensitivity malfunction.

If the display reliability results of all the flights involving the A-3
above the P-3 are combined and summarized, a clearer picture emerges on the
overall performances of the Avoid I equipment in this flight configuration.
Figure VI-40 shows the combined P-3 and A-3 display reliability as a function
of the angle between radials flown for flights 9, 11, and 12 on July 17, 26,
and 29, 1974. It must be remembered that there was 6 db of external RF attenu-
ation for all encounters except the 4 high-speed head-on encounters of flight 12
for which there was a known malfunction of at least 2 db, 1In these flights, the
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NADC~75056~60

A~3 commenced from 500 to 800 feat above the P=3 with evasive maneuvers in-
creasing the separation to as much as 1400 feet, with both aircraft above
10,000 feet.

The lower bar graphs cover the negative encounter angles while the top
graphs cover the corresponding positive encounter angles for comparison
purposes. The 0° tailchase sncounter angle on the bottom 1s matched with
the 180° head-on encounter angle on top. The haight of each bar graph
reflects the combined Tau 1 and Tau 2 display reliability for both aircraft
at each encounter angle. The worst case, as expected from the previous in-
dividual flight results, was 88.1 percent for the =-120° encounter compared
to 100 percent for the positive 120° encounter angle, Significantly, however,
the important Tau 1 display r=liability for the negative encounter angle was
97.1 percent. The combined Tau 1 and Tau 2 display reliability was well above
90 percent for all other encounter angles with 5 of the 12 encounter angles
having 100 percent Tau 1 and Tau 2 display reliability, and 10 of the 12
having 100 percent Tau 1 display reliability.

Figure VI-41 contains the same information as Figure VI~40 in a simpler,
more generalized form without regard to encounter angle. It shows that the
combined P-3 and A-3 overall display reliability for the case of the A~3
flying above the P-3 was 97.5 percent with the Tau 2 display reliability being
96.7 percent and the Tau 1 display reliability being 99.5 percent,

Figures VI-42 and 43 give a similar combined and summarized picture of
the digplay reliability for flights 4 and 12, April 24 and July 29, 1974,
involving the P-3 flying above the A=3, In this configuration, the P=3 flew
from 700 to 1100 feet above the A~3 with both above 10,000 feet, No external
attenuation was used except for 3 db on the two 0° encounters of flight 12,
The effect of little or no external attenuation appears to be reflected in the
good results obtained, with the lowest Tau 1 and Tau 2 display reliability
being 96,1 percent for the 180° encounter angle of Figure VI-42. The more
generalized results of Figure VI-43 for display reliability, without regard
to encounter angle, show an overall Tau 2 and Tau 1 display reliability of
98.4 percent with the Tau 2 display reliability being 97 percent and the
Tau 1 display reliability being 100 percent.

RELIABILITY - P=-3 VERSUS NC-117 FLIGHTS

This section discusses the round and display reliability results for
the £lights involving the P-3 and NC-117 aircraft,

Figure Vi-44 gives the round reliability results for flight 6 of July
1, 1974, corresponding to the communication range results of Figure VI-l15,
with the P-3 at 11,000 feet, 1000 feet above the NC-117 at 10,000 feet. 7The
reliability is plotted as a function of the angle between radials flown, with
the lower graph giving the round reliability as recorded in the P-3, while the
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upper graph gives the round reliabllity as recorded in the NC-117. Because

of the altitude separation, the Tau 1 and Tau 2 rounds are equivalent Tau
rounds in place of the actual P5 and M5 rounds (limit rate of ¢limb or descent
to %500 feet per minute). As usual, there are four sets of numbers on each

bar graph, These correspond to the rounds before Tau 2, the Tau 2 rounds,

the Tau 1 rounds, and all of the rounds, the height of the bar graphs repraesent-
ing the reliability of all of the rounda. The worst "all round" reliability
was 96,4 percent at the -150° encounter angle, which also had the worst Tau 2
round reliability of 85.7 percent for the P-3. The P-3 Tau 1 reliability for
this encounter angle, however, was 100 percent.

Figure VI-45 gives the round reliability for flight 6 without regard to

. the angle between radials flown with the P~3 reliability on the bottom, the

NC=117 reliability on top, and the combined P-3 and NC~117 reliability at the
lower right., The latter shows a combined P-3 and NC-1l7 "all rounds" relia-
bility of 98,7 percent.

The total Tau 1 and Tau 2 display reliability as a functlon of the angle
between radials for flight 6, glven by Figure VI~46, is nearly 100 percent
perfect, except for the P-3 at the -150° encounter angle (92 percent) and
tha NC~117 at 180° (95 percent). These excellent results, without external
attenuation, were marred cnly by a Tau 2 display reliabllity of 84.2 parcen’:
in the P-3 at the -150° encounter angle due to several lost rounds in a row,
for which the two out of three display logic was no help.

The overall good display reliability, without regard to angle between
radials flown, for this flight 6 is shown by Figure VI-47, with a combined
P=3, N2-117 Tau 1 and Tau 2 display reliability of 99,3 percent.

Equally good round and display reliability results for the P-3 above
the NC-1l7 were obtained for the first half daisy of flight 7 of 3 July 1974,
with the addition of 6 db attenuation in the RF link, For this portion of

© fiight 7, positive encounter angles were flown with the P-3 initially at

10,500 fect climbing to 11,000 feet and the NC-117 initially at 10,000 feet
diving to 9,600 feet in response to the Tau 1 commands. Figure VI-48 depicts
the round reliability as a function of the angle between radials flown with
the lowest "all rounds" reliability being 90.4 percent for the P-3 at the
positive 150° encounter angle, The round reliability without regard to the
angle between radials flown is shown in Figure VI-49, with a combined P-3,
NC-117 “all rounds" reliability of 96.6 percent. The display reliability

as a function of the angle between radials for this portion of flight 7 is
shown in Figure VI-50, where the lowest total Tau 1l and Tau 2 display relia-
bility was 97,2 percent for the P~3 at the 150° and 180° encounter angles,

The overall good display reliability, without regard to the angle between
radials flown for this first portion of flight 7 is shown in Figure VI=~51,
with a combined P-3, NC-117 Tau 1 and Tau 2 digplay reliability of 99.4
percent. With 6 db of attenuation, this is almost identical to the previous
flight 6 results without attenuation,
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For the second half of flight 7, the P-~3 was flown at 9000 feet d.ving
to 8600 feet, while the NC-117 was flown aut 9500 feet climbing to 10,000 feet.
This was the only flight configuration with the NC-117 above the P-3. The
round reliability as a function of the angle between radials flown is shown
in figure VI-52, corresponding to the communication range data of Figure VI=-17,
The worst "all rounds"reliability data was 88.1 percent for the P-3 at the ~150°
encounter angle, with a Tau 2 reliability of 84.4 percent. Once more, however,
the important corresponding Tau 1 round reliability was 100 percent. The more
generalized results of round reliability without regard to the angle betwesn
radials flown for the second half of flight 7 are shown in Figure Vi=53. The
combined P-3 and NC-117 "all rounds" reliability is shown there as 95.6 percent.
The display reliability as a function of the angle between radials is shown in
Figure VI-54, where the worst total Tau 1 and Tau 2 display reliability is
87.2 percent at the -150° encounter angle for the P-3, The corresponding
display reliability in the target NC~117 alrcraft was 100 percent, and the
important Tau 1 display reliability in the P-3 aircraft was 100 percent.,

The overall good display reliability, without regard io the angle batween
radials flown for this second portion of flight 7 is shown by Figure VI=-55.
With 6 db of external attenuation in the link, and with both aircratt below
9600 feat (i,e., lower power configuration), the combined P-3, NC-117 Tau 1
and Tau 2 reliability was 97.1 percent.

Flight 2, July 17, 1974, was the first of two 3-aircraft encounters.
Round and display reliability results were available in both the P-3 and the
NC=117 with the P-3 in the middle above the NC~117 and below the A-3, With
6 db attenuation in the P-3 and 3 db atten.iation in the NC-117, there was a
total of 8 cb attenuation in the RF link., Figure VI-56 shows the round
raliability as a function of the angle betwien radials for flight 9, with the
P-3 at 10,500 feet and the NC-117 initially at 10,000 feet, diving to 9500
feet in response to its Tau 1 dive commards. There were occasions where the
NC-117 properly cleared the Tau 1 threat earlier than the P-3, since at 9500
feet the NC-117 co-altitude limits were only %600 feet compared to the P-3
limits of %#800 feet. There were other occasions, principally at the -30°
encounter angle, where the NC-117 started to climb after clearing the Tau 1
threat, and properly obtained the predicted co-altitude level off command.
It should be recalled that these were classified as Tau 1 rounds in this
report, giving use to a greater number of Tau 1l rounds in the NC-117 than in
the P-~3 at the -30° encounter angle, The lowest "all rounds" round relia-
bility (89.6 percent) occurred in the NC-117 at the -90° encounter angle due
to a Tau 2 round reliability of 83.9 percent. As usual, the Tau 1 round
reliability was 100 percent at this encountar angle. The round reliability
for this flight without regard to the angle between radials flown is shown
in Figure VI~57, with the P-3 reliability on the bottom and the NC-117 relia-
bility at the top., The combined P~3 and NC-117 round reliability shown at
the bottom right for all of the rounds was 96.9 percent,
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Figure VI-58 shows the display reliability for the P-3 above the
NC-117 for flight 9, with the lowest total Tau 1 and Tau 2 display relia-
bility being 93 percent in the NC-117 at the -90° encounter angle, indicating
an improvement in display reliability over round reliability by the 2 out of 3
display logic rules. Most of the other display reliabilities were 100 percent.
It is therefore not surprising that Figure VI-59, which depicts the display
reliability without regard to the angle between radials flown, shows a combined
P-3, NC-117 Tau 1 and Tau 2 display reliability of 99.4 percent. Again, it
should be remembered that this good reliability was obtained with 9 db attenu-
ation in the RF link.

Roughly similar results were obtained for the round and display relia-
bility results of the second 3J~aircraft encounter, flight 11, on 26 July 1974.
The P~3 flew at 10,800 feet with the A-3 above and the NC-117 below at 10,000
feet diving to 9600 feet for most of the encounter angles. The NC-117 flew
at 9800 feet for the -150° and 180° encounter. Once more, there was 9 db
attenuation in the link between the P-3 and the NC-117, The round reliability
results as a function of the angle between radials flown are shown in Figure
V1-60, with the lowest "all rounds" reliability being 90.3 percent in the NC-117
at an encounter angle of -60°, The round reliability without regard to angle
between radials flown is shown in Pigure VI-61l, The combined P-3 and NC-117
"all rounds" reliability shown in the lower right-hand corner of the figure is
94,3 percent, The display reliability as a function of the angle hetween
radials flown for flight 1l is shown in Figure VI-62, The lowest total Tau 1
and Tau 2 digplay reliability is 90.2 percent in the NC-117 at an encounter
angle of -90°,

This flight illustrates another variable in the number of possible displays
in each aircraft. Slight differences in round time can add up to unequal display
opportunities in each aircraft. For most of this flight, the NC-117 round time
was approximately 0,14 second longer than that of the P-3, resulting in fewer
NC-117 displays for the same threat duration interval.

The display reliability without regard to the angle between radials
flown for flight 1l is shown in Figure VI-63. The lower right-hand corner
shows the combined P-3, NC-117 Tau 1 and Tau 2 display reliability as 95.9
percent once more with 9 db attenuation in the RF link,

For a better overview of the round and display reliability results
involving the P-3 and NC-117 alrcraft, a few summary graphs are included.
The combined P-3 and NC-117 display reliability as a function of the angle
betwesn radials for the 3-ailrcraft encounter flights 9 and 11 on 17 and 26
July 1974 is shown in Figure VI-64, The negative encounter angles on the
bottom are matched with the corresponding positive encounter angles on the
top for ease of comparison. All of the positive encounter angles with the
exception of 180° had a display reliability of 100 percent. The worst Tau 1
and Tau 2 display reliability was 93,6 percent at the -90° encounter angle.
The combined P-3, NC-117 display reliability without regard to the angle
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NADC~75056-60

between radials flown for flights 9 and 1l is shown in Figure VI-65. The
combined Tau 1 and Tau 2 display reliability is shown as 98.4 percent with
9 @b attenuation in the RF link, and fruit consisting of 32,000 replies per
gecond and 1536 interrogation quads per second in each aircraft,

A more complete combined P-3, NC-117 display reliability summary graph
as a function of the angle betwsen radials flown is shown in Figure VI-66.
Here, the rasults of flight 6 with no attenuation, and the first half of
flight 7 with 6 db attenuation, are combined with the previously summarized
flights 9 and 1l with 9 db of attenuation to give even better display relia~
bility. The worast total Tau 1 and Tau 2 display reliability is now raised
to 95.9 percent at the -~90° encounter angle. The cumbined P-3, NC-117 display
reliability without regard to the angle between radials flown for these flights
is shown in Figure VI~67 as a Tau 1 and Tau 2 display reliability of 98.8 percent.
This was determined from a total of 63 collision encounters as 3079 successes
out of 3117 recorded attempts.

Figure VI-68 shows the combined P-3, NC-117 round reliability without
regard to the angle between radials flown. In addition to the previous flights
sumnarized above 10,000 feet with the P=3 above the NC~117,this graph contains
the results of the second half of flight 7 below 10,000 feet with the NC-117
above the P=3, The "all rounds" reliability was 96.8 percent.

The final summary graph for this section is Figure VI-69. This is the
combined F=3, NC-117 display reliability without regard to the angle between
radials flown for all of the P~3 versus NC-117 flights of this sactlion. It
shows the results of 76 collision encounters as 98 percent for the Tau 2 display
reliability and 99.7 percent for the Tau 1 display reliability, or 98.5 percent
for all displays.

RELIABILITY =~ RA=3B VERSUS NC-117 FLIGHTS

This section discusses the round and disgnlay reliability results for the
flights involving the A-3 and the NC=117 aircraft. ' Since these two aircraft
were involved with each other only as part of the 3-alrcraft encounter flights,
the only data available is from flights 9 and 11, with the A-3 above the NC-117
and all of the encnunters being at -90°,

rigure Vi-70 for flight 9 on 17 July 1974 shows tho round reliability
at -90°, with the RA=3B at 11,000 feet climbing to 12,000 feet because of the
climb commands it received from the P-3 below it, and the NC-117 at 10,000
feet diving Lo 9500 feet because of the dive commands from the P-3 above it.
Both the A-3 and the NC-117 detacted each other ue lesser threats while react-
ing to the more severe threat of the P-3 flying midway between them in altitude.
The A-3 round reliability is shown o~ the bottom, and the NC-117 round reliabil-
ity is shown on top. The combined and NC~117 round reliability is shown
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at the bottom right, with the "all rounds" reliability being 94,2 percent with
3 db of external attenuation in the RF link., The rounds classified as Tau 1
and Tau 2 rounds were actually M5, M10, P5, and Pl0 rounds limiting rates of
descent and climb to 500 and 1000 feet per minute, respectively.

The display reliability for this same flight 9, shown in Figure VI-71,
was 98,8 percent for the A-3, 97.6 percent for the NC-117, and 98.2 percent
for both aircraft combined.

The round reliability for flight 11 with 3 db attenuation in the RF link
18 shown in Figure VI-72, with a combined A-3, NC-117 "all rounds" reliability
of 95.3 parcent, Since the NC-117 did not interrogate P10 threats (above 1300
feet) when it was switched to normal mode (for tha sake of obtaining normal
operation with the P-3 aircraft), legs NC-117 rounds in which it was possibla
for it to digplay the A-3 threat were recorded; i.e., 193 rounds compared to
273 rounds recorded in the A-3, which was left in the unrestricted mode of
operation,

The display reliability for flight 11 with 3 db attenuation isg shown in
Figure VI=73, The equivalent Tau 1l and Tau 2 display reliability for the A-3
was 99,1 percent, and for the NC-117 it was 98.3 percent, The combined A-3
and NC-117 display reliability was 99 percent.

Two summary reliability graphs are included here for the flights involving
the A-3 and the NC=-117, The first is Figure VI~74, which shows the combined
A=3 and NC~117 round reliability for flights 9 and 11, both with 3 db attenua-
tion in the RF link, This shows a combined "all rounds" reliability of 94.5
percent., The second is Figure VI-75, which shows the combined A-3 and NC-117
eguivalent Tau 1 and Tau 2 display reliahility for these two flights as 98.4
percent. Even though these results are limited to -90° encounters, they are
consistent with similar good results obtained from P-3 versus NC-117 flights
over many different encounter angles,

SUMMARY
1, COMMUNICATION RANSE

All flights involving the NC-117 versus either the P-3 or RA-3B had
sufficlent commw: {i:ation range to insure the required Tau 2 warning times at
all collision encounter angles flown. The encounter angles were flown in
steps of 30°, When extrapolated to higher speed encounters above 10,000 feet
involving two 600-knot aircraft, the average power margins ranged between 4.1
and 8.6 db, depending on the encounter angla, For the speede flown, the
margins were correspondingly greater, Figure VI-20 is a composite of the
combined average P-3 and NC-117 communication range as a function of the
angle between radiale flown, Figure VI-21 is 8 scatter graph composite for
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the A-3 and NC-117 communication range at the -90° encounter angle flown. The
more than 2 to 1 variability in the ranges obtained from 32 collision encount-
ers emphasizes the variety of antenna look angles obtained for the -90°
encounter angle flown, due to variations in wind, heading, speed, etc,, from
one encounter to the rext. In no case was there a failure to meet or exceed
the 11.2 mile extrapolated, high-speed, 90° encounter angle communication
range requirement.

The flights involving the RA~3B versus the P-3 had a greater than 6 db
average communication range margin for all the encounter angles at the speeds
flown. When extrapolated to higher speed encounters above 10,000 feet for two
600-knot aircraft, the power margins ranged between 1 and 6 db for most of the
encounter angles, except for the case of the P-3 above the A-~3 which was mar-
ginal at the -120° and 180° encounters., Figure VI-13 combines and averages
the avallable communication range data for the P~3 flying above the A-3,
Figure VI-14 similarly combines and averages the available communication range
data for the A-3 flying above the P-3. The marginal average communication
range lor some extrapolated higher speed encounter angles indicates the need
for optimizing antenna locations; however, in all cases, the important Tau 1
warning range requirement was well protected.

2. ROUND AND DISPLAY COMMUNICATION RELIABILITY

The round and display reliability were both satisfacto' * from the
communication point of view. The total round reliability for ai. communication
reliability flights, for all aircraft, and for all types of rounds was 95.9 per=-
cent, based on 11,213 three-second round opportunities. By round type, the
reliability was 95.3 percent before Tau 2, 95.8 percent for Tav 2, 97.8 percent
for Tau 1, and 96.3 percent for combined Tau 1 and Tau 2 rounds. These relia-
bilities are shown on the total round reliability graph of Figure VI-76.

The total display reliability for all communication reliability
flights, for 111 aircraft, and for all Tau 1 and Tau 2 display: as 98,2
percent, base on 7373 three-second display opportunities, By display type,
the reliabili was 97.7 percent for Tau 2 and 99.7 percent for Tau 1. These
reliabilities wre shown on the total display reliability graph of Figure VI=77,
The approximate 1.9 percent improvement in combined Tau 1 and Tau 2 display
reliability, compared to the combined Tau 1 and Tau 2 round re’ ability, was
due to the use of a 2 out of 3 digplay acquisition and retentic.. logic for
threats within %1300 feet of altitude.

significantly, the ft ~~ing reliability figures were obtained from
168 collision encounters, of wnich 55 had no additional RF attenuation, 37 had
3 db of additional RF attenuation, and 76 had 9 db of additione) attenuation.
All encounters had some fruit in either one or both aircraft r :3ing up to
64,000 replies per second and 1536 interrogation quads per sec..d above
threshold in each aircraft, without apparent receiver desensitization or
excessive blocking.
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The total round reliability for all communication reliability flights
irvolving the P-3 and A-3, for all types of rounds, was 95.2 percent. This is
shown in Figure VI-78. The total Tau 1 and Tau 2 display reliability for all
communication reliability £flights invoiving the P-3 and A-3 was 97.8 percent,
with the Tau 2 display reliability being 96,8 percent and the Tau 1 display
reliability being 99.6 percent. This is shown in Figure VI~79,

The total round reliability for all communication reliability flights
involving the P-3 and NC-117 for all types of rounds was 96,8 percent, This
is shown in Figure VI-68.

The total Tau 1 and Tau 2 display reliability for all communication
reliability flights involving the P-3 and NC-117 was 98.5 percent, with the
Tau 2 display reliability being 98 percent and the Tau 1 display reliability
being 99.7 percent. This is shown in Figure VI~69,

The total round reliability for all communication reliability flights
involving the A-3 and NC-117 for all types of rounds was 94.5 percent. This is
shown in Plgure vi-74.

The total equivalent Tau 1 and Tau 2 display reliability for all
communication reliability flights involving the A~3 and NC-117 was 98.4 percent.
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CHAPTER VII

RANGE, RANGE RATE, AND WARNING TIME ACCURACIES

INTRODUCTION

After initial debugging flights of the AVOID I were completed, col-
lision encounters were flown over the NAVAIRTESTCEN (Naval Air Test Center)

Chesapeake Theodolite Range to determine the accuracy with which the ?VOID I

measured range and range rate and the accuracy with which it gave Tau 2 and
Tau 1 alarms.

Six theodolites strung out in a line along the bay provided a three-
theodolite solution for the position of each aircraft of a two aircraft
encounter, The real time on the aircraft via a precision oscillator was
synchronized to the theodolite range via the same time source, WWV Boulder,
Colorado.

In order to compar- the aperiodic AVOID I range and rande rate data
with the periocdic theodolite data, the theodolite data was smoothed using
a five-point moving arc polynomial. Four~point Lagrangian interpolation
was used to obtain theodolite range and range rate between aircraft at the

same instant of time that i : AVOID I range and range rate measurements were

made. The statistical mean error and standard deviation of the raw AVOID 1
data from the smocthed theodolite data was then calculated.

Table VII-I is a typical computer printcut of the theodolite and
AVOID I measurements of range, range rate, and Tau, together with the
difference between the two, The encounter is a nominal 320 knot head-on
situation. The first column on the left represents the time to the nearest
millisecond at which the AVOID I made a range measurement (measured in the
seventh interrogation set of the round). The second column marked Range
A/C (NMI) is the AVOID I raw range measurement; the third column labelled
Range Theodolite (NMI) is the smoothed theodolite range measurement; the
fourth column is the difference between the AVOID I range measurement and
the theodolite range measuremen*. The f£ifth column is the AVOID I range
rate measurement; the sixth column is the theodolite range rate measure-~
ment; and the seventh column is the difference letween the AVOID I range
rate measurement and the theodolite range rate measurement. The eighth
column is the AVOID I Tau (range divided by range rate) computation; the
ninth column is the thaodolite computation, and the tenth column is the
difference between AVOID I Tau computation and the theodolite Tau computa=-
tion. Tabulated at the bottom of table VII-I are the mean, rms, and sigma
errors in range, range rate, and Tau. Additional computer printouts will
be found in Appendices D through H.
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The theodolite tracking is most accurate when the aircraft are on a
flight path which is parallel to a line passing through the six theodclite
sites, with three theodolites tracking each of two aircraft. Therefore, the
flight encounters were confined to two aircraft encounters of the tail chase,
head-on, and parallel ovevtake variety. In addition to the aforementioned
collision courses, non-collision courses which did not require Tau alarms
were flown. This established the stability of the CAS to give an alarm
when required and not to give an alarm when not required.

Since the communications reliability portion of the flight test estab-
lished that a satisfactory link was provided for all angles of encounter
(except for a slightly marginal Tau 2 warning range between the P-3 and A-3
in the head-on case at an extrapolated speed of 1200 knots), it was not
deemed necessary to repeat that aspect of the evaluation during the theo-
dolite tests. Therefore, the three basic types of encounters flown on the
theodolite range were considered to be ample to make a valid determination of
range, range rate, and warning time accuracies.

The head-on profile with different pairs of aircraft was the most use-~
ful configuration, providing closing rates from 300 to 900 knots; 26 of these
were flown. The tail chase provided closing rate data in the 150-knot range;
9 of these were flown. The parallel overtake profile with offsets between
the twc courses flown of 1 to 2 nmi provided closing rate data in the 50 to
280 knot region and provided data on how effective the CAS was in providing
the Tau 2 alarm while inhibiting the Tau 1 alarm. Five of these profiles
were flown.

Since the theodolite range is integral with a congested terminal area,
a minimum of 1000 ft altitude separation was maintained between aircraft with
operations usually below 7000 ft altitude. During some £flights, in order to
force the CAS to go into a Tau 1 mode (Tau 1 requires an altitude separation
of 600 ft at or below 9500 ft, 800 ft above 9500 ft}, the digitizing altimeter
output to the CAS was disconnected and suitable fixed altitude gray code
signals connected to each of the CAS equipments. This provided the altitude
separation required for the generation of Tau 1 commands. 1In encounters at
closing rates greater than 560 knots, at true altitudes of 5000 to 7000 ft,
the CAS was forced into the greater than 9500 ft altitude mode by furnishing
grey code signals equivalent to 10,000 £t in one aircraft and 10,800 ft in the
other, In this mode the transmitted power was increased by approximately
4 db to provide the additional communications range required for high closing
rates.

The theodolite range basically is limited to tracking aircraft
separated by not more than 10 nmi with each of two aircraft located at
the outer extremes of the range. At closing rates greater than 738 knots,
theodolite tracking was not available for the initial turn on of the Tau 2
alarm, since the range at which those alarms occur is beyond the 10 nmi
limitation. On some of the high speed runs where the vectoring and timing
had to be precise to place the aircraft at the outer extremes of the range
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TABLE VII-l. RANGE, RANGE RATE AND
TAU DATA FOR HEAD-ON ENCOUNTER
(437 KNOTS) ON THEODOLITE RANGE
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at the same time, the theodolite tracks did not commence until the aircraft
were inside of the Tau 2 zone. On some encounters, the theodolite tracking
data was erratic near the outer limits of the range and the initial Tau 2
alarm was not under usable theodolite surveillance, In two cases, the theo-
dolite tracking was erratic due to a cloud cover for several data points

before and after initiation of the Tau 1 alarm, necessitating the discarding

of that data.

In a collision encounter between two aircraft in which there is
altitude separation and during which one aircraft passes over a second
aircraft at the point of closest approach, there is a transitional zone
where as the ratio of the slant range between aircraft to the altitude
separation becomes small, the closing rate decreases rapidly to zero as the

aircraft pass over each other and then changes rapidly as they separate. For
example, on a 900 knot head-on encounter, the closing rate decreases from 700

to 0 knots in approximately 1 second. The AVOID I is not capable of making
accurate measurements under these conditions of deceleration nor is it re-
quired; true collision courses are not associated with accelerations of this
magnitude. To preclude transitional zone problems, the AVOID I data was
truncated in the near range based on closing rate and altitude separation.

RANGE AND RANGE RATE ACCURACIES

As background for understanding the range rate statistics which
follow, the AVOID I techniques utilized for the measurement of range and
range rate will be described,

The AVQID I determines the range to an intruder by identifying the
range bin in which an intruder's reply falls. 1In the range 0 to 4.9 nmi,
594 bins are provided each of which is a constant 50-foot width. From
4.9 to 16.1 nmi the bin widths are incremented at range intexvals which
become increasingly wider as depicted in Figure VII-I, At range intervals
from 4.9 to 5.3 nmi, the bin width is incremented to 54 feetj; at the range
wnterval from 14.8 to 16.1 nmi the bin width is incremented to 168 feet.
There are 14 such range intervals from 4.9 to 16.] nmi, each of which
containe 48 range bins. The range bin accumulative total from 0 to 16.1
nmi is 1266 bins. The variable width bins, increasing with range, were
chosen primarily to conserve memory. It will be noted that the AVOID I
utilizes narrow bin widths in the critical Tau 1 range up to 4.9 nmi for
high accuracy in the measurement of range and range rate. With this high
range resolution, no tracking servo is required and no attempt is made to
determine the relative position of the reply pulse in the bin, The AVNID I
simply makes a determination of the presence or absence of a reply pulse in
the bin. 1In accordance with recommendations of NAVAIRDEVCEN engineers, all
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future AVOID systems will utilize 50 ft bin widths throughout the 16.1 nmi
range to ensure very low false alarm rates in dense traffic env -onments.
With the advent of microprocessors, this approach has become viable from the
standpoint of size and cost.

% Range rate is determined by sensing the number of bins sk.ivnped over a
i 3-recond period. Target discrimination in the presence of uncorrelated
replies (fruit) and other target replies is provided by intermediate b
ccrrelation every 0.5 second which demands that the bins occupied by

repyly pulses fit a prescribed curve (within upper and lower limits) which

takes into account aircraft acceleration, bin splitting, the va:iable bin E
width and the Tau criteria.

Target correlation data is stored every 0.5 second for use during
subsequent 0.5 second intervals. Failure to meet the correlation criteria
in any 0.5 second interval breaks track on that target, The range bins
further in range then are examined until another target is found (if one
exists). Thus, only when a target is a threat is it tracked pa.t the
3 second set of interrogations (7 sets of interrogations being a cumplete
L sequence). Therefore, aircraft on the periphery of dense terminal area
! traffic which do not encounter threatening targets will operate at very
{ low interrogation rates. This is one of the factors which keevs the number
:

i of uncorrelated replies to levels which can be handled by the : ‘essor. 3
Essentially, the range and range rate errors in combination w * .ae round ;
time duration determine the accuracy with which the Tau 2 and * 1 alarms I

i are displayed. The critical encounters are those which occur ¢ .ow closing
g rates where errors in range rate can cause a much larger percentage error in
3 the warning time than those at high closing rates. Below 40 knots, the

minimum range criteria of 0.5 nmi for Tau 1 applies and serves as a back-up 2

threshold for closing rates greater than 40 knots. This requires good |

range accuracy in the 0 to 0.5 nmi interval if th: waruings ai. to be #
. accurate. At higher closing rates, the Tau equation can tolerate errors

in range which would be unacceptable in the Tau 1 minimum range zone.

The sources of error in the range and range rate measurements include:
a. The rise time of the ranging pulse

b. The jitter in the transmitted ranging pulse

c. The jitter in the receiver as a function of signal to noise S/N
} and bandwidth

d. Fruit
e, The width of the range bins

f. Ranging pulses from intruder B (co-range vith intruder A)
entering the range bins together with the ranging pulses of intruder A
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g. The time interval over which the range rate is measured

No attempt was made to determine the contribution of each error source to the
overall error.

Table VII-2 is a tabulation of the overall range and range rate statis-
tics with subgroupings of data without fruit and data with fruit. The total
data sample consists of 1839 range and 1839 range rate measurements., Of
the 1839 measurements, 421 were flown injecting a nominal 32,000 uncorrelated
replies per second above threshold (fruit) and a nominal 6144 (1536 interroga-
tion quads) probes per second above threshold (simulating those probes eman=
ating from a large intruder population) into the front end of the AVOID I
receiver approximating Honeywell's simulations of the Los Angeles Basin in
1982. The remaining 1418 measurements were made without fruit or probes
injected so that a statistical determination could be made as to the effect
of fruit and probes on the accuracy of measurement of range and range rate.
More flights with frult were flown, but, unfortunately, on these flights
there were technical problems with the theodolite range which resulted in
unusable data.

TABLE VII-2. RANGE ~ RANGE RATE ERROR STATISTICS

Data Range Error Range Rate Error

Sample Mean Sigma Mean Sigma

Group N % of Range Feet Knots Knots
All Data 1839 +2.5 154 +10 11
Data Without Fruit] 1418 +2.7 1.2 + 9 10
Data With Fruit* 421 +2.1 197 +13 13

* predicted fruit rate in Appendix A.

The mean of the range differences between the AVOID I CAS range
measurements and the theodolite range measurements was determined by
a least squares fit of the data. Referring to table VII-2, the theo~
dolite data sample. of 1839 measurements, including data with and without
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fruit, had a mean error of 2.5 percent of range with a standard deviation

of 154 feet, and a mean range rate error of 10 knots with a standard devia-
tion of 11 knots. Without fruit, the data consisted of 1418 measurements
with a mean range error of 2.7 percent of range and a standard deviation

of 132 feet and a mean range rate error of 9 knots with a standard deviation
of 10 knots. With fruit, the data consisted of 421 measurements with a mean
range error of 2.1 percent of range and a standard deviation of 197 feet,

) * and a mean range rate error of 13 knots with a standard deviation of y
E 13 knots.

E As can be seen, fruit did increase the standard deviation of the error ;
g both in range and range rate and increased the mean range rate error while %
E decreasing the mean range error percentage. Since the AVOID I will identify 4

a threat based on the earliest range on which it can develop a track, when
fruit does occupy a range bin closer in range than the real target, and is
close enough to form a track with the real target and other fruit, it can
result in the measurement of a lower range than without fruit. However,
the overall errors with frult at the predicted rate of Appendix A are small

3 and, together with the system impiementation of the threat equations, }
3 result in warning times which are tightly controlled with respect to the E
threshold. 1

The range slope error was the result of range bins which were more ;
than 50 feet wide and which were not generated directly from the clock pulses. 7
This is easily correctable. With the necessary changes, the improvement in
the mean range accuracy at the maximum range of the equipment would be
expected to be 10:1.

In orxder to determine the dependency of the range and range rate errors
on range between aircraft, and whether or not the aircraft are opening or 4
. closing on each other, the data was further divided into subgroups. Each
of the three main data groups -- all data, data without fruit and data with 3
fruit were broken down into opening and clesing data subgroups. The open- 4
-

ing and closing subgroups were then broken down further into subgroups with
range between alrcraft as a parameter (1 nmi intervals from 0 to 10 nmi).
These statistics will be found in Appendix I.

Analysis of the subgroup statistlics for dependency indicates that the g
range and range rate errors are dependent on whether the range between }
aircraft is increasing or decreasing with time, are dependent on the range |
between aircraft and are dependent on fruit. Wwhen the range between air-
3 craft is increasing {(opening), the deviation from the mean range is only I
1/4 of the deviation at 5 nmi closing, even though in both cases the bin )
widths are 50 feet; the range rate mean error is only 1/10 of what it is when i
the range is decreasing. The reasons for those effects appear to be rather

complex and have not fully been explained and they are being studied. !
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The dependency of the range and range rate errors on range is due, in
addition to signal-to-noise noise effects, to the accumulative error in the
range bins due to error effects mentioned previously, and the fact that
i 50 ft bins are used only from =3 nmi to 5 nmi, gradually increasing to 168
H feet at the maximum range of the equipment.

i WARNING TIME ACCURACY

The Tau 2 and Tau 1 warning time accuracies using the theodolite as a
reference standard were determined for the collision encounters flown on
the Patuxent Rivecr Range. The majority of the encounters provided both .
Tau 2 and Tau 1 warnings. In scme of the encounters, the theodolite track-
: ing commenced inside of the Tau 2 zone, thus providing only a meaningful
Tau 1 warning. In other encounters, the combination of the miss distance .
and closing rate was such that only a Tau 2 warning wus given. E

AT,

In order to determine how early or late the Tau 2 and Tau 1 alarms were

given, the time in seconds at which the intruder was first a Tau 2 or Tau 1l
threat was read from the computer printout of the AVOID I data recorded on :

4 the digital incremental tape transport installed in each aircraft. Then “
: the actual value of Tau was established by referring to the theodolite com- k
puter printout of range, range rate and Tau at the same instant of time that
the warning was recorded in flight. This value was then compared with the
threshold Tau (the desired warning time in seconds) as computed from the
closing rate measured by the theodolites., The difference betwaen the actual
Tau and the tnreshold Tau yielded the number of seconds the Tau warning in
the aircraft deviated from the desired threshold. An actual Tau greater
than the threshold meant that the warning was early and an actual Tau less k.
than the threshold meant that the warning was late.

For purposes of developing additional Tau 1 warning statistics, col-

lision encounters at altitude separations greater than co-altitude were
considered to be co-altitude. Once the thecdolite measured Tau was less ;
than the Tau 1 threshold corresponding to the theodolite measured range b
rate, the timzs of the first Tau 2 display for which the AVOID I calculated H
a Tau less than its Tau 1 threshold was considered to be the time at which .
a Tau 1 command was given. Since the AVOID I processing of Tau 2 targets ;
]

which have altitude separations less than 1300 feet is the same as for Tau 1
targets, statistics derived in this manner are the same as those derived ]
from actual Tau 1 warnings. i

{
!

Since the Tau thresholds vary as a function of closing rate (figure VII-2)
the early and late deviations from the threshold were normalized by dividing
those deviations by the Tau threshold at the particular closing rate associ-
ated with each warning and multiplying by 100. This then gives the Tau Two
and Tau One warnings as a percentage deviation from their respective thresh- i
olds and permits the calculation of meaningful warning time statistics. The
data was divided into two groups:
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i
{
3 ]
a. Taul I
i
b, Tau 2 i
: !
Histograms were plotted for each grouo. 3ince the histcyrams appeared éj
to have a normal distribution, a normal distribution was hypothesized. ¢
Using maximum likelihood estimators of the mean and standard deviation,
the normal curve was fitted to the experimental data on the histogram.

R ! Then the sum of the differences between the observed frequencius and the

g theoretical frequencies (for each group interval) squared and divided by ;
! the theoretical frequencies were compared with the value of chi-squared |

for a critical region of size of 0.05 and the appropriate number of

degrees-of-freedom. In all cases, the chi-squared test of the data .

P fitted to the normal distribution affirmed the validity of the hypothesis 1+

I that the data was, in fact, normally distributed. The histograms and the E

[ fitted normal curves comprise Figures VII-3 and VII-4.

: Referring to Figure VII-3, on the average, the Tau 2 warning time is

. 0.5 percent early; 68 percent of the time (the data falling within il gigma)

i the warning isg within 3.6 percent late to 4.6 percent early, and 95 percent

: of the time (the data falling within %2 sigma) the warning is withirn 7.7
percent late and 8.7 percent early. The Tau 1l warning time in Figure VII~4
is seen to have an average time early of 0.4 percent; 68 percent of the
time the warning is within 3,7 percent late and 4.5 percent early, and
95 percent of the time the warning is within 7.8 percent late and 8.6
percent early. During the non-collision type encounters, e.g., formation
flight and encounters with large miss distances, the Tau 2 or Tau 1
warnings were not displayed when not required by ANTC-117.

: The parameters which cause the warning time to deviate from the

¢ desired warning time include the range and range rate errors, round time
(the time interval required to track aircraft A ability to track all other I

{ intruders and then commence another track on aircraft A), improper altitude :

correlation due to high fruit levels, aircraft antenna patterns, and co-~range

target interference all of which affect communication reliability. ;

: On the average, the AVOID I warning times were on time (actually

: slightly early). This was accomplished by several techniques in the
equipment implementation which advanced the Tau 2 threshold by 1 1/2 rounds
(approximately 4.6 seconds) to accommodate the Tau 2, two alarms out of
three criteria, and advanced the Tau 1 thresholda by 1/2 a round (approxi-
mately 1.5 seconds). The Tau 1 logic is such that a Tau 2 alarm is combined
with a Tau 1 alarm to satisfy the two out of three criteria so that the Tau l
threshold needed to be advanced only by a half round., 1If there were no
equipment range or range rate errors, and the communications reliability

s were perfect, the warning time distribution function would be uniform.

] The normal warning time distribution function is the result of the AVOID I
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measurement error in the determination of range rate and to a much lesser
degree, range. It is important to know in a two-aircraft encounter what the
probability is that at least one aircraft will get the alarm at or in
advance of the warning time threshold, enabling that aircraft to commence
its part of the complementary evasive maneuver to provide safe vertical
separation. This was accomplished by deriving the probability density
function for the aircraft in a two-aircraft encounter which gets the
alarm earliest; e.g., a sampling of twe normal distributions in which
only the greater of the two is retained. By dividing the probability
space for the joint probability density function into three parts, the
following results are obtained:

EARLY +
PROBARILITY
LATE -
- - p=1/4
+ -
p=1/2
- 4+
+ o+ p=1/4

From the above it is seen that the probability of getting an early

alarm in at least one of the aircraft is 3/4. Thus, in two-aircraft
encour.ters it would be expected that the aircraft with the earliest
warning would be at or early relative to the threshold 75 percent of

the time. Actually, since the individual normal warning distributions
for the AVOID have a displaced mean of +0.4 percent, the early alarms
actually occur 79 percent of the time. The earliest warning pdf (proba-
bility density function) as well as the cdf (cumulative distribution
function) are derived in Appendix J, with the following results:
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where U, = mean of the individual normal warning time distributions
of each alarm of an alarm pair.

O, = standard deviation of the individual normal warning time
distribution of each alarm of an alarm pair.

A plot of equation (1), the pdf, will be found in Figure VII-5,
using the mean and standard deviations for the normal warning time distri-
butions established on the theodolite rarnge. The distribution is a
slightly skewed normal distributi~y i. which the portion of the curve
to the left decreases at a faster rate and approaches zero at a smaller
error deviation from the peak of the curve than the corresponding portion
of the curve to the right of the peak. However, the displacement of the
mean from +U.4 percent for the individual normal distribution to +2.6
percent for the earliest warning distribution is the major factor which
provides most warnings at or greater than the warning time threshold.
In the plot of equation {(2), the cdf (Figure VII-6), it can be seen
that 99 percent of the alarms in the aircraft getting the alarm first,
lie in the range from -7 percent to +l2 percent deviation from the warning
time threshold, with 79 percent of the warnings at or greater than the
threshold.

In addition to the warning time deviation from the Tau thregholds,
the AVOID error in making the Tau measurements (in seconds) was deter -
mined. This was accomplished by taking the difference between the
AVOID I measurement of Tau and the theodolite measurement of Tau at th:
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time the alarms were given. Figure VII-7 is a histogram of the AVOID error
in the measurement of Tau 2 at the time that the alarms were displayed.
; Note that >90% of the alarms are within an error band of +3.4 seconds. %
i A similar histogram is depicted in Figure VII-8 for Tau 1. In this case
90% of the alarms are within an error band of tl.6 seconds.

The warning time histories of a large number of in-fllght alarms
which were generated while flying collision encounters via radials on the
VORTAC range at Dover, Delaware were compiled. The co-range, threat situ~
ation occurred in several of the three aircraft encounters such that the
altitudes of two intruders were within two overlapping altitude threat
bands. It should be noted that this was a test condition with a low k
probability of occurrence. The probability of two alrcraft at the same
! range being in overlapping altitude threat bands with respect to a third
aircraft and converging on each other is low aad the probability that the
same two aircraft will remain co-range (within 100 to 200 feet) with the E
third aircraft is low. The joint probability of the two events is even
lower. Thus the AVOID is adequately protected from deleterious co-range
. effects. The co-range phenomena is discussed in more detail in Chapter

VIII, i

EH

The flight profiles associated with the warning time histories L

. gathered at the VORTAC site comprise Figure VII-9. The total number ]
; of encounters flown is plotted as a function of the angle between the i

| radials flown. The totals are then further broken down into those that

| were non co-altitude (NCA}, co-altitude (CA), and those in which the miss

distance was greater than the Tau 1 threshold (MD) and therefore resulted

in no Tau 1 warning since none was required. k

For efficient flight testing, the 3 aircraft encounters which would
. otherwise have been difficult to synchronize wers standardized to start
with a 1809, 90° configuration in which 2 aircraf:t persisted in 90° b

encounters with each other while varying their encounter angles with
respect to the third aircraf+ This together with the fact that head-on 4
. encounters were the only practical way to achieve the higher closing rates :
accounted for the fact that the 90° and 180° course angles predominated,

Py

In the plot of Figure VII-10, the warning time and range rate were
taken directly from the computer printout of the decoded in-flight tape
recording of the CAS derived parameters via the digital interface. Fnr
those encounters below 100 knots, the range rate was calculated fro:
successive range measurements over a 6-second interval; the warnin_ .ime
was then calculated using the range at the time the alarm was givan
divided by the range rate calculated above, The range rates calculated
in this manner compared favorably with the theodolite range.
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Referring back to Figure VII-7, it can be stated with 90% confidence
that the plotted values of Tau 2 in Figure VII-1l0 are accurate to within
t3.4 seconds at closing rates greater than 100 knots. The dashed lines in
Figure VII~10 represent a t8,2% deviation from threshold; these boundaries
encompass 94.1% of the warnings. With 90% confidence, it can be stated
that for closing rates greater than 100 knots, 94.1% of the Tau 2 alarms
occurred within 3.4 seconds of an upper and lower boundary of £8.2% of the
Tau 2 threghold. It will be noted that there are more late alarms falling
below the =8.2% boundary than there are early alarms above the +8.2%
boundary, and that several of them are below the -3 sigma boundary with
a frequency slightly higher than it should be for a normal distribution (the
negative tail would decrease at a somewhat slower rate than a true normal
distribution, but the distribution from -2 sigma to +3 sigma would be for
all practical purposes normal). This effect is caused by 2 or more lost
communication rounds at the time the alarm should be given. This type of
late alarm accounts for 3% of the data and involved the P-3 aircraft in
encounters in which the antenna coverage of the right-hand side (generally
the forward quadrant) of the aircraft was being utilized. Thus there are
indications that the antenna location was not optimized. Collision encounters
invelving the NC=117/RA=3B combination did not exhibit this phenomena.
However, it is lmportant to note that during most of the flights, there
was 6 db of additional attenuation in the RF links for the communications
reliability tests. Seven of the nine late alarms occurred with 6 db of
attenuation in the link. Without the 6 db attenuation in the link, it is
probableg that this group of alarms would have occurred earlier.

Figure VII-11 is a plot of the Tau 2 warning time of the ailrcraft
which gets the alarm first in an encounter with another aircraft. (In
some encounters, there were instrumentation problems in one aircraft such
that no data was retrieved. Since this type of plot requires data pairs,
the overall paired data sample was reduced) Thus, it can be seen quickly
how often both aircraft have warning times significantly below the desired
threshold. The 9 late alarms in Figure VII-10 are included in the alarm
pair data, From the plot it is seen that in every case except one at
43 seconds (56 second threshold), one aircraft of the pair got the alarm
nsgentially on time and was able to commence its portion of the required
complementary maneuver on time.

Figure VII~12 is the warning time history of 312 in~flight Tau 1l
alarms. Aguin the dashed lines represent the 2 sigma boundaries on Tau 1
warning tiwme as established on the theodolite range. These boundaries
encompass 94.2% of the Tau 1 warnings. Referring to Figure VII-8, it
is found that 90% of the time the CAS measurements of Tau 1 were with n
+1.6 seconds of the theodolite measurement of Tau 1. Therefore, it can
be stated with 90% confidence that for closing rates greater than 100
knots, 94.2% of the alarms were within 1.6 seconds of an upper and lower
boundary of +8.2% of the Tau 1 threshold. With 90% confidence, it can
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FLIGHT PROFILES ASSOCIATED WITH THE
TAU 2 AND TAU 1 WARNING TIME HISTORIES ‘
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Figure VII-9, Flight Profiles
For Warning Time History Plots
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TAU TWO
» WARNING TIME HISTORY OF THE EARLIEST
v ALARM IN EACH OF 167 IN-FLIGHT ALARM PAIRS
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Figure VII-1ll. Warning Time History
of the Earliest Tau 2 Alarm of an
Alarm Pair.
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Figure VII-12. Warning Time History
of 312 Tau One Alarms.

£ 206

— .v»‘ﬂ..,.\.rw.m“.,,.,rw..__ ,..,‘
w0




640

560

—_—
L._L_______
480
KNOTS

400
RANGE RATE -

LA T R e e T e

240

ettt
. . . !!W
320

160

80

feod

52
48
44
40
36
24
20
16

8 E
SANCOIS ~ AWLIL ONINYYM

emovy o1




TITUERESSATY | e RTINS TS

v NADC-75056-60
: TAU ONE
¢
WARNING TIME HISTORY OF THE EARLIEST
ALARM IN EACH OF 139 IN-FLIGHT ALARM PAIRS
i
¢
:ﬁ
’
A
E
3
¥
;‘7
ANTC-117
0 A THRESHOLD
[ .. L]
1
i“
- _
560 640 720 800 880 960

Figure VII-13. Warning Time History
of the EBarliest Tau 1 Alann of Each
Alarm. 207

b
ki
i




NADC-75056~60

be stated that all the alarms except one were greater than 22.3 seconds.
The one exception was an alarm at 17 seconds in which there was 9 db of
additional attenuation in one link and 6 db in the other during a three
aircraft encounter. It is probable that this alarm would have been
earlier with the attenuation out of the links. At closing rates greater
than 800 knots, the CAS threshold does not appear to be advanced to the
degree that it is advanced at lower closing rates. This effect shows up
in Figure VII-12 as alarms which tend to be somewhat late on the averags.

Figure VII-13 is a plot of the earliest Tau 1 alarm for each of
139 in-flight alarm pairs. The alarms are all greater than 23.4 seconds
at a confidence level of 90%. It will be noted that none of the alarms
with substantial deviations from the threshold in Figure VII-12 remain;
thus, in not a single case did both aircraft in a collision encounter
get Tau 1 alarms which were delayed significantly. Actually in the case
of the 17-second alarm, that alarm was displayed during a 3-aircraft
collision encounter in which the RA-3B was on the top of the stack at
11,500 feet altitude; the P-3 was in the middle at 11,000 feet altitudej
and the NC-117 was on the bottom at 10,500 feet altitude. The P-3 first
saw the NC-117 below at & Tau 2 with the NC=117 of 63 seconds and displayed
a limit rate descent to 200 fpm. At a Tau 2 of 45 seconds with the RA-3B,
the P-3 saw the RA=-3B and displayed a limit rate of ascent and descent
to 200 fpm. This display continued until the P=3 lost coumunication with
the A-3 at which time the Tau with the RA-3B should have been 23 seconds,
The P-3 display changed to limit rate of descent to 200 fpm instead of
dive limit rate of descent to 200 fpm. This display which did not reflect
the threat with the A-~3, persisted for 2 rounds (6.4 seconds) followed by
a proper level off display when the Tau 1l's with the A-3 and the NC-117
became 17 seconds and 29 seconds, respectively. The proper command per-
sisted ror the remainder of the encounter. The NC-117 and the RA-3B both
displayed the proper commands throughout the encounter. Computer print-
outs of other three aircraft encounters will be found in Appendices K
through M.

Inasmuch as reliable warning time is intimately associated with a
high degree of communications reliability, degradation of the power budget
which goes undetected is an area of concern. To insure that the power
budget is maintained at all times, the AVOID should have an automatic closed
loop self-test feature. The transmitted power should be sampled by means
of a probe at the antenna and fed back through an attenuator and delay line
to provide a calibrated minimum input signal at the AVOID receiver. The
signal should then be processed through the AVOID to establish proper opera-
tion of the correlator, Tau filter, and threat logic. Low transmitter power,
low recelver sensitivity or improper processing then would be detected
quickly, automatically disabling the AVOID and enabling a flashing
warning light or an audible warning. Properly designed,chis scheme
should guarantee a power budget at 211 times with 22 db.
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CHAPTER VIII

FALSE ALARMS

INTRODUCTION

This chapter discusses the false alarm characteristics of the AVOID I
equipment as delivered in January 1974. The false alarm rate was found
to be excessive. NAVAIRDEVCEN initiated many technical interchanges with
Honeywell regarding false alayms, culminating in design changes and the
igsuance of the NAVAIRDEVCEN AVOID II Requirements Document (Appendix B).
This resulted in an Avoid II design which should have a false alarm rate
in 1982 traffic densities which are in the 1 in 1000 hour range. It is
anticipated that a similar AVOID I design augmented by additional rec-
ommended techniques also should result in false alarm rates in 1982
traffic densities which are in the 1 in 1000 hour range instead of the ap~
proximate 20 per hour exhibited in the design reported herein. 1In making
an assessment of the impact which false alarms have on a collision avoid-
ance system operating within an ATC (Air Traffic Control) environment, it
1s important to calculate the aggregate number of false alarms per hour
which would occur in the most dense terminal area envisioned in the 1980 -
1990 time frame. NAVAIRDEVCEN considers a false alarm rate in each air-
craft in the range of 1 in 1000 hours to be satisfactory in such an envi-
ronment.

Congiderable effort was spent in analyzing the AVOID I system design
to identify the mechanisms by which false alarms could occur, devising
pertinent tests and developing analytical methods to establish false
alarm rates, Even if a particular type of false alarm was believed to
be of very low probability, it was identified and appropriate tests run
to prove or disprove the predicted outcome.

In order to analyze systematically the false alarm phenomena it was
reasoned that false alarms had to be subdivided into the following six
categories:

1. Phantom Intruder Alarms due to fruit.

2. Conditional Alarm Alterationes due to fruit (the alteration of a
valid alarm to an alarm of another kind),

3., Conditional Alarm Alterations due to altitude scaling factors.

4, Conditional Alarm Alteration due to two aircraft which occupy
overlapping altitude bands and which are co-range with a third aircraft.
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5. Conditional Phantom Intruder Alarms due to multipath of the
second pulse pair of the altitude encoded interrogation quad.

6, Conditional Alarm Alteration due to multipath of the second
pulse palr of the altitude encoded interrogation quad.

The phenomena encountered in categories 5 and 6 did not occur after
equipment modifications incorporated midway in the flight test program.
A discussion of these categories will be found in chapter V. In this
chapter, the remaining four categories are discussed at length. Laboratory
test results together with supporting analysis of the mechanisms involved
in each category are provided. One section of the chapter consists of a
narative of the false alarms which occurred during the £light tests. The
last section provides conclusions.

GENERAL BACKGROUND

In order to understand the rationale for the experimental methods
used to establish the AVOID I false alarm rate, it is necessary to ur-
derstand the various operational modes of the equipment. The AVOID I
basically has three automati operational modes: one mode when in level
flight (includes vertical rates up to 500 fpm), a second mode when ascend=-
ing or descending at rates between 500 and 1000 fpm and a third mode when
ascending or descanding at greater than 1000 fpm. When operating in mode
one (level flight), the AVOID I isg only concerned with an altitude band
within #1300 feet of own aircraft. Hence only the I,. basic altitude bands
are enabled for all seven sets of interrogations comprising one sedquence
or round. Branch interrogations in the I, 3 and I*4 bands in the fifth and
seventh sets of interrogations further isoiate a threat as tou whether it is
co-r .ltude (altituce differential of 600 feet or lesg) or a P=-5 type threat
(altitude differential of between 600 and 1300 feet) and whether it is be-
tween an altitude .'ifferential of 0 to 400 feet which requires biasing of
responses to insure complementary maneuvers. The co-altitude boundaries
are incremented by 200 feet in the high altitude region.

When operating in mode two, the AVOID I (if climbing) is only concerned
with an altitude band of 2000 feet above to 130C feet below or if diving
just the reverse. Thus an additicnal altitude band, the I+1 is enabled
for all seven sete of interrogations (provided a threat exisés) with branch
interrogations in the I,. and PCA (predicted coaltitude) bands to isolate
the threat as being in tge 1300 to 2000 foot altitude band, the 600 to 1300
foot altitude band or the PCA band with an upper boundary equal to the sum
of 600 feet and one half the altitude rate in feet per minute, Similarly,
when operating in mode three, another altitude band is enabled, the I,
extending (if climbing) to 3200 feet above and 1300 feet balow with brahch
interrogations in the 1.13 to isolate the threat to the 1300 to 2000 foot
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altitude band or the 2000 to 3200 foot altitude band.

I In mode one, the display is only enabled if essentially the same threat
level is present for two out of three rounds, thus providing substantial dis-
play suppression of fruit tracks or correlations in the branch altitude

bands which nearly always are separated by more than one round. In modes

two and three, the display is enabled the first round in which a threat is
present, and as would be expaected, the fruit susceptibility is increased.

pemrre

The basic fruit rates used in the false alarm tests are in accordance
with the Honeywell simulations of the FAA 1982 Los Angeles Traffic Model
(appendix A) during the peak hour of the peak day. 1In the simulation,
the most dense pcrtion of the model was selected and all aircraft were
equipped with a CAS. All IFR aircraft (15% of the aircraft) were equipped
with AVOID I and all VFR aircraft (858 of the aircraft) were equipped with
AVOID II. As a xesult of the simulations, it was determined that the ¥
AVOID I would receive 32,000 fruit pulses per second and 1261 intecroga- o
tions. This will be referred to as the predicted fruit rate, The simulation
was then repeated with the power budget increased by 2 dB, Under these con-
ditions, the resultant frult was 62,000 pulgses per second with 1808 inter- 4
rogations., These figures slightly modified (64,000 pulses per second with E
1536 interrogations) were recommended by Honeywell for purposes of the flight
tests and will ba referred to as the recommended fruit rate., In some of the 5
NAVAIRDEVCEN false alarm tests conducted in the laboratory, the fruit rates
were raised beyond the recommended rate (as high as 96,000 pulses per second
with 1536 lnterrogations)., This was done to accelerate the rate at which 3
false alarms were generated in order to get measurable number: of false :
alarms during tests of reasonable duration.

PHANTOM INTRUDER ALARMS DUE TO FRUIT ;

The test series designed by NAVAIRDEVCEN to generate the data for the
mode 1 fruit induced phantom intruder alarms, curve 1 of figure VIII-1, con-
sisted of operating the AVOID I in mode one in the above 9500 foot altitude H
band at varying fruit rates. Two hour tests were conducted at each of four
different fruit rates 16K/1536, 32K/1536, 64K/1536 and 96K/1536 injected into N
the receiver. It is to be noted that no legitimate threats were injected ;
during the tests at the 3 lower frult rates. The phantom targets due to the
formation of fruit TAU tracks did not appear in a two hour period until a
¢ fruit rate of 64K/1536 was reached, At that rate, two co-altitude TAU 2 ‘
[ phantom targets at different ranges and range rates appeared consecutively
L as targets above the interrogating aircraft with a limit climb rate to 200
fpm displayed twice. At the 96K/1536 fruit rate, phantom intruders appeared
many times during the twu hour test period., Seven of these were co-altitude
TAU 2 threats above own aircraft and seven ware co-altitude TAU 2 threats
below own aircraft, They are classified in table VIII~1 by threat type,
whether they were displayed once, twice in a row, or three times in a row
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NADC-75056~-60
TABLE VIIi-l. PHANTOM FALSE ALARMS
! IN LEVEL FLIGHT WITH NO INTRUDERS
: (CURVE 1 FIGURE VIII-1)
]
No. Internal Threat
. Fruit of Pllot Status False Alarm
KPPS | Occur~-| Round | Display Due to Due to Mechanism k
rences Real Target| Fruit ¥
16K - - None - None None 3
32K None - None None
64k | 1 1 - - 12 |Fruit track in I, j
12,7 nmi @ 1635 fRots -
2 200A T2A |Prult track in I 6 ;
o 9,3 nmi @ 2713 kndts 3
! 3 200A None [None Fj
N %}
; 1
%6k | 3 1 - 128 [Fruit track in I_ b
11.8 @ 2286; 10.7°@ 2589,
16 @ 1807 i
2 200B - T2B |Fruit track in I-6 3
15,7 @ 1303; 13.37°@ 1392, P
5.5 @ 2689 ;
3 200B - None None
96K 1 1 - T2B |Frult track in 1-6 .1
12,6 @ 2198
! 2 - None None
) 3 200B - T2B  |Fruit track in Ig
t 10.1 @ 2749
! 96K b 1 - T2a  |Frult track in I
15 @ 2861
2 200A - T2A |[Pruit track in I+6
13,1 @ 1886
3 200A - None None
96K 2 1 - t2A (Fruit travk in I 6
13.9 @ 2500, 16.4%@ 1623
2 - None None
3 200A - T2A |[Fruit track in I,
no print-out; 14.§ Q 4254
i !
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TABLE VIII-l. PHANTOM FALSE ALARMS
IN LEVEL FLIGHT WITH NO INTRUDERS
(CURVE 1 FIGURE VIII-1) (Cont.)

No. Internal Threat
Fruit of Pilot Status False Alarm
KPPS | Occur-| Round [Display Due to Due to Mechanism
rences Real Target| Fruit
.
96K 1 1 - 124 |Fruit track in I+6 11.1 @ 2879
2 - None
3 200A 72A |Frult track in I,.g 12.1 @ 2595
4 200 - T2h  |Fruit track in l4g 11.5 @2731
5 200A - None
Fruit Rate PPS
Summary
16K/1536 32K/1536 64K/1536 96K/1536
Number of False Display Q 0 2 14
Number of Rounds 2250 2250 2250 2250
Test Duration in Hours 2 2 2 2
False Alarm Rate Per Hour 0 0 1 7
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and the fruit mechanism which caused them, Referring to table VIII-1

there was one co-altitude TAU 2 threat below (12B) in which the threat

was formed in the first round, missed in the second round, and formed in
the third round, satisfying the two out of three display logic, This caused
the output of a one round display of limit dive rate to 200 fpm (200 B).
The threat in the first round was caused by formation of a phantom fruit
track in the I__ altitude response band at a range of 12.6 nmi and closing
rate of 2193 knots and that in the third round by the same mechanism at
10.1 nmi and 2749 knots. There were three co-altitude TAU 2 threats “¢low
in which the threats were formed in the first and second rounds causing the
200 B to be displayed. The phantom pairs were formed at 11.8 nmi at 2286
knots, 15.7 at 1303 knots; 10.7 nmi at 2589 knots, 13.3 nmi at 1392 knots;
16 nmi at 1807 knots, and 9.5 nmi at 2689 knots.

The co-altitude TAU 2 threats above were similarly formed in the I, .
bands. There was one occurrence where the 200A threat was displayed
twice in a row and one occurrence in which the 200A threat was displayed
three times in a row. 1In the later case, fruit formed phantom tracks in
the I, band in the first, third, and fourth rounds at supersonic closing
rates., The possible effects which these phantom targets can have are multi-
tudinous. If there are no real threats when they occur and the interrogating
aircraft is in level flight, the effect is an unnecessary advisory to limit
rate of ascent or descent. If there are no real threats and the interro-
gating alroraft is taking off from a terminal area and is climbing rapldly to
get to cruise altitude, a limit rate of climb to 200 fpm command due to a
phantom target is disruptive to the pilot, to the ATC system and may be haz-
ardods to the large number of aircraft in the area (the phantom targets are
the result of high fruit levels which result from a large population of air-
craft in a concentrated area). The other commands resulting from phantom
targets which limit rate of ascent or descent to 500, 1000, or 2000 fpm are
disruptive to varying degrees when the aircraft is ascending or descending.

The principal cause of the formation of phantom TAU tracks was the use
of range bins which became increasingly wider with increasing range (50 feet
from O to 5 nmi, widening to 168 feet at 15 nmi) and the processing of TAU
tracks involving phantom targets at supersonic closing rates. The latest
AVOID I design as of 15 April 1975 uses 50 foot bins throughout the entire
range, two out of two display logic, and does not process threats at super-
sonic closing rates since that is not a current requirement. Supersonic
capability if required could be incorporated with very low phantom alarm
rates by using round-to-round correlation in both range and range rate before
processing threats through the display logic,

Curve 2 of figure VIII-l represents the rate at which fruit induced
phantom intruder alarms were generated when in a climb or dive flight pro-
file between 500 and 1000 fpm (mode 2). The data used to generate this
curve were derived from the test series used to generate curve 3 in which
there was an actual P10 threat which masked the false P10 alarma. However,
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£ the computer printout of the all-threats data, listed all of the threats
; (due to real targets and fruit) in every round regardless of what was fed
; to the display. Thus it was possible to analyze these data to determine
i . the probability of developing phantom tracks in any of the threat bands.
1)

t

' By noting that the probability of a t2A threat (I+ . I+1‘) or a Plo

i threat (I+ . I+ ) for a single round of seven aegs was éhe same, the

: occurence %i the §2A phantom tracks could be used equivalently to develop

i the P10 phantom alarm display rates, Thus the false alarms actually
occurred as TAU 2A internal threats on a round-to-round basis. None
appeared as a pilot display because of the two out of three logic require-

; ment. However, P10 threats do not have the two out of three logic pro-

! tection; thus the TAU 2A internal threats can be treated equivalently as
P10 displays.

In table VIII-2, it is seen that at fruit rates up to and including
32K/1536, no phantom tracks were formed, However, at a fruit rate of
64K/1536, there were twenty T2A internal alamms which were equivalent to
ten phantom PlO displays. All but three of these T2A tracks were formed ;
at supersonic closing rates at between 8.3 and 16,4 nmi, It will be noted ¢
that the P10 type of threat utilized the one out of one display logic rather !

P than the much more powerful two out of three display logic used for co- R
; altitude threats. The one ocut of one enable/inhibit logic has been dropped ;o
in favor of a two out of two enable/inhibit logic for all future AVOID b
equipments which, together with other modifications, should insure a low :
false alarm rate, 3

CONDITIONAL ALARM ALTERATION DUE TO FRUIT

curve 3 of figure VIII-1 consisted of injecting a vertical rate signal into
the AVOID corresponding to a climb rate of 700 fpm and then setting up an
intruder at an altitude of 2000 feet above own altitude and at a fixed

range of 0.3 mile where the bin widths are 50 feet, The one to two hour
tests were run at each of three fruit rates: 16K/1536, 32K/1536 and 64K/1536
injected into the AVOID receiver along with the desired intruder. The ¢
proper display for own aircraft was limit climb rate to 1000 f£pm. Analysis
of the computer printoutd of the decoded tapes revealsd (table VIII-3) that ,j
the displayed commands were correct at a fruit rate of 16,000 pulses par -3
gecond, However, at 32,000 pulses per second the limit climb rate to 4
1000 fpm display was altered to a 500 fpm display twice at different times

during the 2 hour periocd and altered tn a level-off command display twice .
in a row during the 2 hour period. At a fruit level of 64,000 pulges per H
second the alteration to a 500 £pm display occurred six different times i
during a one hour period, and the alteration to a level-off command occurred ]
and was digplayed three times, twice in a row. Each time fruit correlated

in the IPCA altitude band, producing a single PCA threat, the display logic

|
i
The tast series designed by NAVAIRDEVCEN to generate the data for l
!
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TABLE VIII-2. PHANTOM FALSE ALARMS
IN ASCENDING FLIGHT AT 700FPM WITH NO INTRUDERS
(CURVE 2 OF FIGURE VIII-1)

No. Internal Threat
Fruit of Pilot Status False Alarm
. Rate Occur~ | Round | Display Due to Due to Mechanism
" PPS rences Real Target { Fruit
: 16K - - None - None None
32K - - None - None None
3 64K 20%* 1 None - T2 Fruit track in I_ :
* 14.3 nmi @ 2897 AEs
‘ 15.2 nmi @ 2583 kts
9.1 nmi @ 2355 kts
8.3 nmi @ 722 kts*
**  Since the number of possible 15,8 nmi @ 1605 kts
P10 rounds (6.5 seconds) in a 12.8 nmi @ 2358 kts
1 hour interval is half of the 14,1 nmi @ 2464 kts
12A rounds (3.2 seconds), the 9.7 nmi @ 1842 kts
number of equivalent P10 dis~ 13.7 nmi @ 3738 kts
L plays would be half of the in- 14,0 nmi @ 1179 kts*
(| ternal T2A threats which occurred, 15.6 nmi @ 1534 kts
! This would be equivalent to ten 15,7 nmi @ 1475 kts
. 1000A (limit climb rate to 1000 14.8 nmi @ 1119 kts*
! FPM) displays. 15,5 nmi @ 1451 kts
: r 12.1 nmi @ 3448 kts
' 14.6 nmi @ 2849 kts
*  Subsonic Tracks 14.8 nmi @ 2962 kts
16.4 nmi @ 1664 kts
12,6 nmi @ 2778 kts
' ] ] 15,4 nmi @ 1481 kts
) Fruit Rate - PPS
; Summary
l 16K/1536 | 32K/1536 | 64K/1536
? Number of Equivalent False Displays 0 0 10
Number of Rounds 894 1125 563
Test Duration in Hours 1.6 2,0 1.0
False Alarm Rate per Hourt 0 0 11

+ Level Flight Phantom Alarms are a Subset
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CONDITIONAL FALSE ALARMS

IN ASCENDING FLIGHT AT 700 FPM WITH INTRUDER
AT 2000 FEET (CURVE 3 OF FIGURE VIII-1)

—
No. Internal Threat
Fruit of Pilot Status False Alarm
KPPS Occur- | Round | Digplay* Due to Due to Mechanism
rences Real Target | Fruit
16K - - 1000a Pl0O None None
32K 2 1 10002 P10 None None
2 500A P10 PS5 Fruit Correlation with
real target in I+6 on
S5th and 7th sets
1 1 1000A P10 None None
2 Level Off P10 BCA Fruit Correlation with
real target in ¥CA on
5th and 7th sets
3 Level Off P10 None None
64K ] 1 1000A P10 None None
2 5002 Plo P5 Fruit Correlation with
real target in I 6 O0
S5th and 7th sets
3 1 1000A P10 None None
2 Level Off P10 PCA Fruit Correlation with
real target in PCA on
5th and 7th sets
3 Level Off P10 None None

* Proper Command is 1O0OA (Limit Climb Rate to 1000 FPM).

Fruit Rate = PPS
Summary

16K/1536 | 32K/1536 | 64K/1536
Number of Falge Displays 0 4 12
Number of Rounds 1125 1125 563
Test Duration in Hours 2 2 1
False Alarm Rate per Hour 0 2 12
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latched for two 6.5 second rounds resulting in the level off command being
displayed for 13.0 seconds.

In interpreting this curve, it must be understood that it is a con-
ditional probability curve that presupposes an aircraft in a threat status.
It is thus quite different from the phantom intruder phenomena +hich does
not presuppose an aircraft in a threat status.

The mechanism by which the commands are altered by fruit can be best
explained by reference to the interrogation sequence diagram, figure I-5.
When climbing at a vertical rate of 700 fpm the AVOID I interrogates
with an IP code which is shifted by 350 feet (30 seconds » own altitude
rate in fegg per second)., If an intruder aircraft is at an altitude dif-
ferential of 1150 feet or less it will respond, and is considered a pre-
dicted coaltitude threat.

Since the climb rate exceeds 500 fpm, the interrogation of the I,
band is enabled for set 1 and all subsequent sets of sequence 1 as long
as a TAU threat exists on each subsequent set of interrogations. If the
AVOID I were functioning correctly, it would interrogate with the I B
I+ » and I_. basic codes, develop a TAU track in the I band ana would
nog correlage in the I, 0% IP bands on the 5th and 7%% sets (the in~-
truder at 2000 feet above shou?é not fall within tho I+6 band which has an
upper boundary of +1350 feet nhor the I ¢ band which has an upper boundary
of +1150 feet at a vertical rate of 708 %pm). The resultant display should
be a limit climb rate to 1000 fpm,

With fr’t injected at rates of 32K/1536 and higher, occasionally
fruit replies occupied the l+6 bands or the IP band in the 5th and 7th
interrogation sets within the acceptance gate Eécated at the range of the
intruder airxcraft. This then caused the limit climb rate to 1000 fpm dis-
play to be altered to a limit climb rate to 500 fpm (if the fruit corre-
lates in the I+ band) or to a level off display (if the fruit correlates
in the I cA bang). The level off command persisted for two 6.5 second
rounds wgen fruit correlated in the I band during one round evidently

PCA
due to a display logic anomaly.

similar alterations of commands occur when descending or when ascending
at vertical rates greater than 1000 fpm which enablas interrogation with
the I+2 code. If the real target correlates in the I 13 OF I 2 bands,
and fru;t correlates in the I bands, the threat 1ogIc output aisplays the
more serious threat which is ggﬁ predicted co-altitude threat with the level~
off command. A tabulation of some of thaz possible command alterations due
to fruit comprises table VIII-4.

Curve 4 of figure VIII-1 is the level flight conditional false alarm
rate of the AVOID I given that own aircraft is in a TAU 1 alarm statuc,
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TABLE VIII-4.

NADC-75056-60

CONDITIONAL ALARM ALTERATION MODES 2 AND 3

Interrogating Intruder
Alrcraft Aircraft Proper Altered Command
Vertical Altitude Command (Due to Fruit Correlation
Rate -~ FPM Differential in the Branch Altitude Bands)
>500 fpm <2000 feet LVS up LVS up Level Off
>1300 feet 1000 fpm 500 fpm
>1000 £pm <3200 feet LVS up LVS up Level Off
>2200 fert 2000 fpm 1000 fpm
<500 fpm <2000 feet LVS down ILVS down Level Off
>1300 feet 1000 fpm 500 fpm
<1000 £pm <3200 feet LVS down LVS down Level Off
>2200 feet 2000 fpm 1000 fpm
220
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The series of tests develoﬁed to generate the data for this curve consisted
of operating the AVOID I in the level flight mode in the above 9500 ft alti-
tude region, setting up a target at 0,15 nmi at an altitude differential of
800 feet above and conducting two hour tests at each of four different fruit
rates: 16K/1536, 32K/1536 64K/1536 and 94K/1536. If the AVOID did not corre-
late on fruit, it would display a dive command continuously. As shown in
table VIII-5, it did just that at fruit rates up to and including 64K/1536.

At the 96K/1536 rate, however, the dive command was altered in three instances
to a dive command with a limit dive rate to 200 fpm and was altered in one
instance to a dive command with a limit dive rate to 500 fpm. Table VIII-5
lists the type of alarm alterations, their duration in terms of number of
rounds displayed, and the mechanism by which the alarm alterations occurred.
In case 1, the dive command was altered to a dive limit rate of dive to 500
fpm on the third of three rounds. During the first round fruit correlated

in the I__ band on the 5th and 7th sets of interrogations which together

with the real target in the I 6 band satisfied the logic for an equal alti~
tude TAU 1 threat (EAl). DurIng the second round, the fruit did not corre-
late or form a phantom track. However, in the third round, fruit occupied

the range bins in the A through G registers of the I_. band, formed a phantom
track at 16.3 nmi at 1955 knots and in addition correfated in the E and G
registers of the I_,, band. This satisfied the logic for an M5 threat which
when combined with ége EAl threat in the first round (2 out of 3 display logic)
caused a limit dive rate to 500 fpm to be displayed along with the dive command.

In case 2, the dive command was altered to a still more restrictive
command "dive but limit dive rate to 200 fpm" for two consecutive rounds.
During the first round, fruit correlated in the I__ band on the S5th and 7th
sets of interrogations which together with the reaE target in the I, , band
satisfied the logic for an EAl threat. In the second round, fruit fgxmed a
phantom track in the I , band at 10.7 nmi at 2873 knots. This satisfied
the log'.c to output a EEU 2 co~altitude threat below (TZB) which when com-
bined with the EAl threat in the first round caused a limit dive rate to
200 fpm to be displayed along with the dive command for two rounds, Case 3
was similar to case 2 but only dipplayed the limit dive rate to 200 fpm
once since there was no fruit correlated threut in between the EAl threat
in the first round and the 12B threat in the third round at 15.4 nmi at
1765 knots.

Thus the rate at which fruit alteration of a TAU 1 alarm occurred

(given that a TAU 1 alarm was present) was 4 out of 2250 rounds or approx-
imately 2 per hour.

CONDITIONAL ALARM ALTERATION DUE TO ALTITUDE SCALING FACTORS

The altitude scale factor of 1 nanosecond per foot, proved to be tou
critical to preserve the 100 foot digitizing accuracy of the altimeter in
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TABLE VIII-5. CONDITIONAL FALSE ALARMS
IN LEVEL FLIGHT, CO =ALTITUDE INTRUDER
(CURVE 4 OF FIGURE VIII-1l)

m———-»«mm e s
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i Internal Threat
3 Fruit Pilot status False Alarm
] : Pulses Round | Display* Due to Due to Mechanism
PPS Real Target| Fruit ¥
: 16K Dive TA, T1A - None
¢
: 32K Dive TA, T1A - None
i 64K Dive TA, T1A - None
96K 1 Dive TA, T1A EAl Fruit Correlation
(Cage 1) with Real Target
in I_6 in 5th and 7th
- sets”
3 2 Dive TA, T1A - None
3 Dive 500B TA, TlA M5 Formation of Fruit
Track in I__. @ 16.3 nm,
1955 kte ang correlation
inI in 5th and 7th
-13
sets
9GK 1 Dive TA, T1A EAl Fruit Correlation with
(Case 2) Real Target in I in
5th and 7th sets i
2 Dive 200B TA, T1A T2B Formation of Fruit Track :
in I_6 @ 10.7 nm, 2873 :
kts
3 Dive 200B TA, T1A - None ,
; 96K 1 Dive TA, T1A EAL Fruit Correlation with :
, (Case 3) Real Target in I_6 in :
t 5th and 7th sets .
2 Dive TA, T1A - None J
3 Dive 2008 TA, T1A T2B Formation of Frult Track :
in I-EL@ 15.4 nm, 1765 kts
* Proper Display 1s a Dive Command
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TABLE VIII~5, CONDITIONAL FALSE ALARMS

IN LEVEL FLIGHT, CO-ALTITUDE INTRUDER
(CURVE 4 OF FIGURE VIII-1) (Cont.)
! Fruit Rate = PPS
Summary 16K/1536 32K/1536 | 64K/1536 | 96K/1536
Number of False Displays 0 0 0 4 #
A Number of Rounds 2250 2250 2125 2250 3
Test Duration in Hours 2 2 ~2 2 i
False Alarm Rate Per Hour ] 0 0 2 ;
' ;
¢
j
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[
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establishing altitude threat boundaries. The system jitter which was pri-
marily in the receiver was such that when altitude encoded interrogations
were received, approximately 2% of the time the decoded interrogations

were in error by 100 feet (and in a few instances by 200 feet). (Additional
information on specific flights will be found in the flight narrative of this
chapter.) Part of the problem stemmed from the fact the design goal was a
receiver with 20 MHz bandwidth at the 3 dB points, System problems :ith
regard to power budget, resulted in a receiver bandwidth of less than 1C MHz
Thus the ability to resolve the 1 nanosecond per foot was degraded, This
resulted in a 100 to 200 foot zone of ambiguity at the altitude response
band boundaries and caused the alteration of legitimate alarms., For example,
in the above 9500 foot altitude regime, an intruder at an 800 foot altitude
differential which should be identified as a co-altitude threat with a dive
or climb command is sometimes decoded as being a 900 foot non co-altitude
threat with a limit rate of ascent or descent to 500 fpm. The reverse situ-
ation also can occur where the intruder is at 900 feet, should be identified
as a non co-altitude threat but instead is decoded as being at 800 feet and
is classified as a co-altitude threat. Similar mechanisms occur at the upper
boundary of the I . band which can cause ..ussification of an intruder as
above 1300 feet wﬁgn in fact the intruder is below 1300 feet (or the reverse
situation)., Similarily, an uncertainty at the upper boundary of the I+l
band can cause classiflcation of an intruder at above 2200 feet when in %act
the intruder is below 2200 feet (or the reverse), Ambiguity in the I boundary
causes an intruder at an altitude differentiai of 500 feet to be identified
as having a 400 foot altitude differential thus causing the interrogating
aircraft to bias its responses by 200 feet in a direction opposite to the
threat. The reverse situation can also occur,

Future AVOID I and AVOID II equipment will have 20 MHz bandwidth
receivers and a 2 nanosecond per foot scaling factor to insure that alti-
tude decoding is noncritical and to insure full compliance with the
NAVAIRDEVCEN AVOID II Requirements Document (appendix B) which requires
that there be no zone of ambiguity at the altitude threat houndaries.

CONDITIONAL ALARM ALTERATION DUE TO A CO-RANGE SITUATION

In the situation where two aircraft are co-range with a third aircraft
and occupy overlapping altitude response bands with respect to the third
aircraft, alarms which have been correct in previous rounds could be al-
tered resulting in a false display. Visualize a three aircraft encounter
in which an aircraft A is at an altitude of 10,000 feet converging on
alrcraft B and C at altitudes of 10,500 and 11,000 feet, respectively.
Assume that B and C have ranges to A which are within 300 feet of each other
and that the TAU 1 threshold of B with respect to A has been exceeded.

A correlates B in the I+6 aliltude response band and since there is ample
range separation between B and C, correlates C in the I+ and I+ alti-
tude respoinse bands. A thus determines that B is a co-aititude %RU 1l

224

sk

[P



p

mm;‘;wh._ et et U b bt et

NADC-75056-60

threat which supercedes C which is a non co-altitude threat < 1300 feet
above. The threat logic outputs a dive command. Assume that one round
later B and C's range to A become the same (co-range) and remains that
way for the round. A now correlates B and C in the same range bins in
the I, . altitude response band, considers it one intruder and corxrelates
C in tﬁe I 3* A thus considers that it has a single intruder which is
non co-altt%ude and less than 1300 feet above., Since the display logic
requires two threats out of three to be the same, the effect that this
round has had was to alter the internal threat status of the intruder
but not the displayed dive command. If the co-range situation dwelled
for another round (actually an unlikely event) the display would be al-
tered to an incorrect alarm indicating a limit rate of ascent to 500 fpm
rather than a dive command.

In a situation where aircraft A is at 10,500 foot altitude, conver=-
ging on B and C at 10,000 and 11,000 foot altitudes, respectively, if
B and C become co-range with A, A correlates B and C as one target in
the I+6 and I__ altitude response bands thus identifying the intruder
as an equal algitude threat. If the co-range situation dwelled for two
rounds it could cause alteration of a level off command to a dive or a
climb command depending on the decision made by the tie breaking logic.
It must be pointed out that these are very low probability events. To be-
gin with a situation where three aircraft converge on each other with
small vertical separations is a low probability event. This coupled
with the low probability of two of the aircraft being co-range with a
third aircraft in the crucial TAU 1 zone for more than one round results
in a very low joint probability of alarm alteration.

To determine the AVOID I co-range resolutién capability, laboratory
tests were conducted using two targets in overlapping altitude bands
each of which were generated from separate traffic simulators. The tar-
gets progressively were brought closer and closer to the same range until
the AVOID was no longer able to distinguish the two separate intruders
and thus failed to correlate the altitude bands correctly. The resolu-
tion was found to be between 100 and 200 feet.

In the flight test, co-range situations occurred during the three
aircraft collision encounters. The AVOID I was able to resolve two in-
truders which were co-range within 100 to 200 feet. 1In those encounters
in which the aircraft were co-range within 100 feet or less, the altitude
correlation was incorrect for one round and altered the internal threat
status of the intruders., However, in no case was the wrong command dis-
played to the pilot.
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FALSE ALARM FLIGHT NARRATIVE

The frequency of in-flight false alarms decreased afier corrective
actions by Honeywell midway through the flight tests; however, there
still remained a significant number of guch events, particularly those
considered in the category of alarm alterationg. For example, at or
near the 1300 foot altitude geparation, the boundary definition was not
always firm. Thus, a 1300 foot TAU 2 above threat should be displayed
as "limit climb to 500 feet per minute"(P-5). If it were displayed as
"limit climb to 10N0 feet per minute" (P-10), it was considered a con-
ditional alarm alteration. The appearance of a target threat where
none existed, due to excessive fruit, was categorized as a phantom in-
truder alarm. Occasionally, wrong threats at various critical altitude
boundaries occurred intermittently for single rounds, but did not appear
as wrong displays Lecause of the 2 out of 3 display logic, The altitude
boundary problem was scrutinized carefully during a special portion of
flight 6 designed for this purpose. The P-3 flew repeated figure 8 pat-
terns ahove the NC-117 with the NC~1l17 close behind (less than 0.5 mile
separation). The flights were thus always in the TAU 1 zone at or near
critical altitude separations such as 1300 and 800 feet above 10,000 feet.
There were 14 altered displays out of a total of 2200, The percentage of
altered displays was thus 0,63 percent. There were no phantom false
alarms, All 14 altered displays occurred in the P-3 aircraft and for the
same reason. The fruit in the NC-117 was 64K/1536., This means 64,000
fruit replies and 1536 interrogation quads above threshold. The fruit in
the P-3 was 32K/1536., In a typical case, the NC-117 detected the P-3
target in the I+ interrogation band which covers altitudes from -50 feet
to +1350 feet. &ith the actual P~3 altitude separation being 700 feet, for
example, the I al-itude correlation sequence of interrogations in the
NC~-117 covering altitudes from 850 to 2250 feet properly identified the
P~3 target as co-altitude. However, the I , altitude correlation sequence
(+450 feet to -950 feet) wrongly mistook fruit for the target and identi-
fied it as being within 400 feet above requiring the NC-117 to bias its
own altitude 200 feet negatively. The NC-117 had the proper "dive" command
but because of its negative bias appeared to be 900 feet below the P-3 in-
stead of 700 feet below. The P-3 had no choice except to call the NC-117
an M5 threat (limit to 500 feet below) instead of displaying a “climb-
command. The cause of the problem, in this flight, was a conditional
wrong altitude correlation due to excessive fruit levels in the NC-117
aircraft. The problem would not have occurred at lower levels of fruit
in the NC-117. It should be noted that in the AVOID I egquipment flight
tested, altitude correlation of a threat occurred in the S5th and 7th
interrogation sets of the 7 set interrogation sequence.

some of the false alarms occurring in the remaining communication

reliability flights were those due to fruit looking like a supersonic
threat, in the wider range bins generally beyond 8 miles. A typical
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example in the communication reliability portion of flight 6 was a

fruit target in the NC-117 (recall the high fruit rate 64,000 replies
per second) at an apparent range of 48,000 feet and a range rate of

2500 feet per second giving a TAU of 19 seconds. This registered as a
TAU 1 below threat for one round. This is an instance, however, where
the 2 out of 3 requirement for display prevented a fal ‘larm display
from occurring, A supersonic capability had been buil. .to the AVOID I
equipment before the requirement for supersonic capabii_cy was dropped.
Honeywell could have inhibited supersonic TAU tracks in this equipment
but becanse of the complexity did not do so. Therefore, these supersonic
fruit threats should not be assessed as faults. Should a supersonic
capability be later required, the equipment could be built with the
narrower 50 foot range bins all the way to maximum range, This would
give a finer discrimination against false tracks due to random fruit,

In the communication reliability portion of flight 6, there were 3 such
instances of isolated rounds all in the NC=117 with its higher fruit
level detecting a supersonic fruit track, none of which resulted in a
pilot display. In addition, there were 6 altered rounds; e.g., T1A
ingtead of P5, but no altered displays.

In £light 7, with fruit of 64K/1536 in both the P-3 and NC-117,
there were 8 altered displays, 7 cases of unnecessary biasing, 17 iso-
lated altered rounds not resulting in a wrong display, and one round
having a phantom fruit target.

Flight 9 illustrated the altitude boundary problem due to the use
of a scale factor of 1 nsec/foot. In the first encounter of this flight
with the A-3 at 11,600 feet and the P-3 at 10,800 feet (800 foot separa-
tion should be co-altitude), the P~3 should have displayed a "dive"
command., However, with the 1 nsac/foot scale factor, the A-3 replied
to the P-3's I+ interrogation set and was therefore declared to be a
P=5 threat (1imig climb to 500 feet per minute) instead of co-altitude.
There were a total of 19 such altered displays in this encounter. A
similar 1 nsec/foot resolution problem occurred during a portion of en-
counter 9 of this flight, With the A-3 1400 feet above the P-3 after
taking evasive actlon, it was displayed by the P-3 as a P-5 threat three
timcs instead of as a P-10 threat. In the remainder of the flight, there
were only three igolated altered rounds in the P-3 with no altered dis-
plays. During encounter 13 of this three aircraft flight, the P-3 tracked
the NC-117 perfectly at the 800 foot boundary below, indicating that the
critical altitude gate adjustment in the NC-117 was probably better than
that of the A~3, There were two instances of uncalled for altitude
biasing in the P-3 with the A-3 500 feet above. The fault, again was in
the A-3 altitude gate, since it should not have permitted a reply to the
P=3's I+4 interrogation at 500 foot separation.
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One of the isolated altered rounds in the P-3 was due to a co~range
effect which did not persist long enough to result in a wrong display,
The A-3 above waz at the same range from the P-3 as the NC-117 below.
Thus, the P-3 had a response to its I 6 interrogations at the same range
as the response to the I_ interrogatIons. It had no choice but to in=
terxpret this ac a single Squal altitude target.

The A-3 displayed four P-10 and P-20 phantom fruit targets in the
"unrestricted” test mode as false alarms during the encounters of this
flight., All were of the supersonic range rate variety previously dis-
cussed., P-10's and P-20's do not have the benefit of the two out of
three logic and are displayed for 6 seconds. In the normal mode of
operation, these would not have occurred in level flight since higher
altitude bands are not interrogated; however, the P-~10's and P-20's
could have occurred if the climb rate had been greater than 500 and
1000 fpm, respectively.

In the same three aircraft flight with the A-3 above the NC-117,
the A-3 had four altered displays like M~10 instead of M-5, while the
NC=117 had one altered display, a P-5 instead of a P-10.

The P-3 had no altered displays in thin flight with respect to the
NC-117. Neither did the NC-117 with respect to the P-3. There were
two isolated altered rounds in the P-3 and one in the NC-117. Each
aircraft had one instance of erroneous bias.

Another instance of altered displays at the 800 foot boundary
occurred during encounter 1l of flight 1l at an angle between radials of
60 degrees, The A-3 was 800 feet above the P~3 and displayed the proper
climb command. However, over a good portion of the TAU threat status
interval, the A-3 replied to the I altitude correlation interrogation
set from the P-3 causing the P~3 to aisplay a "limit climb to 500 faet
per minute" (P-5 threat) instead of "dive" (TAU 1 threat). There were
seven such altered displays in the P-3 aircraft., In addition, there
were three isolated altered rounds in the P-3 and three in the A-3
without accompanying altered displays.

An even more consistent example of the altitude boundary problem
occurred during several of the minus 90 degree encounters between the
A-3 and NC-117 of flight 11. With the A-3, 1400 and sometimes 1500
feet above the NC~1l17, the A-3 had 50 wrong M-5 displays instead of
the proper M-10 displays. Approximately concurrent with the A-3 altered
displays, the NC-117 had 40 P-5 displays instead of the proper P-10
displays. This could be explained by poorly adjusted altitude gates in
both the A~3 and the NC-117, or by a problem in the A-3 alone. Remember
that the spacing between the first pulse pair and the second pulse pair
of an interrogation has a factor of 1 nsec per foot for each altitude
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band interrogated. If this spacing were off, the NC-117 would reply to
the A-3's I.g interrogation set (+50 to -1350 feet) when it should not,
giving the A-3 wrong boundary indicationa, If, at the game time, the
A-3's altitude gate adjustment was off, it would reply to the NC-1l17's

I4+6 interrogation set when it should rot, giving the NC-117 wrong boundary
indications. 1In any case, tha wrong displays at the various altitude
boundaries indicate the need for a less critical scale factor, e.g., 2 nsec
per foot. The incidence of this type of altitude boundary problem between
the P~3 and NC-117 in flight 11 was much lower, with only 1 case of an
altered display in the NC-117.

Flight 12 between the A~3 and P-3 did not experience any altitude
boundary or false alarm problems,

In summary, table VIII-6 shows that after some of the false alarm
problems were solved the remaining communication reliabjility flights
starting from flight 6, experienced approximately 133 conditional alarm
alterations (altitude boundary problems) and ten phantom tracks, six of
which were displayed in the unrestricted interrogation mode and four of
which were isolated single round phenomena which were not displayed (high
fruit, wide range bins, supersonic range rate problem), There were
approximately 38 wrong rounds primarily due to the altitude boundary
problem which did not result in wrong displays because of the two out of
three round display criteria. A few were due to altitude fruit correl-
ations. There were approximately 14 cases of unnecessary biasing con-
tributing to altered rounds and altered displays at the opposite end of
the link. The biasing was primarily due to problems in distinguishing
the altitude boundaries of *400 feet by the I,, altitude correlation
gats of interrogations, e.g., an altitude sapa@ation of 500 feet was mis-
taken for 400 feet. On some occasions, fruit replidss were correlated in
the I, altitude correlation sets of interrogations and caused unnecessary
bilasing. To improve the altitude boundary definition, NAVAIRDEVCEN recom-
mended a 2 ngsec per foot scale factor in place of the 1 nsec per foot.

Occasionally, an early alarm would result from a fruilt track looking
like a TAU 2 threat a round bafore a real threat appeared. The two
rounds in succession satisfied the two out of three criteria and gave
a display 3 seconds earlier than desired even though the two separate
threats (one false and one real) were not related in range.

CONCLUSIONS
NAVAIRDEVCEN considers the false alarm rate of a collision avoidance
system crucial with respect to pilot acceptance and interaction with the

air traffic control system. If a pilot who flies with a CAS sees that
when he gets a CAS command it is real except for one 6.8 second false alarm
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TABLE VIII-6.

NADC=-75056-60

SUMMARY OF IN-FLIGHT FALSE ALARMS

(PREDOMINANTLY LEVEL FLIGHT MODE 1)

ST T e

Number | Number % False Alarm
of of of Rate
Alarms | Rounds | Occurrence Per Hour
Conditional Alarm Alteration
Due To Altitude Scaling Factors
And Fruit:
Total All Categories 133 7373 2.0 20
Unnecessary Biasing 14 7373 0.2 2.
Phantom Intruder Alarms* 10 11,213 0.1 *wx

%6 Alarms were displayed in the unrestricted interrogation mode (A test mode not
used in normal operation) and 4 were isolated, single round occurrences which did

not result in a display.

**The phantom false alamm rate in the normal interrogation mode was zero.
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in 1 year of flying (estimated to be 1000 hours for a full time pilot)
lie will build up confidence in the system. If on the other hand he

gets several false commands in 1 day of flying, he will reject or ignore
the system outputs. In a crowded terminal area, where the controllers
are working at full capacity, false commands to the pilots which cause
deviations from the flight path prescribed by the ground are disruptive
and could be dangerous. For these reasons, NAVAIRDEVCEN believes that
false alarms should be confined to a rate in the range of 1 to 10 per
10,000 hours in the 1982 Los Angeles basin traffic model.

" On this basis, it is seen from the test results, that the false
alarm rate of the AVOID I delivered for evaluation was unacceptable.
After a month and a half of laboratory testing of the AVOID I ZAS,
NAVAIRDEVCEN considered the false alarm rate unsatisfactory an¢ initi-
ated a serles of technic ' interchanges with Honeywell concerning the
reduction of false alarms. During the flight test program several
changes were made which alleviated somewhat the alarm alteration due 3
to scaling factors but fell short of being satisfactory. In so far as
false alarms due to fruit were concerned, the changes required were
not feasible since they would have required a major redesign.

i

:-E At about this time, NAVAIRDEVCEN was preparing an RFQ for the
AVOID II CAS for low performance aircraft. Integral with the contract
' was a NAVAIRDEVCEN Requirements Document (appendix B) which delineated

the performance criteria which had to be met. Incorrect alarms due to i
faulty translation of the digitized altimeter outputs on either the ;
interrogating or transponding end of the data links werxe specified at .

H a zero rate. False alarms due to fruit equivalent to the FAA 1982 :
g Los Angeles Basin Traffic Model were specified as follows: TAU 2 less .
than one per 1000 hours, TAU 1 less than one per 10,000 hours.

To meet these requirements the AVOID II and future AVOID I designs
incorporate many changes: 3

1. Modes 1, 2 and 3 all incorporate the same fruit suppression
logic.

' 2. TAU tracks are correlated on eight sets of interrogations
instead of seven.

3, Branch altitude responses are correlated on five sets of inter-
rogations per round rather than two sets (actually since two consecutive
rounds are required to satisfy the display logic, correlation must take
place in the branch altitude band 10 times as opposed to twice in modes
2 and 3 of the AVOID I CAS (version 1) which was evaluated,

4. The display logic only outputs a threat, if a TAU track persists
in two successive rounds, correlated in range from the 8th set of the
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first round to the lst set of the second round. The AVOID I (version 1)
utilized an any two of three round logic with no range correlation for 1
mode 1 and no round-to-round logic or range correlation in modes 2 and 3. ;

5. The altitude scaling factor is 2 nanoseconds per foot instead of
the 1 nanosecond per foot in the AVOID I (version 1) to preclude trans-
3 lrtion errors of the altimeter digitized output at the interrogating and
responding ends of the data link.

To further enhance the system fruit suppression capabilities, and
provide inherent growth capabilities to supersonic closing rates and/or
greater power budget margins, range rate correlation should be incor-
porated into the two consecutive round display logic.

In order to increase the fruit margin even further, consideration
should be given to changing the interrogatios 500, 600 nsec guadruplet
to a 500, 700 nsec: 600, 800 nsec sextuplet as shown in figure vIII-2,
This would essentially eliminate the possibility of fruit pulses com-
: bining with the first pulse of the first pulse pair or the first pulse Y
of the second pulse pair to form a faulty interrogation code which
could result in a conditional alarm alteration or lost alarm.

i
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CHAPTER IX

SUMMAR) 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.

T:.e required communication range was exceeded for all en-
counter angles at the speeds flown, and for all extrapo - =4
1200 knot range rates above 10,000 feet for all of the 1 )
involving the NC 117 vs. either the RA-3B or P-3. The sa: re-
sults wer 2 achieved for all of the flights involving the RA--3B
above the P~2., For the flights involving the P-3 above the RA-3B,
the communication ranges were marginal when extrapolated to a
1200 knot range rite, above 10,000 feet, at encounter angles of
=120 and 180 degrees.

The round and display reliability were both satisfactory
from the communication point of view as shown in the chart below:

TAU 1
BEFORE TAU 2 TAU 1 AND
RELIABILITY | TAU 2 | (ADVISORIES) | (COMMANDS) | TAU 2 | ALL
Round* 0.953 0.958 0.978 | 0.963| 0.959
Pilot - 0.977 0.997 | 0.982| --
Display

*Time between "looks" at the same target

From the above it can be seen that the total round relia-
bility for all the communjcation reliability flights, for all
aircraft and for all types of rounds was 95.9 percent, based
on 11,213 three-second round opportunities. By round type, the
reliability was 95.3 percent before the TAU 2 threshold was
reached, 95.8 percent for TAU 2, 97.8 perce t for TAU 1 and
96.3 percent for combined TAU 1 and TAU 2 rounds.
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The total display reliability for all communication relia-
bility flights, for all aircraft and for all TAU 1 and TAU 2
displays was 98,2% based on 7373 three-second display oppor-
tunities. By display type, the reliability was 97.7 percent for
TAU 2 and 99.7 percent for TAU 1. The approximate 1.9 percent
improvement in combined TAU 1 and TAU 2 display reliability,
compared to the combined TAU 1 and TAU 2 round reliability was
due to the use of a 2 out of 3 display acquisition and retention
logic for threats within +1300 feet of altitude. These relia-
bility results were obtained with up to 9 db of additional
external attenuation in the RF link, and fruit above threshold
ranging up to 64,000 replies and 1536 interrogation quads per
second in each aircraft. The round and display reliability
numbers given reflect the effect of lost rounds and displays
only. If altered alarms due to fruit and altitude scale factors
are included the reduction in display reliability is approximately
2%, Phantom trac“s (a track where no real threat existed) con-
stituted approximately 0.l% of the rounds during flight,

The air-to-air data link, used to determine the altitude
threat band of an intruder, had an error rate which was the
principal source of false alarms. In flight, the criticality
of the altitude scale factor accounted for most of the altered
alarms. Extensive laboratory tests established the phantom and
altered alarm rater exclusive of the altitude scale factor, under
controlled conditions which were impractical during flight. At
predicted fruit rates the altitude correlation logic was insuf-
ficient to preclude the alteration of an alarm. This was a con-
ditional type of false alarm dependent on the existence of a real
target threat. A serious false alarm of this type was the altera-
tion of a "limit vertical speed to 1000 fpm" advisory to a "level
off" command. This occurred at a rate of three times per hour
at altitude rates greater than 500 fpm with an intruder at an
altitude differential of 2000 feet, Each time it persisted
for 13 seconds (two rounds) with fruit at 64 K/1536. (The first
number, in the fruit notation, is the fruit replies per second
and the second number is the interrogation quads received per
second.)

There was a second category of false alarms not conditional
upon the presence of a threat. These were caused by the forma-
tion of phantom intruders from = .gh density fruit. They occurred
in the wide range bins near the maximum range of the equipment
at supersonic closing rates,
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The overall displayed false alarm rates at varying fruit
rates are tabulated below:

LEVEL FLIGHT

500£fpm<CLIMB OR DIVE<1000fpm

TAU 1 ALARM TAU 2 TAU 2 ALARM TAU 2
ALTERATIONS PHANTOM ALTERATIONS PHANTOM
FRUIT (CONDITIONAL) | INTRUDERS| (CONDITIONAL) | INTRUDERS
RATE PER HOUR PER HOUR PER HOUR PER HOUR
32K/1536%* 0 0 2 0
64K/1536%* 0 1 12 11
96K/2550 2 7 - -

* Predicted fruit rate in accordance with computer simu-

lation of 1982 Los Angeles Basin Traffic Model (Appendix
A).

** Recommended fruit rate in Appendix A (approximately

twice the predicted fruit rate).

The range and range rate accurccies (Theodolite reference)

were:
RANGE RANGE RATE
MEAN SIGMA MEAN SIGMA
GROUP % OF RANGE FEET KNOTS KNOTS
All Data +2.5 154 +10 11
Data Without Fruit +2.7 132 + 9 1n
Data With Fruit* +2.1 197 +13 13

*Predicted fruit rate in Appendix A.
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Tha errors with fruit were small and provided warning times
in close agreement with ANTC-117.

. The warning time mean and standard deviations expressed as
v i N percentages of the TAU TWO and TAU ONE thresholds (Theodolite
A reference) were:

s A

TAU ONE TAU TWO
U= +0.4% u = +0.5% i
3
o= 4.1% o= 4.,1%
g
N = 47 N = 48 5
H
]
::

: From the above it can be seen that the TAU TWO warnings
¢ provided by the AVOID were on the average 0.5% earlier than the i
threshold with a standard deviation of 4.1% from threshold., The .
TAU ONE warnings were on the average 0.4% earlier than the thresh-
old with a standard deviation of 4.1% from threshold.

[

At the Dover, Delaware, VORTAC site, the warning time history
of 356 TAU TWO in-flight alarms and 312 TAU ONE in-flight alarms
were compiled. For closing rates greater than 100 knots, at a
90% confidence level, 94.1% of the TAU TWO alarms occurred with- {

' in 3.4 seconds of an upper and lower boundary of 18.2% of
threshold and 94,2% of the TAU ONE alarms occurred within 1.6
seconds of an upper and lower boundary of +8.2% of threshold. ;
The round time for all TAU ONE and TAU TWO co-altitude commands, :
predicted co-altitude commands and non~co-altitude advisories
within a 21300 feet altitude differential was a fixed 3.2 * 0.2
seconds., Predicted co-a'titude commands and non-co-altitude .
advisories at altitude differentials greater than 21300 feet had [
a fixed 6.5 $0.2 second round time.

During the flight test program, analysis of the in-flight
data revealed the formation of phantom targets below own aircraft
due to multipath. This effect was corrected by providing an i
altitude interrogation response guard gate ahead of the altitude
acceptance gate to inhibit the acceptance gate upon receipt of a
multipath interrogation,
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CUSTOMER ENGINEERING LETTER

Mr. James L. Hinds

Command and Countrol Division
Naval Air Development Center
Department of the Navy
Warminster, Pa. 18974

Subject: AVOID-1 INTERROGATION AND FRUIT RATES

SUMMARY

Honeywell Inc. has conducted a study to determine the interrogation and fruit rates
expeced in the L.A, Basin in 1982,

The baseline aipr traffic model used was Snapshot 1 as given in the Mitre Corw
poration Report!. Snapshot 1 contains 743 aircraft. Calculations normalized
to 800 aircraft are also included.

The basic analytic approach was to treat each aircraft in the model on an in-
dividual basis, The computer was used extensively due to the large number of
calculations involved.

All IFR afrcraft were assumed to be equipped with the AVOID~1 CAS (ANTG-117
threat criteria)

VFR aircraft were_assumed to be equipped with the AVOLD=I1 CAS that is to be
delivered to NADC®, The AVOID-II is designed for General Aviation aircraft that
operate under 10,000 feet.

The resulting mix of CAS equipment is approximately 15 percent AVOID-I and 85
percent AVOID=-11.

The expected fruit rates over the LA terminal and at a point 415 miles cast and
10 miles south of the terminal were calucalted. The latter position is at the
approximate center of the most dense air traffic.

Average interrogation rates (transmitted and received) for the AVOLD-! and
AVOLD-11 were also calculated.

As a result of the study, Honeywell recommeuds the followimg traflic simulator
sottings when conducting traffic handling tests on the AVOLD-T €AS. These settings
significantly exceed the predicted [ruit and interropation rates.

EEUIT RATE INTERROGATTON RATE

64,000 1536 (20% requiring responses)

statisticsl Summary of the 1982 Los Angeles Basin Standard Traffic Model',
April 1973, MTR-6387.

2 RFP N62269-74-R-0674,

/Cont'd...

HC:290 REV. 2/73
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The estimated fruit rate (See Section D) for an AVOID-I with loop sensitivity
{ of 129dB is 36,732 pulses per second when the AVOID-1 is operating in the §
; most dense air traffic in the LA Basin model. ;

: The estimated received interrogation rate is 1261 interrogations received per
second under the same conditions.

A, INTRODUCTION

N if the interrogation and response rates of all aircraft within comm-
unication range are known. The following figure identifies the parameters

i
The average fruilt rate received by an AVOID receiver can be estimated g
:
that must be determined. X

INTERROGATION
RESPONSES AND RATE e 1rm
/ INTERROGATIONS No. IFR ;
2 No. VFR ‘:
r o AVOID-1 K
Lol RECEIVER i
£ No. IFR -
i No. VFR - ;
g No. VFR 4
=
, The AVOID-I receiver under question receives responses and interrogations
from a given number of IFR and VFR aircraft (AVOID-I and AVOLD-II). The
number of fruit pulses transmitted by each aircraft is determined by the
number of interrogations each receives. This is stated in equation form ;
below: i
AVOID-1 FRUIT EQUATION %
! (NO. AVOID-1 RESPONDERS)(AVERAGE NO. AVOID-1 INTERROGATORS) Ry }
: = i
; +(NO., AVOID-1 RESPONDERS)(AVERAGE NO. AVOID-11 INTERROGATORS3) Rj
{ - z
+(NO, AVOID-II RESPONDERS)(AVERACE NO. AVOID-I INTERROGATORS) Ry
£l
+(NO, AVOID=-11 RESPONDERS)(AVERAGE NO. AVOID-11 INTERROGATORS) R2
g ;
+(NO. AVOID-1)4R; + (NO. AVOID-11)4R, 3
3 ;
' A-3 /Cont'des. i
H
i
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The last two terms in the equation account for interrogations received
during the "listening period" by the receiver for which fruit is
being calculated.

The Ry and Ry terms are the average interrogation rates of the AVOID-1I
and AVOID~11 respectively. The interrogation rates are divided by 5
because the AVOID CAS responds to approximately 1/5 of the interrogations
received.

B. AVERAGE TRANSMITTED INTERROGATION RATES

- The interrogation rate dependson the interrogation decision logic and
g threat status. A computer program was written to determine the threat
status of each aircraft in Snapshot 1.

The programmed threat criteria for all air carriers was identical to
ANTC~117 requirements., The threat criteria,altitude bands and
interrogation schedule for all General Aviation air.raft (VFR) is
given below:

A2
3 ? +1300
Al
: RANG 280
: RATE e °
i {1/s) .-
0 ezl ~1300
- RANGE —=
80 000 1.
: THRRAT CRITERIA INTERROGATION ALTITUDE BANDS
1
o 5 10 5 2,0 2,5 3.0
A2 1 ]
s - || = | 1 >< W ——l >——~<'i ]
BI ||——~——i-||—————> l|————0-|||<:::::‘“|~——-— "l'——~—a-|"
B2 i ]
INTERRQGATION SCHEDULE
/Cont'das,
i A-4
EA.A___._‘__..

[
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The interrogation rate for each air carrier was determined by corr-
elating the threat status and interrogation decision logi. as given
in Figures 5 and 6 of the AVOID-1 OPERATING INSTRUCTIONS (reproduced
in this document for easy reference) hand-book. The interrogation
decision logic applied assumed that the air carrier was not violating
the displayed advisory. For example, if a limit climb to less than
500fpm advisory was displayed the I(+13) and I(+25) interrogations
were not counted. The results for all air carriers in snapshot 1l are
summarized below:

AVOID-I
NO, A/C TOTAL INTERROGATIONS (6.4 sec)
A/C WITH NO THREATS 14 396
A/C WITH ONE OR MORE
THREATS 16 1644
TOTAL 30 2040

AVERAGE INTERROGATION RATE = 2040
PER SECONMD 30(6.4) = 10.6

This interrogation rate was assumed for all IFR aircraft in subsequent
calculations.

A similar correlation of threat status and interrogation decision logic
for the 689 GA aircraft was completed. The results are tabulated below:

AVO1D-11
THREAT IN Al THREAT IN BOTH A/C WITH
OR Bl BAND ONLY Al AND Bl BANDS NO THREATS
NO. INTERROGATIONS
IN 3.2 SECONDS 36 48 12
NO. AIRCRAFT 137 146 406

TOTAL NO. OF [NTERROGATIONS = 16812

AVERAGE NO, OF INTERROGATIONS = 16812 = 7.9
(689)(3.2)

The same analysis of all GA aircraft within a 10 mile radius of the
LA termiral resulted in a calculated average interrogation rate of
8.3 interrvcations per second. The 8.3 number was used in subscquent
calculations,

AVERAGE COMMUNICATLON RANGES

The baseline AVOIL power and sensitivity are summarized beluw:
AVOID POWER BUDCET SUMMARY (BASELINE DESIGN)

POWER_TRANSMITTED(EACH ANT.) RECEIVER SENSITIVITY

AVO1D-1 58dBm ~71dBm
AVOID-11 55dBm - 68dBm

A~5
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The power budget was chosen to obtain near equal gain margins for all
5 communication links.,* The baseline communication link parameters are
i listed below:

; REQULIRED  PATH LOOP GAIN AVG. COMM,

g XMITTER RECEIVER  RANGE(FT) LOSS(dB) SENSITIVITY(dB)  MARGIN(dB) RANGE (mi)
AVOID-1 AVOID-1 52,400 121 129 8.0 17
AVOID-I AVOID-11 43,500 119.5 126 6.5 12
AVOID-IT AVOLID-1 43,500 119.5 126 6.5 12
AVOID-IT AVOID-II 25,600 115.0 123 8.0 8.4

By increasing the transmitted power of cach AVOID transmitter (each antenna)
| by 2dB the average communication range increases to the values given in
the following table:
COMMUNICATION LINK PARAMETERS (+2dB)

REQUIRED  PATH LooPp GAIN AVG. COMM.
XMITTER RECEIVER RANGE(FT) LOSS(dB) SENSTTIVITY(dB) MARGIN(dB) RANGE_(mi)
AVO1D=-1 AVOID-I 52,000 121 131 10.0 2l.4
AVOID-I AVOID-II 43,500 119.5 128 8.5 15.1
! AVOLID-I1 AVOID=-I 43,500 119.5 128 8.5 15.1
: AVOID~II AVOID-11 25,600 115.0 125 10.0 10.6

The IDA3 report estimated that the average communication range between

two AVOID-T systems with 129dBm loop sensitivity to be 17mmi when using
the antenna patterns of a Boeing 737 which has a [orward gain of 3dB.

The same roport estimated that communication range between two AVOID-I1
systems with 126dB loop sensitivity and omnidirectional antenna patterns
to be 12nmi. Since the baseline AVOID-11 loop sensitivity is 123dBm

t (required range was reduced to 25,600 ft), the average communication range
; between two AVOID-II systems is 8.4nmi.

The AVOID-1 to AVOID-17 communication range was cstimated by Honeywell
to be 12nmi (loop sensitivity of 126dB). This assumes omnidirectional
antenna patterns on both aircraft.

D. AVERAGE FRUIT AND INTERROGATIONS RECEIVED

A computer program was written to determine the number of afrcraft
(snapshot 1) in communication given the communication ranges listed in
Section C. The program was modified twice as shown below:

CENTER COMM.  RANCE
LA TERMINAL BASELINE

15 MI EAST, 10 MI SOQUTH BASELINE
15 M1 EAST, 10 ML SOUTH +2dB Lo LOOP SEN.

The number of aircraft in communication is summarized in the following
charts.

! "A review and analysis of the Honeywell Collision Avoidance System', IDA
study $-424 Oct. 1973,

The AVOID-I flight test models have the same loop sensitivity (transmitted
power = 55dBm, Receiver sensitivity = «74dBm)

A-6
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NUMBER OF AIRCRAFT IN COMMUNICATION

‘‘‘‘‘‘ 17Mi ———— 23(|FR)
B ZS(IFR)A——C "
/ 12 mi —————T73(VFR)
CENTER
12 mi —————16.7 {IFR)
12 mi 67{VFR) /—
\—-B.4ml ——————39{VFR)
-AVOID-11 AT LA TERMINAL_ /__ 7 mi 25IFRI
12 mi IT{IFR)
2 \—lz mi ————— 76 (VFR)
CENTER 4—~(
: 12mi ———— I7(IFR)
\-—-8.4 mi——— 4L(VFR) /—
l&dml — 37.6(\FR)
A-7
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Page

: ’ AVOID-1 AT 15 MI EAST, 10 MI SOUTH

3 17mi 24(IFR) F
- 17mi 25(1Fn) -~ o
: 3
- —— 120} ————— 9I{VFR) 3

CENTER
SELINE

BA
GAIN MARGIN 12 mi ———— (3 (IFR}

12mi 120 (VFR) /_‘ ' :

d 8.4 mi ————55(VFR)
: g
£ :
i
- 21.4mi ———— 33(IFR) :
21.4 mi 42(IFR) \
~—18.1 m{ ————125(VFR)
CENTER -t—r
+2db 5
. INCREASE [N 16.1 mi ———— 20(IFR) .
: GAIN MARGIN
18.] mi ~——————— 164 (VFR)
10.6 mi ~————78(VFR) ;
!

|
ke - i



Page EM\RC-HOSS-GO ‘
| i
AVOID-I1 AT 15 MI EAST, 10 MI SOUTH
/——'ITmi ———— 25(IFR) k
12mi 12(IFR) F
\——12 mi = |02(VFR)
CENTER
BASELIN
: GAIN MAEGIN 12mi ————— 12 {IFR)
] 8.4 m} ———————— 55{VFR)
8.4 mi ——— 59 (VFR) 3
' 4
‘ 4
i
; ’
|
' 2i.4 mj ———— 36 (IFR) .
[N
18,1 mi —————— 20(IFR) —<: E
16.1 mi ~———— 144 (VFR) X
' CENTER
+
IN%%EASE M S 15.) ml ————— 19 (IFR)
GAIN MARZ..Z: ‘
fBme—— - 9y R} — ]
v 10.6 mi ————— 85(VFR) ‘
|
b
?’

b
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SAMPLE CALCULATION OF AVOID-1 FRUIT AND INTERROGATION RATE

{RESPONSES RECEIVED (15 MILES EAST, 10 MILES SOUTH)]
% [25¢24)(10.6) + 25 (91)(8.3) + 120 (13)(10.6) + 120 (55)(8.3)]
Responses Received = 19,311
INTERROGATIONS RECEIVED
25 (10.6) + 120 (8.3) = 1261
TOTAL FRUIT RECEIVED
(19,311 + &(1261)] 1.3 = 31,666 Fruit Pulses/Sec.

The interrogations received are multiplied by & because each interrogation
contains 4 pulses. The 1.3 factor accounts for an average multipath reception
rate of 30 percent. The 1/5 factor is included because only approximately 1/5
of the interrogations received require a reply.

The following table summarizes the results of the study., The last column is
normalized to 800 aircraft. The interrogation rate calculated from air carriers
was used for all IFR aircraft.

The average communication range of the baseline system {s considered adequate
for operation below 10,000 feet. For flight tests Traffic Simulator settings

of 64,000 rruit pulses per second and 1536 interrogations per second with 20
percent requiring responses will provide sufficient excess fruit and transponder
blockage to provide confidence in the test results.

The increased loop sensitivity of AVOID-1's operating above 10,000 feet

(+4dv transmitter power) from each antenna was not included in the calculation
of number of aircr ft in communication. These aircraft will require very

tew responses that contribute to fruit.

C P Lremar LT
C.P. Harman L. Jordan .
Project Engincer Principal Development Engincer
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NADC-75056=-60 1
APPENDIX B

NAVAL AIR DEVELOPMENT CENTER
WARMINSTER, PENNSYLVANIA 18974

6071 1
18 Jun 1974 !

NAVAIRDEVCEN REQUIREMENTS
FOR AVOID II COLLISION
AVOIDANCE EQUIPMENT

SECTION 1.0 References
SECTION 2.0 AVOID II Specification
SECTION 3.0 Deliverables

F NOTE: IF THERE IS ANY CONFLICT BETWEEN ANY PART OF THIS DOCUMENT
k AND REFERENCE 1.1 UNDER SECTION 1.0 OF THIS DOCUMENT, THIS
DOCUMENT SHALL GOVERN.
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SECTION 1.0
REFERENCES

Honeywell Proposal E7417-RD of 31 May 1974 consisting of:

(1) Technical Description AVOID II, E7417-RD of 31 May 1974

(2) Letter 1PLC4-05-041 of 31 May 1974 - Price, Terms and
Conditions

(3) Contract Pricing Proposal DD-633-4 of 31 May 1974

NAVAIRDEVCEN RFP N62269-74-R-0674 of 18 April 1974

MIL-STD-810B - Environmental Test Msthods

NAVAIRDEVCEN Contract N62269-73-C-0487 of 22 January 1973

with Honeywell for delivery of AVOID I full collision
avoidance systems with ancillary equipment.
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SECTION 2.0
AVOID II SPECIFICATION

General: All of the following specifications are in additiom
to those contained in reference 1.1,

Power Output: > 54 dBm

Receiver Sensitivity: < -68 dBm for .99 probability of
receiving correct altitude boundary, rang. and range rate
with 1000 intarrogations per second (20X of which are at the
altitude setting of the AVOID II and traffic simulator) and
32,000 responses per second injected at the front end at a
level of -64 dBm. The 1000 (20/32,000/~64 dBm combination
will be referred to throughout this specification as SFL
(Standard Fruit Level) and represents a level in excess of
worst case conditions in the MITRE 1982 traffic model as
established by Honeywell simulations. *This allows for
missed alarms not false alarms (see paragraph 2.8).

Dynamic Range: The parformance of paragraph 2.3 ghall be
met over a dynamic range of 46 dB from ~68 dBm to ~22 dBm.

Accuracy: The following accuracies shall be obtained with
SFL injected with an AVOID II connected to the traffic
simulator at target signal levels of 8 dBm snd -22 dBm
;nd \;uh an AVOID II connected to an AVOID II at the samne
evels.

Altitude Boundaries: When the difference betveen the digi-
tized outputs of own altimeter and intruder altimeter (D)
are aqual to or less than the appropriate boundary, the
TiLS (threat level status) shell so indicate, e.g., 1f D 19
between O and 600 feet inclusive, TLS will ba co-altitude:
if D is between 700 feet and 1300 feet inclusive, TLS will
be %L;.SOO feet: 1f D is 1400 feet or more, there will be
no .

Range: Mean < 300 feet
Standard Deviation < 300 feet
Range Rate: Mean < 10 knots

Standard Deviation < 30 knots
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2.6 Alarm Display Consistency: For ell range rates from -48
knots to +550 knots with SFL injected and over the dynamic
range of paragraph 2.4, once the TAU 2 threshold has been
crossed (assuming the commands are not obeyed) tha correct
TAU 2 and TAU 1 alarms will be displayed with a probability
of .99% updated evary 4 seconds from the range corresponding
to the initial TAU 2 threshold crossing to 0.42 nautical
mile opening. Accuracies to be consistent with paragraph
2,5, *This allows for missed alarms not falss alarms
(see paragraph 2.8).

sacuag

. 2.7 Update Tims: Cycle tims to completely process all targets
2 within +1300 feet of own altitude and update the CAS display:
] < 4 seconds,

2.8 False Alarms: A displayed alarm will be considered false if
; it is extraneous or incorrect (other than a missed alarm).
s Extraneous alarms are those not associated, in range, with
- real targets but are the result of additional threatening j
¢ tracks being formad by the interaction of fruit, threatening

and non-threatening targets. Incorrect alarms are those %
: associasted in range with real targets being tracked in which ]
: the vrong alarm (a missed alarm is not considered wrong in
the set of definitions used in this document) is displayed. X
Missed alorms are those associated in range with real targets
being tracked in which no alarm 1@ displayed even though the
situation demands it (consistent with paragraph 2.5). Poor
signal strength, or transponder blockage in the interrogate

f or rasponse modes which inhibits replying to an interrogation,
- are the causes for missed alarms.

2.8.1 False Alarm Rate with SFL Only:

TAU 2 and advisaries - < 10 alarms in 10,000 hours !
TAU 1 - < 1 alarm in 10,000 hours ;

2,8.2 False Alarm Rate with SFL and Non-Threatening Targets (early
or late alarms dus to errors vithin the limits of paragraph
2.5 are not considered false alarms):

TAU 2 and advisaries - < 10 alarms per 10,000 hours i
TAU 1 - < 1 alarm per 10,000 hours !

2,8.3 False Alarm Rate with SFL and Threatening Targets (early or ‘
lats alarms due to errors within the limits of paragraph 2.5
are not considered false alarms):

TAU 2 and advisaries - < 10 alarms per 10,000 hours
TAU 1 - < 1 alarm per 10,000 hours
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Vibration: Reference 1.3, curve B (2g), figure 514.1 two 15
minute cyclic scans of the frequency amplitude curve. Direc-
tion of the vibration through the vertical axis of the device-
device mounted on CFF rack with isolators. Devices shall
opsrate properly during and after vibratiom.

Temperature: 10°F to +135°F - Within 5 minutes after applica-
tion of power devices shall operste without degradation over
this ambient temperature range. For cooling, the device will
drav air through openings in the rear scross the IC boards,
power supply and receiver/transmitter and exhaust through the
front of the device.

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

Size and Weight: < 38 SHORT ATR
< 15 pounds

Digital Outpute Connactor: Digital outputs connector which
interfaces with the DDI (Digital Display Interface) deliversd
under ceference 1,46 shall be the same type of connector
(indexing can differ) utilired on the DDI,

Co-Range Targets: Under all tha conditions of paragraphs
2.3, 2.4 end 2.5, two targets which are separated by 350 feet
or greater in range shall be correctly tracked and processed
by the threat logic regardless of the altitude separation
between the targets.

Remitter Mode: Device shall be capable of this mode by msans
of a one- or two-wire change on one of the PC boards.

CAS Display Compatibility: Two connectors shall be provided
on the AVOID II: one will drive the existing CAS/VSI, display,
the other will drive the new AVOID II CAS display with cange
marker iighte.

s
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SECTION 3.0
DELIVERABLES

General: All of the following deliverables (except in cases
vhers items are repeated) are in addition to those contained
in references 1.1 and 1.2, In the case of the data items,
the additional requirements of this section shall be combined
with those in reference 1.2,

Following equipments delivered under reference 1./ shall be
modified by Honeywall to ba completely compatible with the
new AVOID II equipment:

UANTITY DESCRIPTION
k} AVOID I DDI (Digital Display
and Interface)
3 AVOID I TS (Traffic Simulator)
3 AVOID I CAS (Collision Avoidance
Systems)

DDI Modifications

Dual Mode: AVOID I or AVOID II mode accomplished automatically
when either CAS is connected to the DDI,

Three Aircraft Encounter Logic Dusl Mode: By means of a front
panel switch, the modes shall be as fnllows:

Position No. 1 - Existing logic in which only one intruder per
altitude threat band is displayed and recorded up to a maximum
of two.

Position No. 2 - Modified logic in which the first two intruders
whether they are in the same altitude threat band or in separate
altitude threat bands ars recorded. Intruder No. 1 or No. 2
will be displayed depending on the intrudar selector switch
position.

Simulated Target Altitude: DDI shall be modified to record on
tape the altitudes set into the traffic simulator for each of
two target sets. The algorithm to convert switch positions to
altitude separati.v shall be furnished.

Synchronous Reply Count: Synchronous reply count- receivad by

the AVOID CAS from the TS ghall be recorded. A mode switch
shall permit display of fruit replise or synchronous replies.

B-6
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T8 (Traffic Simulator) Modifications

Target Altitude Control: Rach of two target sets will be
provided with separate altitude band and bias switches.

Target Altitude Digital Outputs: TS shall be modified to
provide digital altitude outputs for two target altitudes
to ensble them to be recorded on tape via the DDI.

Variable Range Control: Variatle vernier rangs controls
shall be provided for each of two target sets wvhich will
pernit at any coarse range setting, an additional 0 to
500 feet (50 feet stops) to be set in.

Range Rate Extension: TS shall provide above 10,000-foot
altitude a range rate output of 2000 fps + 5%, -0%, in
iteu of the 1600 fps satting.

Separate Level Controls: Traffic simulators shall be

modified so that sach of the output levels of fruit replies,
randem interrogations and target replies can ba independently
controlled in steps of 0, 6, or 12 d8. In addition, target

replies will be brought out on separate jacks for use with
external attenuators.

Interrogations Received: Shall be modified to reflect the
following output settings.

EXISTING TO BE MODIFIED
PPS TO THIS PPS
1536 2000

768 1000
384 300
192 250
96 125
48 63
24 i
12 15
6 7
0

B-7
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Moving Targets Automatic Reset: In the moving targets mode,

a target will be set in motion by placing the hold switch

in the off pusition and purhing the reset button. The targets
will then continue to the end of their range at which time the
TS will automatically reset and start the targets moving
again. The cycle will ba rapeated as long as the hold wwitch
is in the off position; the cycle will cease when the hold
switch 1s placed in the hold position. The TS shall inhibit
the DDI from the time the targets have reached the end of
their range until the time reset has seen completed, the
targets begin to move again and the TS is sending valid re-
plies to the AVOID CAS. On inward bound targets, when the
first target of the set has reached zero range, resat shall
be initiated. On outward bound targets, when the last target
of the set has reached maximum range, reset shall be initiated.

Random Synchronous Reply Mode: The purpose of this modifica-
tion is to inject random replies (simulating targets) into
the front end of tha AVOID receiver during the AVOID listen-
ing period following an interrogation. In this mode, when
the TS receives the first pulse pair (500 ns separation)

of an interrogation it will, after appropriate delay, inject
random pulses into the AVOID receiver during its listening
period to cause bin densities in accordance with figure 3.4.8,

The number of random synchronous replies shall be selectable
by a front panel switch (SW1): Position No. 1 - off;
positions No. 2 through 8 corresponding to curves No. 2
through 8, respectively (figure 3.4.8). A second switch (SW2)
shall be provided which in the No. 1 position will inject a
different random set of pulses into the veceiver after each
interrogation. In the No. 2 position, it will provide a
random set of pulses whose intarpulse relutionships shall
remain constant from the beginning of a 4-second sequence

(3 seconds for AVOID I) to the end of the second such se-
quence: the random set of pulses will change then each
8-second period (6 seconds for AVOID I). A sepavate level
control shall be provided which will permit 0, 6, or 12 dB
above the main attenuator setting on the TS. The listening
period length shall be set to the correct value, automatically,
as a function of altitude and CAS type: e.g., AVOID I or
AVOID II. 1In rositions No. 1 and 2 of SW2, the pattern of any
random pulse set shall not be repeated in less than 10 hours
of operation. Note: These synchronous random replies are in
addition to the asynchronous random veplies presently injected
into the receiver over the entire sequence interval,

IO U
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Electrical Interconuscting Cables
AVOID II -~ Five complete sets.

DDI to TS for modification described in 3.3.3 and 3.4.2 - Six
complete sets.

AVOIT 1II CAS Cockpit Indicators
Quantity: Three

AVOID II Rack and Shock Mount
Quantity: Three

Data Items: Reference 1.4 applies to AO01l through AOO8 fnclu-
sive, except as modified herein.

AOO1 - Engineering drawings and associated data including
electrical and mounting interface sketches for use during
equipment installation and a complete set of schematics,
logic diagrams and timing diagrams.

A002 - Operatinz instructions shall include a compiete,
detailed, accurate and thorough theory of operation, ccm-
plete with timing and log:c diagrmas, pertinent mathematical
aquations, tables and chirts together with associated des-
criptive material. All jages ghall be legible and clearly
reproduced,

A003 - Fraquency Allocation Nata (DD Form 1494).

A004 - Spectrum Signature Data - MIL-D-18300.

AOO5 - Equipment test procedures shall include all specifica-
tion items in sections 2.0 and 3.0 of this document together
with other tests to insure the operational integrity of the
equipment to perform the collision avoidance function.

A006 - Progress Reports - Shall be furnished bi-monthly instead
of monthly as stated in referance 1.2,

A007 - Final Report.

AOO8 - Spectrum Signature Teat Plan (MIL-D-18300).
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AO09 - Cost Estimate Data: Selling cost estimates of the
AVOID II in quantities of 500, 1000, 3000, 10,000 and 25,000
(the latter threes quantities being figured over a five-year
production period) shall be furnished. Cost shall include
the display but not the cost of an altimeter and altimeter
encoder. Estimates should be based on a parts count

exactly the way the units are built in one column together
with a second colum showing LSI units and othar subassemblies
which would replace those items in the first column on a
function to function basis. LSI technology as of the date
of the estimate shall be the reference. Specify what method
of distribution of the product is contemplated together with
the mark-up above the factory selling price.

i S
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APPENDIX C

Honeywell Customer Engineering Letter
NADC=74=2 of October 4, 1974
Post Shipment Modifications of the AVOID I
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E NADC-75056-60
; ] GOVERNMENT & AERONAUTICAL C.E.L. NO. NADC-74-2
' PRODUCTS DIVISION
MINNEAPOLIS OPERATIONS DATE October 4, 1974

PAGE 1 OF 3

CUSTOMER ENGINEERING LETTER

U.S. Naval Air Development Center
Johnsville
Warminster, Pennsylvania 18974

Subject: POST SHIPMENT MODIFICATIONS OF THE AVOID-1

SUMMARY

Four (4) modifications to the AVOID-I CAS have been made since delivery of
the systems., The modifications and purpose for the modifications are:

The Tau filter altitude correlation was changed to the '"expanded mode"
for all altitudes. The original system uged the expanded mode only

for c¢ltitudes of 9,600 feet or above. This change was incorporated to

3 insure that altitude correlation was obtained between the 600 and 1300
P foot altitude bands for all allowable range rates. Prior to this change
targets with a range rate of 800 feet/sec in the P5 or M5 bands could
generate an incorrect coaltitude command.

The pulse pair codes were changed from 400 and 500 nanoseconds to 500

and 600 nanoseconds for pulse pair 1 and pulse pair 2 respectively. It

was determined that for alrcraft in close proximity IF saturation stretched
pulse pair 1 to single pulse. The single pulse was not being decoded

as pulse pair 1 and therefore no response was madc. By changing the pulse
codes to 500 and 600 nanoseconds all pulse pairs :re decoded over a

greater received signal level allowing proper system operation for two air-
craft in close proximity.

An inhibit circuit was inserted in the video 1 and video 2 lines on card
A6 such that only the first video signal received was gated to the
remaining circuits. It was determined that,at sijnal strengths greater
than 30db above the IF threshold, cross talk in the IF gave out=-
puts on both channels with the opposite channel signal delayed from

the direct signal resulting in two pulse pairs be.ng received in place of
the single pulse pair transmitted. A delayed piulse pair 2 when being
compared with the direct pulse pair 1 resulted in false altitude decoding.
By inhibiting the delayed signals the correct altitude is decoded.

An altitude acceptance gate inhibit circuit was incorporated such that

: if a pulse pair 2 is received in the 5 microsecond period prior to the
altitude acceptance gate the altitude acceptance gate is inhibited., The
inhibit was incorporated after it had been determined by flight tests

that a pulse pair 2 from multipath coupled with a direct path pulse pair

1 would generate a response for interrogations that were below the al-
titude acceptance gate. The interrogating aircraft would thus see two
intruders,the correct intruder and a multipath generated intruder which
was at a farther range and below the actual intruder. The inhibit circuit
removesthis multipath generated intruder.

] c-2
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BACKGROUND

Tau Filter Altitude Correlation - Flight and bench tests indicated that at
altitudes below 9,600 feet an intruder in the P5 and M5 bands, whenm inbound at
800 feet/sec would generate an cccasional coaltitude Tau 1 or Tau 2 command.

Bench test determined that with bin splitting, the multiple intruders could have
one intruder which did not correlate in altitude. At 9,600 feet and above

£ the wider correlation range resulted iu altitude correlation with all in-

! truders. The Tau filter altitiude correlation width was thus changed such

that the wider correlation range is used at all altitudes. The change was

made by removing the line on card A3 pin 54 and connecting this line to +12 volts.

]

Pulse Pair Codes = Flight tests had indicated that pulse pair 1 was not correctly
decoded at all times. Bench tests then determined that at strong signal levels
the IF was stretching pulses such that pulse pair 1 was merged into a single
pulse. The single pulse was not decoded as a pulse pair and the interrogated 4
davice thus did not respond. This resulted in a loss of communization when :
¥ te:o aircraft were in close proximity. To insure that at all signal levels possible
in flight, both pulse pairs are properly decoded the pulse pair spacing was

changed from 400 and 500 nanoseconds to 500 and 600 nanoseconds for pulse pair

1 and pulse pair 2 respectively. To accomplish this the pulse pair encoding

was changed by potentiometer adjustments in the transmitter module, the 500
nanosecond pulse pair decoders were connected to the pulse pair 1 outputs, and

the 400 nanosecond pulse pair decoders were recalibrated to 600 nanoseconds

and connected to the pulse pair 2 outputs. Recalibration of the 400 nanosecond
pulse pair decoders was accomplished by changing the timing resistora for

A4U63 and A4UT78. :

Video Inhibits « Flight tests indicated that at strong signal levels incorrect
altitude correlation was obtained. This was confirmed by bench test which
indicated that cross-talk in the IF was generating delayed pulses at strong

signal levels. A single interrogation would thus generate four pulse pairs,

a pulse pair 1 in the direct channel followed by a pulse pair 1 in the opposite
channel and a pulse pair 2 in the direct channel followed by a pulse pair 2 in the
opposite channel. The time between the direct channel pulse pair 1 and the
opposite channel pulse pair 2 would indicate the interrogated altitude band

was 100 feet higher than actually interrogated. To prevent this, the inhibit
circuit shown as Figure 1 was inserted in the video 1 and video 2 lines. The ]
circult operates as follows:

The output of one shot U73 pin 6 is routed directly to U2 pin 9 and by 2
inverters to U2 pin 10. This removes any narrow low voltage pulses. The
video signal is then routed to U12 pin 3 and to the toggle (pin 2) of
U10-1. 1f the D input of U10-1 (pin 2) is high pins 4 and 5 of Ul2 are
toggled high by U10-1, passing the pulse through U12 to the video 1 output.
At this time, since U10~1 pin 5 is high, U10-1 pin 6 is low blocking the
video ? output. The video output pulse from Ui0 pin 6 triggers the one-shot 3
U3-1 which clears U10-1 after a 160 nanosecond delay. This rcenables the
video 2 output.

Altitude Acceptance Gate Inhibit = Analysis of flight test data showed that due i
to multipath a single intruder could generate two commands. The¢ fncorrect
command was generated when an interrogation was made, which had a pulse pair

2 occurring just prior to the altitude acceptance gate a delayed (multipath) ;
pulse pair 2 could fall in the altitude acceptance gate and thus generate a i

c-3 ;
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response when the actual altitude interrogated would not genecrate a re-
sponse., To correct this the circuit shown in figure 2 was inserted in the
altitude gate. The circuit operates as follows:

, The D input of a Flip Flop is connected to the Channel 1 response mode {
- signal (A4 U16-5). Ihis Flip Flop is clocked high 5 microsecounds prior to the ;
; altitude acceptance gate which enables the altitude gate through the 7408 3
f AND gate. The first pulse pair 2 received after the .iip Flop is clocked

' . high then clears the Flip Flop. 1f this pulse occurs prior to the altitude
; . acceptance gate, the gate is blocked by the /4CC.

RG/pa . :
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24
28
20
2%
25
2%
2%
28
2%
2%
2%
FL
2%
2
2%
25
25
2%
2%
25
28
28
28
26
28
26
26
24
26
24
24
26
24
26
26
26
2+~
28
26
26

SEC

21.90)3
N5.oa9
58,215

1437}

4,%07

T.717
10067’
14,009
17.188%
20331
’30497
960653
29.7R9
22:9648
18,011
19,288
82,464
a5.510
08,786
81,932
55,068
®8,244

1.390

4,538

T.713
'01690
'“0036
17.212
20,348
22.524
26,670
29.816
12.992
16,172
19.318
42.494
85.630
88.8n6
81.952
55,098

e

AIRCRAPT=
FLIGHT ~O,

ENCOUNTFR NOo

e R AN NN ORANGEN VYRR aRe Ry

Ase
taunl)y

bexn90
4.8080
G,978¢
440120
4,9abp
4,9000
4.9710
4,am50
3,9990
3,013
Jonn8y
3-!020
3.7%20
3,4r70
3.4240
J,x85p
3,473
3.‘070
3. a7
3.’920
307960
3.9600
30ﬁ°a°
LIS LY
2.,0420
2.m079
2.8110
2.7R10
2.7160
2.4%00
2.8840
20‘150
2e8490
2.8n30
2.3170
2.97‘0
242220
2418680
2'ﬂ°°°
2-0010

THEQD
(NMI)

64,3600
4,2997
4,2377
84,1763
4,1147
4,0514
3,9919
3,9293
3.8684
3, 8079
3,7462
3,68%
3,623
3.56

33083
30“312
3,36%9
3. 3048
3,288
3,1749
3.1125
3,0087
2.9872
209251
2.8642
2.8026
2,747
2.6797
2.6182
2.5764
2.4996
24,8398
2.3787
2.3188
2.2607
2,19%53
2.1368
2-07°2
2,0202
1,963

NIFF
(NMI)

041490
001443
01803
001357
0.1312
0.1286
0.1400
0.1357
0.1306
0.125)
0.1218
0.1166
041285
0e1268
0.1228
0.1238
001071
0.1022
0.1382
001171
0.1135
0.1113
0.1068
0.1029
0.0978
0009484
0.089)
0.1013
0.0974
0.0736
0.,08448
0.0782
0.0923
0.0882
0.076)
0.0757
0.08%2
0. 0764
0.0698
00779

i
!
'
|
E
NCe=117 PRINTOUT OF RANGE AND RANGE RATE ¥
]
3
1
:
;

eewraR e R wRAN,
A/C \{
(KNTS) x@
i
824000 7.5
714000 69
82,000 70
714000 69
82.000 7
T7.000 48
714000 70
T1.000 70,
714090 49
714000 68
714000 14}
520000 69
714000 70
7 21000 ?
7‘0080 ?
82.000 T3¢
82,000 72
824000 72
71.000 72.
71.000 T2
71,000 14}
715000 14X
82,000 70
?7.000 70
714000 69
71.000 69
82.000 701
714000 69,
714000 701
714000 (1Y
T1.000 6”
71.000 701
71.000 69
R2.000 63
714000 71
824000 18Y
71,000 (11
714000 66,
714000 68
71.000 70
{
|
4
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APPENDIX D A
<4
iTOUT OF RANGE AND RANGE RATE TO P3A N
3
Pavadadw shnnst v et ®*RANGE RATEWS *eatbent snvnsnnteeTAyrensrdoneyn
DIFF A/sC THEQD Olrr A/C THEOD DIFF
(NM1) (KNTS) (KNTS) CKNTS) ¢SEC) ¢SEC) (SEC)
D.14%0 824000 Ta,038 7.962 197.96 212400 ~14,04
0.10643 714000 694495 1.50% 22513 222.73 2.60
D.1403 82,000 704686 f1.314 192.20 215.82 23,42
0+1357 714000 694386 16614 218,44 216468 1498
001313 824000 714752 100245 186,481 206,45 =20408
0.128¢6 77.000 68,744 8,2%9 198,43 21217 “16,78
0.14G0 714€00 70321 00679 209,46 204,31 S.18
0.135? 714000 T0e667 04333 206411 200.17 S, 94
0.1306 714000 69801 1199 202477 199.5} 3.2%
0,125} 714000 684200 2.800 199.42 201401 "1.59
0.1218 71.000 71098 “0.098 194012 189,68 e84
82.000 69,867 12-133 166092 18%.%9 *22.98
71000 700758 00245 190+24 184,136 5,88 g
7’.000 724933 *1.933 186,95 175.73 112} ;
?74000 734816 o482 160,29 171430 2,01 -
824000 73779 8,221 158407 167,42 11425 3
82,000 724973 94027 152.47 166,05 =13,58
824000 724897 9.103 149,58 163,21} 13,63
714000 724504 *1.504 170421 160,81 9.40
714000 T2.75%6 *1.756 166492 187,40 9.82
71,000 710047 "0.017 169,57 187,78 5,79
71.000 71+358 "0.398 160423 153,72 6,51
824000 70571 110829 TAUZ ~313%.83 152439 18,98
774000 704119 6.88% 141,57 180419 8,82 k
714000 69.380 16820 159619 140,62 1.87 1
0.09488 714000 69+808 10192 186489 184,53 2436 i
0,0693 82.000 70.035 11962 128429 180,93 =16.68 i
0.1013 71+000 694763 14237 141401 138,26 2,73 )
0.0978 71.000 70:609 04391 137.7¢ 133,49 4,22 !
0.0736 71.000 48,830 2.170 138,37 134,78 *0,39 !
0.0844 71.000 65,773 Se227 131402 136,81 “5,79 1
0.0782 714000 ?0+90% 00098 127,67 123,87 3.80 ;
0.0923 71000 69512 1488 12%.19 123.09 2.10 ;
0.0882 R2.000 63,472 18,527 105:50 131.%2 =26.02
0.0763 714000 714339 "0+339 118.50 118.08 4,41
0.0757 82.000 71536 10864 99.70 110048 “10.77 i
- 0.08%2 71.000 65,929 8,071 112464 116,68 =4.01 :
0.0768 714000 66,268 84732 109432 11295 3,63 )
0.0698 71.000 65.951 44089 10597 111.97 6,00 i
040779 71.000 T0e668 0336 103.49 100,01 3,48

R

ke
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AIRCRAFT=®  NC=117 PRINTOUT OF RANGE ANp RANGE RATE TO

FLIGHT ~O,

8
ENCOUNTFR NQeo L]

Cat R an R r e o R ANGER SRR R RN

POINTS 40

ME4N=® Oe¢310Aad NM 658,55 r7T
Mg 0¢3107 NM 672,62 Y
SIgMAs 000228 Nv 138,63 T

CaNe v e s RANGE RATEZSwhavdawe

POINTS
MEAN®
RMSw
SlaMmAs

40

302739 KTS
6,4783 KTS
08,9305 TS

Pia

e ] wr““"'?m!"a
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7 PRINTOUT OF RANGE ANp RANGE RATE TO  P3a
. 8
:

|

11 rTY *e et e ot Y RANGE RATEZwwoetnanw L AA AT A ISR I ]
] POINTS 40 POINTS &p

o35 FT MEANS 842739 KTS MEAN=  =3,48 SECS
62 1Y LI 644783 KTS RMSs 10,74 sEcs
063 FT SlamAs 849305 kTS SIgMAn 10,20 sEcs
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Wi W' Wl S DL W W e
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w W W

TIvF

“

SEC

‘9‘612
52,8308
’60055
u’.:ﬂa

20519

50"0
9002
20225
15,488
18,689
21.921
28,368
*1.627
1“.’56
30.089
41,3488
844,568
51,030
%6.51)

0.714

3,979

7.100
10.831
13,683
16,084
20.307
’gulhj
26,600
29.8%3
26,023
29,227
82,448

ATRCRAPT.
FLIGHT nO,
ENCOUNTFR NO.

Cher e e dRANGES Rk avtnane

Ase
(nul)

4.,%82p
443949
.09630
8.11480
d.08)3g
LPLLST
3.7830
LIL34T)
342400
3.4n80
3,.9760
209;30
2:7A8%p
2¢8133p
2.8%p20
2,1700
20948

?-:o7g
1.97%9
1em8d0
1:46%0
1,%439
l.01020
1.3000
141490
1+0200
[PLY.LS)
0.7%70
044250
0s0980
0s3790
0.8%80
0¢%6400
Os8010

P3A

THEDD
¢(NMI)Y

4,3798
4,245
4.4119
3.979a
3,8468
3.7458
3.%808
3,4501
3.3184
3.1863
3,0876
20500.
2.6722
25424
2,4137
2.2819
241528
2.028)3
1.8946
107601
1467808
1.5065%
1,3758
1.2476
1.1108
0.9784
0.849)
o721
805918
0.8679
0.3539
0.4086
0.5227
0.6436

DIFF
(NMI)

0.1622
001“]
0.1511
001346
041362
001355
0.1222
0.1209
0.1218
0.1217
0.1184
0s1122
000925
0e0%0%
000883
0.0884
00088
0,082
0.n804
0.0789
0.0204
0.0568
0.0%62
0.0524
0.0585
0.0397
036
8:8338
0.0261
0.0251
0s0194
0.0373
000‘7‘

v e h et ¢ w*RANGE RATE®wes

A/se
CKNTS)

15%.000
118.000
154,000
165,000
1%9.000
139000
159,000
159.000
159.000
159000
1‘!.000
154,000
1594000
139+ 000
188.000
1¢:oooo
139+ 000
148,000
1584000
1.‘0000
159.000
159000
139,000
159.000
199,000
139,00
188,000
156,000
148,000
148,000
136,000
=139.000
=182,000
»1584,000

PRINTOUT OF RANGE Ann RANGE RATE TO

THEDD
(KNTS)

1500064
1484816
148,777
147,720
147872
147,084
167409
1464%45
146+%14
1464387
1824197
143779
143608
1830847
1454476
18386
1.‘0!39
14330
1464229
143:538
143,906
145979
145774
147,878
1894049
144,508
14%5.922
140086
14?0838
1320687
1200881
»126.899
®133,229
®134.107

NCett?

DIp
(KN
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NTOUT OF RANGE Ann RANGE RATE TO

LI T
DIFF
. (NMD)

'0+1622
04148}
0415114
‘0.4 3086
0e1362
1001358
001222
.0+1209
0s1216
Q1217
"0+11848
.0+1122
0.0928
000909
10,0883
}0-0::1
00 0
[0, 082
“0.0808
0.0789
040204
0. 0568

0.0562

0.0%24
0.038%

- 0.0816

1040397
1038
5:3338

;0-03
0.0261

0.02%1

- 0.0194

0,037}

Qs 0478

ST NAYENG A T T S e . o 0 T

evt et e vt *RANGE RATES*®aoanawy

A/sC
(KNTS)

159.000
118.000
158,000
165.000
159.000
159.000
139000
1594000
159.000
189.000
188,000
154.000
1594000
139.000
188,000
1~:-ooo
59,000
}Oa.ooo
15484000
148,000
159.000
15’.000
139.000
159.000
189,000
139,000
188,060
154,000
168,000
148,000
136,000
*130.000
*182.000
1544000

THEND
CKNTS)

150+0080
1880816
148,777
147720
147.87)
1“7006‘
1474294
gAO.SUS
1464818
1464387
1624197
143,779
1834608
1834847
145,476
143864
148443
143430
148,229
13348238
1830006
145079
148,774
147,878
1494089
164,508
145+022
80.86
}5?083
13206467
1200881
=126,899
-133,22%
“134.407

NCa11?

oIfrrF
CKNTS)

8,936
.30|‘l‘
5.22)
17,280
11427
11.916
11.509
12.458
12.486
12,613
5.80)
100230
15,398
15.193
2524
4413
14,57
4,69
’.”1
XY LY
15,994
13.924
13,229
11,422
90’51
18,492
2978
13,18
8116}
15,30
15,119

BRI
19,893

A/C

¢SECH

102488
134408
99,65
89,76
99018
TAV A =»87,19
A3.84
80485
77.89
78490
P7.25%
68,10
62.60
50462
LYXLL]
57448
Spe67
$1s28
46417
64083
38,38
38,139
TAV| —»32,42
29.483
26,47
23,09
21462
1770
1%5.20
12002
10003
“11.,85%
=18,20
LETYRL ]

NADC-75056-60

N
-

APPENDIX E
1
ennvianneaTAyswrnaednne
THEND DIFF
tSEC) ¢(SEC)
10507 =2.23
102499 ’100’ b
99.%0 0.16 ;
96,08 *7.22
93,84 23,66
9094 3,78
87,40 3,56
84,76 ®3,90 ;
81.%8 3,69 p
784136 3,40 3
P70y “0e18 i
70!1’ .2.00‘ -
“000 ..n’. }
63462 “4.00
59,73 1043 i
57440 058 :
83,66 '2.”
50085 0.40
48,64 “0.87
4429 [ .}
842416 .« ;
37438 1,99 b
330" .1.’6
30,43 =100
26.82 *0.358 .
2837 1,28 ;
23.08 034 :
18,43 =073 f
13.01 0019 ;
12470 v, 68 i
10454 =0:51% !
°11.89 “0s26 '
=18,13 =0.07
"7.2’ 1.12
i
|
:
E-1 1
A



w/0 wITd FRUIT

AIRCRApTe  P3IA PRINTOUT OF mANGE ANn RANGE RATE TO  Neetf?

FLIGHT NO, 8
ENCOUNTER NO» 6

Sawtean et g n ANQEPR* NI RRE R

POINTS 34

MEANs 040830 NM 304,38 FT
RMSE 04,0082 NM 366,10 FT
SlgHAs 040829 NM 260,90 FT

Chtns g e *RANQGE RATEVPavwtenss

POINTS 3

MEANs 78928 KTS
RMSs 128776 KT8
SIgwAn 1041783 kT8

e anef
(L]
ME]
]

sl
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|

)F RANGE ANn RANGE RATE TO  Neetl?

]

:
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0.0363

wereneandeRANCE RATE"

A/C
CKNTS)

325.000
361,000
361,000
361,000
349,000
343,000
343.000
137.000
149,000
3374000
3%%.000
343,000
325,000
349,000
3%5.000
349,000
3494000
349,000
358,000
3494000
337,000
3434000
337.000
337.000
337.000
3374000
137,000
3371000
33’0000
337,000

THEQD
C(KNTS)

325.357
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331:616
330+894
332:946
333,873
330,220
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32,127
32,342
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18,477
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13,988
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1144
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12,568
23.420
12.588
17,38
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22.0%4
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6,780
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8,199
10,053
15,441
18,311
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APPENDIX F

asntvnantnaTAUN b NOOOnse

A/C THEOD DIFF
¢SEC) ¢SEL) (SEC)
110012 106.58 3.57
96401 10225 =623
93,06 99,46 “6,10
90s10 95.%0 5,40
9801‘ 92:29 '2.[’
88,614 89.82 ®1.00
85,54 86,40 *0.09
83.86 82.82 1,093
T?7.76 79.48 *1,72
77.,3% 76,24 1911

704423 73.4) -3,
68.79 69.99 'Oogg
70.1‘ 66443 4,08

TAVL —»61:80 62434 =053
S4.74 56,89 "2.1%
52463 §52.03 ®0.31
49,87 59053 =0:96
46439 afea? =142
842,56 406443 1,59
Age 2t 4078 'o,!l
38,39 38,43 0.46
34458 38,74 '001‘
31499 31.82 0.48

TAv i —528,8) 28461 0+22
25467 25440 0.27
2251 22.%0 0+00
19034 19.21 0.12
16,17 16,14 0+03
13401 13.23 0,22
10002 10406 0,04
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TABLE I-1 RANGE-RANGE RATE
ERROR STATISTICS

NADC-75056-60

APPENDIX I

Range Range
Data Sample Difference Rate
Mean Difference Data
N % of :iz:a Knots Group
Range Mean | Sigma
1839 2.5 154 9.6 11.0 All Data w/wo Fruit
1418 2.7 132 8.6 | 10.2 " wo Fruit
421 2.1 197 13.1 | 12.¢9 " w Fruit
1642 2.5 164 10.9 10.6 All Closing w/wo Fruit
1258 2.7 138 9.8 9.8 " wo Fruit
383 2.1 206 14.6 12.3 " w Fruit
198 2.7 50 =-1.0 8.4 All Opening w/wo Fruit
160 2.7 54 -0.8 8.4 " wo Fruit
38 2,9 27 =1.7 8.2 " w Pruit
28 4.7 219 22.0 12.6 Closing w/wo Fruit 10-9 nm.
33 0.5 209 19.5 | 14.5 " 9-8
43 3.6 179 14.6 | 11.3 " 8-7
52 3.3 238 18.9 13.4 " 7-6
76 1.7 210 16.2 11.3 " 6-5
148 3.1 196 15.8 | 12.5 " 5-4
285 2.2 190 10.2 9.5 " 4-3
444 2.8 149 8.5 9.0 " 3-2
459 2.9 126 8.6 8.9 " 2-1
74 1.6 a7 11.3 10.0 " 1-0
52 2.2 40 -1.1 7.4 Opening w/wo Fruit O0O-1
126 3.1 51 -5.1 8.9 " 1-2
17 0.2 53 -3.3 7.0 " 2=3
17 3.4 102 23.3 13.5 Closing wo Fruit 10-9
21 3.0 204 15.3 9.0 " 9-8
28 2.5 118 12.8 10.6 " 8-7
35 2.6 158 16.5 12.8 " 7-6
52 2.3 177 15.1 9.9 " 6~5
115 3.6 166 14.2 11.8 " 5-4
234 2.3 146 8.9 8.9 " 4-3
348 2.9 134 7.7 8.3 " 3-2
347 3.2 121 7.9 8.3 " 2-1
61 0.8 093 11.6 | 10.6 " 1-0
41 2.2 44 -2.2 7.3 Opening wo Fruit 0-1
103 3.1 55 0.5 9.0 " 1-2
13 0.7 58 -2,0 7.0 " 2-3
I-1

[
kn,,._w..-q_mm._“.d,
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APPENDIX I

TABLE I-1 RANGE-RANGE RATE
ERROR STATISTICS (Cont.)

Data Sample
N

Range Range
Difference Rate
Mean Difference Data
% of |Sigma Knots Group
Range | Feet Mean | Sigma
5.0 227 19.9 11.4 Closing w Fruit 10-9 nmi
-3.1 193 26.8 19.4 " 9-8
5.2 221 17.8| 12.4 " 8-7
6.4 303 23.9 12.8 " 7-6
-0.8 250 18.6 | 13.8 " 6=-5
1.8 245 21.6 13.6 " 5-4
-0.6 266 6.2 10.2 " 4-3
2.4 192 11.4| 10.6 " 3-2
1.7 137 10.6 10.0 " 2-1
4.7 2 10.0 9.6 " 1-0
12,4 11 3.0 6.6 Opening w Fruit 0-1
3.3 24 -3.0 8.4 " 1-2
-1,7 33 ~7.2 5.7 " 2-3

w-Data With Fruit
wo=-Data Without Fruit
w/wo~-All Data With And Without Fruit
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i APPENDIX J

DISTRIBUTION OF THE MAXIMUM OF
TWO SAMPLES FROM IDENTICAL NORMALS

! 1. An alternative deriva.ion, here of the pdf, may help clarify the result.

We have 2 identical norm.l distributions and pick one sample from each. The

greater of the 2 (maximum) is chosen. What is the distribution of the sam-

ples chosen? Lut the original normal assumed with zero mean and unit standard

deviation, have pdf f£(x) and cdf F(x). Then b

2 x 2
£(x) = -/—J'_—-e-x /2 ) F(x) = 1 / X /2 dt

on V2T (1-1)

- 0

v Now, in general, if we have 2 random variables xl and x2 with corresponding

;
§
i
h
2
i
4
4
L

, distrihutions £

1 and f2 (pdf) and Fy and F2 (cdf), pick one sample from each |

distribution and retain the greater, the following is true:

] In order to retain a sample of value u, either of 2 mutually exclusive
events occurs. Either Xl = u and xzéxl =uor X, =u and xléxz = u.

(The equality’in X;=IX; is used in order to take care of ties and is used only
there to keep the events mutually exclusive), Since the events are mutually )
exclusive, their probabllities are additive. Also, they are exhaustive (take

care of all possibilitieg). Therefore, if the pdf of the greater of the

2 samples is called g(u) (the probability that a sample of value u is picked

and retained) then

g{u) = fl(u)l?z (u) + fz (u)Fl(u) (1-2)

(fl(u) is the probability that xl = u and Fz(u) is the probability that i
Xy < u, etc. in accordance with the analysis above). In the case under i

i consideration

fl(u) = Ez(u) = f(u)
Fl(u) = Fz(u) = F(u)

(1-3)




NADC-75056-60Q
so that
= 2f P
g(u) (u)F(u) (1-4)
The ¢.d.£f., G(u) is then
G(u) = [li‘(u)]2 (1-5)

since f(u) = dF(u)/du,

2, It turns out that it is possible to get the mean and variance of the
distribution g(u) analytically using integration by parts. Let the mean
be Hye Then, by definition

«© ©

u o= / tg(t)dt = 2 / tE(t)P(t) dt

- o - (2-1)

with £{t), F(t) defined in (1-1)., Also £(t) = dF(t)/dt. Then, integra-
ting by parts, setting U = F(t); dv = tf(t)dt.

2
Thus v = —E— ™ /2 4y ang v = - =L ot /2 et (2-2)
V2 v2m
® o
2-3
Then b =2 ; [-f(t)F(t) ]-f-[f(t)]’ dti 23
- -0

Now, the square bracketed term = O since f(-®) = 0, £{®) = 0, F(=®) = 0,
F(») = 1. Also,

2 v2/9\2 ")
[f(t)] '%(et/z) -2+- et (2-4)

® ®

2
ul - 2/[f(t)]z 4t --l—fe_t dt--!'---
-® " - /n—

® 2
(/e tat = /7, available in tables, etc.)
-0

Then

(2-5)

J=2

it +
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g
Thus, in general, the mean of g(u) is shifted i to the 1ight of the

normal mean. (O applies to the original normal)
For the varlance, ths same technique is applied to obtain the non-central
second moment My

i i e 2

[ ]
m =2 /:‘:(:) [r(e) ] at

Lo (2-6)

Here

U= tF(t) and AV = tf(t)dt) V = =f(t), as before.

o» *® l
m, = 2{[-!(:)@&)] -f-:(c) [um * F(t) I dc’ (2-7)
o

Then

Again, the square-bracketed term is zexo (here £(t) goes to zero at =
and ® faster than t goes to ®). Then °

o 2 o« 7 :
m = zf: [f(c)] at + 2 ff(t)!‘(t) at (2-8) i
%Y :

Now,

o i
2£(t)F(t) = g(t), and fg(t) dt = G(») = 1
L
—o
While
@ *®
2
zf:[f(:)l* at -—’;—fce“ at |
Lo T Lo ]
o
I U I
[
-
Thus

m « 1 and the variance, uz,is U =mep el =i
2 2 2 1 (2-10)

J-3




Fm e o e L W g g ol b b B T K T A T B T T TR Y LT B oW ST 70 A0 AT 1Y TYOp oo 7o,

NADC-75056-60

1

Tien, in general, the variance is (1 - -=-) ¢?
n

3. BAs a ratter of interest, it may be shown that the distribution is
! skewed, All we need to show is that the mean and rode (point of maximum
i value of the distribution) are not the same. Equivalently, since the distri- )
bution is unimodal, we nced only show that the slope of the distribution at
the mean is non-zero. Thus,

it Fmiemtdins

- 2 - : \ :
gl =2 [f TRE L ",)““x’]

=2 £ [f(ul)- ulF(ul)] (3-1)

Do, M,

1
. Now, f(ul) > 0 and looking up values in the tables for f(ul) and F(ul) <u1= —:jh—j
/T

we f£ind that §'(u )< 0. Therefore, the mode (peak) of the distribution occurs to I
the left of the mean,

s e e B b

J=4 #U.8. GOVERNMENY PRINTING OFFICE:1978-803-783/1303
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i6
16
1l
14
14
14
16
i4
14
14
i4
14
14
164
14
14
14
164
14
14
14
14
14
14

TIME
HR MIN SEC

-
COCDOOPVOODP®DOD®®

S5.68
20404
30. 81
J4o b2
41,58
59.54

6473
13,92
28,27
42.65
49.70
57.00

61
4a19
11,734
14,96
18.53
22.15
26,72
28.90
32443
35,31

38.50
41.70
44,89
LA, 11
5130
G449
57.67

« 85
balb

7.25
10.45
13.65
16484
20,03
23.25
264l
29,62
42479
49,98
53458
5717
22.32
36.71
40,28
43,80
58428
- 1486

9,05

s ey

FLIGHT NO.

DISPLAY

2004
2004
2004
2004
200A
2004

2008NT
200PNT
200BNT
2008NT
200PNT
200BNT
200RNT
200PNT
2008BNT
200BMT

200ACLIMBNY
200ACL THANT
200ACLIMANT

LEVEL
LEVEL
LEVFL
LEVEL
LEVEL
LEVFL
NIVE
DIVE
DIVF

OFF NT
nFF NT
OFF NT
OFF NT
OFF NT
OFF NT
500N T

NT

NT

TAPGST NO. 1
RANGE RAYE TAU THR 1 RANGF PATF TAU THR 2

217.0
22844
221.0
117.7
99,2
251 b
255 .48
1564
190.9
177.7
§7.%
5248
59,4
48.4
‘0'0.0
41.8
212.3
37 .4
15.2
33.2
38,2
3641
3440
31.9
29,7
2745
28l
1744
21.2
19.1
171
15.0
1349
11.0
8.9
7.0
5.1
3.3
1“
186.9
195.7
216.2
18,9
260.1
197,?
2%2,2
24t .0
5543
E7.7
62,6

ey

9

6290
48990
5100
661
6210
4090
5190
1620
4780
-2qn
640
620
700
600
600
610
3460
640
630
640
690
640
670
681
690
580
630
&40
670
R70
661
650
650
640
B850
A20
620
590
470
2340
460
880
560
2990
aogo
4510
*450
-670
-670
=700

3%
45
Bt
a0
90
[}
43
20
39
93
L1
A5
AL
30
73
68
61
59
58
51
55
Sl
50
45
43
4l
36
27

ENMO'NTER NO.

cn2
rap
cn2
CA2
raz
rne2
cA2
eA2
caz
cee
nu1
ca2
cA2
cas
cat
CA1
cat
nat
CAL
nAq
caq
CAY

24

TAPGRET NN, 2

0.0

OO0 QIPIDCSC ICITVIIIN

9
7
5
3
1
]
0
L
]
251
0
0
n
7
1
0
¢
0
0

® e ® 52 ®» s 6 8 »w v o o

-0
-0
-n
-0
-
-0
-0
-f
*350
-Nn
17€0
79490
65N
-0
-0
-0
660
-0
=0
-0
620
A4
(]
650
620
630
621
-0
640
R21
6210
640
650
€30
(1%]
570
-0
-0
-0
-0
5270
-0
-7
-ff
16TH
-0
~8
-0
-0
-0

Jooooa2>0 2090

ODOIOFOIONISOIWAN

138

ey -

cR2

ryo
rB2
ra?
ce?
cR2
rg?
rB2

ch1
gei
23}
ray
c21
rAY
chi

NATE

ALT PPLS TX

10.5
10.5
10,5
in,.5
11,5
10.5
10.5
10.‘
11.5
10.5
10.5
10.5
10.5
10,85
10.5
10.5
10.5
10.%
10.5
19.5
10.5
10.5
10.5
10.5
10,5
18.5
10.5
10.5
10.5
10.5
10.5
1.5
10.5
10.5
10.5
10.5
10.5
10.5%
10.5
10.5
10.5
10.5%
10.5
10.%
10.5
13,5
in,5
10.5
10.5
18,5

48.9
43.4
49.1
43,0
49,4
43,0
k9.3
49.3
h3.2
49.4
40,3
“°I3
49,2
48.0
49,5
43,4
43,7
49,7
49,4
47,9
44,0
b“'o
4%.8
L%.9
43,8
43.8
43.6
“,.n
Lb,0
43,8
43.0
43.9
4349
Lb,0
4he0
“3.7
4440
43.7
4.8
43,5
50,0
42,7
“q.g
43.5
43.1
49,1
ta,2
49,0
4341
49,0

In
33
30
30
3n

30

hi!
31
30
30
3t

30 |

30
30
30
30
30
24
14
13
18
20
20
20
20
20
20
15
18
20
20
20
20
2n
21
20
20
16
(%4
it !
30
30
mn
R
30

3

"
30
30
31

i
1
i
1
i

7 17)

i
4
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NADC-75056-60 :

; {

WTER NO. 24 naTE 7 17 j

TABGET NA, 2 APPENDIX K ;
RANGF RATF TAU THR 2 ALY PPLS TYMT IRCn

0.0 -0 0 10.5 48,9 30 2034 0
; 0.0 -0 0 10.5 43.4 30 2003 0
2 T B LI 10,5 9.1 30 2037 0
;. 8.0 -0 0 1N.5 43.0 30 206N 0
0.0 < 0 10,5 w9.4 30 2077 0
r 0.0 =0 0 10,5 43,0 3% 2003 e
S 0.0 -0 0 10.5 43.3 Tt 2083 0

0.0 -0 0 10.5 49,3 31 2071 0
P2u.2 *350 90 10,5 43,2 10 2074 0

0.0  ~n g 10,5 49,4 30 2072 0
P83.0 1760 90 10,5 48,3 31 2053 n
Ju7.0 7990 30 10.5 49,3 30 2024 0 :
5045 65N 77 10,5 49,2 30 2012 0 E
0 -0 0 10,5 48,0 39 {872 ?

0.0 =0 0 10,5 49,5 20 2043 0 )
0.0 -0 0 1045 43,4 30 2056 0 :
$9.6 660 60  CA2 10.5 43,7 X0 2066 124 "

0.0 -0 0 1045 43,7 24 2069 128 0

0.0 =0 0 10,5 49,4 14 2072 To8 0 1
. 0.0 <0 O 17.5 41,9 13 1855 T28 0 ]
13,3 670 S0 F932 10,5 &k 0 13 184D . T28 T2R 0
‘29,3 A4O WS 082 10,5 L4,0 20 1105 T2A T28 0
127,71 ALOD 42 £A2 10,5 47,8 20 1819 124 T2 "

26,3 650 38 692 10.5 4%,9 20 1an1 ToA T2m 0 J

23,4 620 37 £A2 10,6 43,8 20 1881 24 1219 n 3
21,6 630 33 rB2 10,5 43,8 20 1837 T24 T 0
19,4  R20 31 £B2 19,5 43.6 20 115 728 T2n 0
- 0.0 -0 0 10.5 43,8 15 1874 TN 0
16,5 640 24 CBY 10,5 4u,0 18 1893 T8 T18 0
13,5 w20 21 £91 10,5 43,8 20 1A3€ B L. T19 0
(11.6 620 18  CB1 10.5 43.% 20 183A T1A  T1A 0 4
| 9.6 64D 15 AR 10,5 43,9 20 1971 T1A  T4A 0 i

7.6 B50 11 C7M 10,5 43,9 20 1A72 A T19 o :
5.6 30 8 rAL 10,5 4b,0 20 1431 TiA 719 0
3.5 640 S CAL 10.5 44.0 27 1859 TIA  T183 0 !

1.9 570 3 138 10,5 43,7 20 18L% T18 5 n j

0,0 =0 10,5 44,0 20 1983 T18 0
- 0,0 -0 0 10.5 43.7 16 1814 TLA 0

N9 -0 0 10,5 43,8 17 1847 T14 0

B0 -0 N 10,5 43,5 71 2043 0
251.0 5270 47 10.5 50,0 30 2104 0
0.0 =N 0 10.5 49,7 30 2104 0
8.0 -0 A 105 43,9 0 2094 AbTiTupE 0
8.0 =0 0 10.% 43,5 0 2444 0 !
187.6 1670 51 10.5 43.1 30 2075 A-3 - 1l000 Fr 0 |

0,0 =0 0 10,5 49,1 31 2066 - 0 :

0.0 -0 0 10.5 49,2 1¢ 2074 P~3 - )o,500 FT 0 ;

0.0 -0 0 10.5 49,0 30 2039 NC-N? Jojo0e FT 0
' g =0 0 10.5 43,1 30 2nas 0

0.0 =0 0 10,5 49,0 31 2087 0

{
K
i




3 TIME
' HR MIN SEC

12 26
26
12 26
12 26
12 26
12 26
12 27

T T ERe
-
n

TT TR ST M TTRCTARTR ARGy T Theeh - e
- -

~N N ~N

N N ~

N~ ~

yo o
NN
NN
o~

ol Tatt
-
~N
[\ d
[ ]

-
~ B
n
[+

37.97
41 .59
4S.16
4874
52.35
59.5%
6.70
10.31
13.89
21.08
2L.61N
28,27
31.85
35.46
39.00
45,23
49.85
5347
57.00
63
4.19
7481
11,34
14496
18.57
22415
25.77
29434
32.96
36,53
40.11
43.72
47.30
50492
S4el?
57.72
lgn
.09
7.29
1048
13.70
16.89
20,08
23.26
26449
29,k7
32485
36,00
39.26
42445

FLIGHT NO.

DISPLA"

200A
200A
200A
200A
2004
2008
2004
200A
200A
200A
200A
2004
200A
200A
200A
200A
DTVE

200BNT
200BNTY
200RNT
2008NT
2008MT
200ENT
200BNT
2009NT
2000MT
200ENT
200FNT
2000NTY
2000NT
200PNT
2008NT
200BENT
200BNT

9

T

ENCNUNTE® NO.

TARGET NJ. 1

65146
191.14
49.0
83.7
83.0
184 .4
4245
41.8
41,0
39.7
?14.0
6he?
64,3
36.9
60.6
5649

5542 .

535
51.8
50.1
48.5
46.8
4542
43.7
b2.14
40.6
39.0
37.5
3640
34.5
33.0
31.5
30.0
2845
2740
25.6
2443
23.0
21.7
z.ul“
19.4
17.8
16.5
15.3
16442
13.1
1240
11.“
13.0

gli

150
4810
350
-9
151
2570
270
230
239
200
5349
590
551
221
a2n
541
540
519
500
470
459
481
470
450
wu
440
460
4350
440
420
420
%30
440
w10
440
430
1440
420
420
420
421
420
400
win
370
340

0.
20
110
300

ag
39
ag

[}
ap
n
9)
90
C1]
90
33
ag

a0
N

Ll
El)
99
L1}
83

82
78
73
68
65
61
59
55
S4
51
L8
45
4?
L3
37
28
33
35
32
32
30

ca?
ra2
CA2
cae?
A2
CA2
CA?
CA?2
cA2
CA?
caz
[
nA2
CA2

CAa2
cat

TASGET NO, 2
RANGE RATE TAU THR 1 RANGF PATF

0.0
0.0
0.0
W7.7
46,5
20645
0.0
0.0
0.0

15.6

-0
-0
=0
360
350
=340
-0
-0
-0
-1
6190
-0
=N
-
240

-1
240
220
230
241
230
260
2240
240
22¢
200
23N
220
220
200
220
22"
220
220
200
210
210
220
2?20
240
230
240
240
220
230
2?70
220
220
220

11

TBU THR 2
0

]
]
90
a1

0
0
9
0
0
0
o

30 e/
240 90

GR2
ce?
cn2
ca2
Cn2
ra2
c32
cao
ca2
ra2
ca2
c3?
cs?
ng2
£a2

ra?

NATE

ATECR e Ee T e e sy .,-—,1
V
b
i
1
/
1
]

17

T

ALT PPLS TXMT i

1045
1045
10.5
10.5
1n,5
10.5
10.5
1045

AC .5

10.5
10.5
10.5
10.5
10.5
1045
10.5
10.5
10.5
10.%
18.5
1045
10.5
10.5
1045
10.%
10.5
10.%
10.5
10.5
10,5
10.%
10.%
10.5
1045
10'5
10.5
10.%
10.5
10.5
1i7.5
10.%
10'5
10.5
10,.%
105
10.5
10.%
10.5
10,5
10.5

43,3
49,6
49,9
43,5
49,7
43,5
42,7
49,9
50.0
49.9
49.4
43.5
49,4
uq's
4o, 8
49,0
43,5
49,4
43.5
DENS
4.4
09,4
49,1
P
43,2
49,4
L9,k
4344
49,4
49,1
49,3
89,0
49,4
49,3
“a.z
43,7
43.9
4ol
Wn.n
43.8
41,8
b o0
§B.n
43,7
“B.7
4%, 8
v3.8
b1
43,7
43.8

3)
3n
21
3"
30
3]
30
30
30
30
30
30
N
an
LL]
)
30
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NADC-75056-60
'® NOo 11 NATE 7 17 APPENDIX L !
APGET NO, 2
INGF RATE TAU THR 2 ALT PPLS TXMT ToRp
.0 =0 0 10.5 43.3 30 2050 0
.0 =0 O 10.5 43,5 30 2032 0
0.0 =0 9 10.5 49,9 21 2110 0
7.7 360 90 10.5 43,5 3* 2073 0
b6 350 4N 10,5 49,7 30 2072 0
5,5 =380 99 10.5 43.5 3) 2053 0
00 =0 O 10.5 42,7 30 2064 0
8,0 =0 0 10.5 49,9 30 2004 0
0.0 =0 0 10.5 50.0 30 ?na6 0
0.0 =7 O 1045 49,9 30 2072 AI1RERAET Eucovnrrn angie 0 ‘
k2 K190 39 10.5 49,4 30 2031 : 0 1
0.0 =0 O 10.5 43,5 30 2061 Ne-) 172 -30° 0 ;
0.0 =0 O 10,5 49,4 27 2065 A-3 vCo® 0 3
0.0 ~-n 0 10.% 47,5 30 2ne8 0 {
6.0 240 90¢))7 1045 49,8 ¥1 2095 0
ko5 240 90 10.5 43.2 17 2107 n
0,0 =0 0 10,5 43,5 30 2034 0
2.8 240 0 10.5 43,4 30 2029 0
2.0 220 90 10.% 43.5 30 2113 0 :
1,2 230 90 11.5 42,4 30 2002 0 i
0.4 249 90 10,5 4.4 30 2006 0
9.6 230 90 10,5 49,4 37 19334 0
8.8 250 90 10.5 49,1 30 1924 )
8,0 220 90 105 43,1 3) 1917 0 ;
7.2 240 90 10.% 43,2 30 1969 )
6.5 220 90 10.5 49.4 30 2037 0 :
5.7 200 an 1045 49,4 31 2035 0 y
4.9 230 4 1045 43,4 30 2n5e 0
4,1 220 90 10.5 49,4 31 2030 0
3.4 220 90 10,5 49,1 30 1979 0 !
2.7 20n an 10.% 43,3 317 1922 . 0 4
1.9 220 90 10.5 49.0 30 1869 A NE-1T 0
4.1 220 o : 10,5 ua. b4 3) 1997 T oA T2R (]
Qo4 22C 30 CR2 10.5 49,3 27 20n? T24 128 0 ,
9.6 220 89 £87 10.5 43,2 20 1973 124 Ton 0 :
9.0 200 9n CA2 10,5 43,7 20 17A% T24A ToB 0 ‘
8.3 210 S0 €82 10.5 4%,0 20 1833 T2A T2n n ¢
7.7 210 a4 CR2 10.5 Lb 0 20 1836 T24 128 0 i
7.0 220 77 £a2 10,5 43,0 20 17k0 T28 il ] 1
&.3 220 74 €32 1M.5 43.8 27 177 T2A 120 0 i
5.6 240 €5 CA2 10.% 43,8 20 1824 Y28 128 0 :
4,9 230 64 €92 10,5 4b.0 70 1836 TN T2R 0
4e? 240 59 fA2 10.5 4B, 20 1820 T24 T2R 0
3.5 240 56 CB2 10.% 43,7 20 1804 T2A 128 0 !
2.8 220 %8 €32 10.5 4Ra7 20 178& T2 TR ) i
2.1 230 82 €37 10.5 4,8 20 1750 T28 T2R 0
1,4 270 St B2 10.5 k3.8 20 1758 Tee 28 )
0e" 220 4B 82 10.5 L4 20 1827 24 128 0
0.0 220 u5 10,5 43,7 20 1Rr06 FA 2R 24 \
9.4 270 &2 "R 10,5 43,8 20 1754 T1A 128 + |

[ERPEIRENDRIer




T €T T TR e - SRTI RT3 e e e,

FLIGHT NO. 9 ENCOUNTER NO, 11 PATE 7 17
: TINE TARGET NO. 1 TAPGET NO, 2 |
r HR MIN SEC DISPLAY QANGE RATE fAU TH® 1 RANGE RATF TAU THR 2 ALT RFLS IXMT.
F 12 29 45.65 \DIVE 200BNT 9,2 280 29 CAL 8.7 220 79 £82 10.5 43.9 20 182

12 29 48.8% DIVE 2U0BNTHM 7.3 280 26 CAt 8.0 220 6 CB2 1N.5 4he0 20 ANS
12 29 52,06 LEVEL OFF NT ' 6.4 270 23 CA1 7.3 220 33 €91 10i5 LL.0 20 182
12 29 55.25 LEVEL OFF NT 5.6 270 20 CAL 6.7 220 0 cnl 10,5 4%.9 21 1A2
29 S58.44 LEVEL OFF NT 4.9 220 22 cal 6.1 190 32 c81 1D0.5 uR.8 20 182
12 30 1.62 LEVEL OFF NT 4,3 200 2% CAl 5.5 180 29 CRL 10,5 43.8 20 182
12 30 ‘'4.80 LEVEL OFF NT 3.8 130 29 CA1 5.1 140 36 CR1 10,5 44,2 20 185
12 30 8.03 LEVEL OFF NT 3.6 90 40 cat 4.7 120 19 rB1 10.5 43-8 20 182
12 30 11.21 LEVEL OFF NT. 3,5 40 87 CA2 4.5 90 50 138 10.% 4%,8 20 178

3.6

3.9

»
~n

12 30 14440 200A SOOBNT ° -50 99 CA2  h4eb §0 R8 13% 10.5 43.9 20 18&

12 30 17.60 200A S00BNT =100 93 13A bholy =) ¢ 138 49,5 43.9 20 1r0
12 30 20.8%1 S00A 5008 Lok =130 99 13A 4.5 =50 99 1318 10.5 Ghal 20 18%
‘ i2 30 23.04 S500A 5008 4.8 =150 99 134 4e8 =-9% 99 138 10.5 43.8 20 1800
1 12 30 27.20 500A S008 5.1 -110 99 138 0.0 - N 10.5 43.9 20 1ni
i 12 30 30.38 5008 5.5 ~120 93 13° 0.0 -0 0 10,5 w¥,8 15 180
: 12 30 33.57 5008 5.9 =150 99 0.0 -0 0 18.5 4¥.8 17 162
¢ 12 30 43.55 9.0 =250 99 T.6 =178 99 10.5 43.,% 30 19%
i 12 30 47.17 9.9 -250 99 8.2 =190 99 10.5 49,5 0 203
' 12 30 50,74 10.9 =290 93 0.0 -0. 0 10.5 49.5 30 200
§ 12 30 54.36 12.0 ~310 99 9.5 ~180 99 1045 49.5 30 2085
- 12 30 57.97 13.1 -320 99 10.1 =170 99 10.5 49.56 30 2038
12 31 1.51 14,3 =330 92 10.7 =190 99 10.5 49.6 31 20
; 12 31 5.13 15.5 ~330 99 11.4 ~190 99 10.5 49.6 30 206
4 12 31 8,70 12.0 =180 99 195,4 *250 "9 10,5 49.6 30 ZOQ
] 12 31 12.2% 18.0 -350 93 12.7 =190 99 105 49,5 30 206
: 12 31 15.89 13.3 <190 99 8.0 -t 0 10.% 49.6 30 198
] 12 31 19.47 14,0 =180 99 B0 -0 0 105 &2,k 30 20%
12 31 23.09 14.7 =210 99 0.0 -0 0 10,5 49,7 30 204
i 12 31 26.66 200.8 3730 S 15.3 =700 93 1048 49,6 X0 208
\ 12 31 30.24 16,0 -210 99 0.0 -0 9 11,5 49.5 30 202
; 12 31 33.85 1R.7 =200 99 0.0 -0 N 10,5 43.3 30 204
[ 12 31 37.43 17.5 =220 93 2.0 -n 0 10.5 49,5 30 208
! 12 31 41.04 2844 =360 93 238.4 7760 10 10.5 9.6 30 205
{ 12 31 44,62 29.6 =350 99 18.0 -200 99 10.5 49.5% 30 19%
F 12 31 4w8.20 37.9 =370 99 .0 -ft g 10.5 43.5 30 20%
' 12 31:59.00 198.9 9280 21 n.0 -0 0 10.5 3.3 31 202
12 32 2.58 2746 =220 99 169,/ -230 99 10.5 9.6 30 208
12 32 6.16 - 37.0 =330 93 2%.3 -20n 99 10.5 49.5 3n 202
F 12 32 9.77 38,2 -360 932 28,4 =170 9a 10.5 49,5 30 20%
12 32 13.35 39.4 ~340 99 0.0 -0 0 10.5 49,5 30 208
: 12 32 16.956 43.7 =360 93 0.0 -0 0 10.5 3.4 31 208&
) 12 32 20.54 1.9 ~360 93 3.0 -0 0 10.5 43.5 30 20&
12 32 24.12 43.2 =370 99 30.7 =150 99 10.5 49,4 30 208
1 12 32 27.73 b =0 99 22%.1 1910 90 10.5 43.7 3) 206
1 12 32 31.31 45.7 =370 99 28.0 ~-190 99 10,5 49,7 30 207
1 12 32 34,92 47.0 =400 9¢ 28,7 -199 39 10.5 43.5 30 204
3 12 32 38.50 48.3 ~400 99 33.1 =140 99 10.5 49.2 33 197
‘12 32 42411 49.7 ~38) 99 0.0 -0 0 10,5 49,7 30 194
12 32 45.69 51.1 -410 99 30.7 ~i%0 99 10.5 49,3 ™ 202
12 32 49.27 52.5 =410 99 3.4 =210 99 10.5 494 30 203




i

€R No. 1t
MRGET NO.
ANG T

‘07

220
220
220
221
199
19n
140
120
90
L]
-0
=50
=91
-0
-0
-0
=171
=190
-0
-1R1
=170
=-190
-190
*250
=190
-0

2

39
16
3
*0
32
29
36
19
50
L1}

99

RATF TAU THR 2

ce2
c82
c31
cat
cet
ca1
Chy
ngi
1398
139
138
138
128

NATE

ALY

10.5
10,5
105
10.5%5
10.5
10.5
18,5

1.5

10.5
10,5

'1“.5

10.5
10.5
105
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
105
1045
10.5
11.5
10.5
10,5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.%
108.5
10.5
10'5
1045
10.5
in.8
10.5
10.5

RPLS IXMT IRCDH

hslg
6.0
4he0

4349

WR.8
“3.“
Lh,2
43.8
Lt.8
43.9
43.9
“b'i
43.8
43.9
h%.8
Lv.8
43.%
49,5
49,5
49,5
49,6
49,6
4346
496
49,5
43.6
L]
49,2
49.6
49.5
43,3
49,5
49,6
49,5
49,58
3.3
83,6
49.5
49.5
49.5%
B9, 4
43.5
"q.“
43,7
49,7
43.5
49,2
49,7
49,3
49,4

717

20
20
20
21
20
2n
20
20
20
20
20
20
20
20

15"

17
30
30
30
30
30
31
3n
30
10
30
30
30
A
3n
30
30
30
30
30
31
30
3n
30
30
31
30
30
32
30
30
30
30
k3 !
20

1821
1851
1825

1828

1828
1822
1854
1820
1785
1842
1r01
1856
1807
1R11
1806
1828
1938
2033
2002
2051
2036
2066
2063
2069
2064
1985
2051
2040
2066
2n2n
2040
2056
2050
1954
2058
2024
2081
2027
2035
2066
2061
2062
2040
2068
2074
P04
1970
1968
2020
2023

1A
TiA-
TiA
T1A
TiA
T1a
T1A
T1A

T2

T?A

PS
4]

Good example of two targets at same range:

Time 12:29:39

A3 at 10,000 £t. range in I+
C117 at 10,000 ft. range in I_

at equal altitude.

case,

tion.

T8
T8
718

‘Tia

T1R
TiR

TR
28

128
vs
]
w5

MS

M5
L]

6

6

Avoids interprets this as a single target
P3 chose + bias in this
If this had persisted another round,
the P3 would have given the climb indica-
But it did not persist for a second
round because by 3 sec later, the AJ was

at 9,100 ft. and the Cl17 was at 9,400 ft.
The 300 ft. separation was sufficient to
distinguish both targets separately again.
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B P IR S AW e N TR TS

FLIGHT NO. 9 ENCOUNTE® NO., 12
TIME TARGET NO. 1 TARGET NO. 2
MIN SEC DISPLAY RANGF RATF TAU THR { RANGE RAYE TAU THR 2
41 16481 107.7 -0 1) 29.6 20 90
41 20.%2 198,0 ¥520 39 0.0 -0 0
41 3t.21 203.2 2110 90 9.0 -0 0
41 45.59 212.2 *610 93 0.0 . -0 0
41 52,78 221.3 4340 50 N -0 0
41 56439 93.4 680 90 27.0 160 90
41 59,97 26,5 180 90 0.0 -0 0
82 3.58 38.8 630 90 0.0 -0 0
42 1ha40 - 199.5 6700 29 ?33.4 4230 55
k2 17.97 190.2 9460 20 0,0. =0 1
42 25.20 75,3 500 Me A3 257.2 442D R
42 28,78 :73.4 620 90 22.7 140 S0eN?
42 32.39 22.2 140 90 2%0.3 4370 52
42 36.00 2?9.5 7916 29 21.6 150 90
42 39.58 67.2 510 90 21.4 1F0 90
42 43.19 20.6 150 990 Can -t 1]
42 46479 63,6 490 90 20,1 150 90
42 50438 - 19.6 140 90 0.0 -0 0
42 5%.98 19.4 15C 90 0.0 -0 0
42 57.59 58.2 490 90 18,6 1A0 90
43 1.17 S6.4 510 An 18.1 130 90
43 478 S4e6 G510 9" 17.5 169 99 (o] 14
43 8.30. 2008NT 52,7 500 90 17.0 130 <0
43 11.30 200BNY 16.5 140 90 ce2 0.0 -0 0
43 15,59 2008NT 16.0 140 90 tB2 0.9 -0 0
43 18.70 200BNT 15.6 160 99 rR2 0.0 -f 0
43 21,90 200BNY 15,2 120 90 ce? 0.0 -0 0
43 25.18 ZNOBNT 167 140 90 ne2 0.0 -1 0
43 28.41 2008NT 14,3 130 90 cR? 0.0 -0 0
43 31.59 P00BNT 13.9 130 90 nA2 0.0 -0 0
43 3L.78 200ANT 13,5 140 90 cr2 040 -0 0
43 36,00 200BNT 13,0 140 90 fr2 0.0 -0 0
43 41.19 2008BNT 12,6 140 9N cB? 0.0 -0 0
43 GLhabt 200BNT  35.4 500 70 12.2 130 90 na2
43 47.60 200BNT 33.9 4380 70 1.8 130 °n cr2
43 50.82 200aNT  32.4 490 65 £82 11.4 140 81 cae2
43 Su.02 200A 200BNT 30.8 500 61 CA2 10.9 140 77 8?2
43 S7.21 200A 200BNT 29.3 490 59 CA? 10.5 1490 75 CR2
44 «43 200A 200RNT 27.7 430 S5 CA2 10.1 140 72 caz
44 3,62 200A 200BNY 9.6 150 64 ce2 a0 -0 0
44 6,71 200A 200BNT 2L.6 510 48 CA2 9.2 130 70 tB?2
44 10.03 200A 200RNT 23.0 520 &b CA? -8.8 150 58 caz
L& 13.22 200A 200BNT 21.3 520 49 CA2 8.4 140 60 caz2
b4 16444 200A 200PNT 19,6 540 36 CA2 8.0 140 57 ce2
by 19.63 200A 200BNY 17.9 550 32 ca2 7.5 180. 5" A2
44 22.81 200A 200BNY 16.2 550 29 CA?2 7.1 170 S c8»
44 26.0% DIVE 2008BNT i4.5 6550 26 CAt 6.7 130 51 ca2
44 29,22 DIVE 2000NT 12,7 560 22 1.3} 6e? 140 45 ca?
44 32,40 DOIVE 200BNT 11.0 570 13 ChAy 5.9 140 w2 c82
bt 35.62 NYVE 200BNT 9.3 540 L7 cat 5.5 130 42 ca?
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ALY RPLS IXMT ¥

10,5 49,8
105 49.5
105 49.%
10.5 49.9
10.5 49.4
10.5 9.3
10.5 49.4
105 43,3
10.5 49.6

" 10,5 40,5

1045 40,8
105 5040
105 49,7
18.5 49.9
10.5 9.8
10.5 49,5
10,5 43,7
10,5 49.7
10.5 43.7
10.5 49.6
10.5 49.6
10.5 50.1
10.5 49.8
10.5 49.5
10.5 49.7
1045 44.5
1045 4hob
105 4ha3l
10.% 4he?
10.5 bbe3
10,5 b4.2
105 4he?
105 44?2
10.5 44,5
1045 b443
1045 L4l
105 Lb4.1
1045 4.2
10.5 4eo2
10,5 bhe2
105 b4.1
10.5 445
105 bhe1
105 G4ha3
10.5 &b4.5
10.5 442
10.5 b2
1045 bhats
105 4ha2
10.5 Lbel

30
30
30
30
30
30
3n
30
31
30
0
30
31
30
30
30
30
30
30
31
31
30
30
23
15
15
17
14
16
17
1A
4
18
i
29
20
20
20
20
17
18
20
20
20
20
20
an
20
29
20

2133
207
207
208
2064
204
2064
208
2054
2024
1974
20548
20nd
2074
207
204
2089
203
2084
208
206
2114
207
207
210
1871
1839
1874
1044
1534
1841
184
1851
1874
185
184
1811
188
188
186
1831
188
180
182
188/
188}
183
188
LT

18%

4
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NADC-75056=60 1
'E® NO, 12 nATE 7 17 :
_ APPENDIX M
FARGET NO. 2
ANGE RATE TAU THR 2 ALY RPLS IXMT TORD
19,6 20 90 10,5 49,8 30 2133 0
0.0 =0 0 10.5 49.5 39 2974 0
0.0 =9 0 10.5 9.8 30 2071 0
0.0 . =0 0 10.5 49,9 30 2089 0
Ne#t =0 0 10.5 49.4 10 2069 0
27,0 160 90 10.5 49,3 30 2045 0
0.0 =0 0 10.5 49.4 30 2068 0 i
0.0 =0 0 10.5 49,3 30 20%? ]
$3.4 4230 55 10.5 49.6 31 2056 0
#.g -0 "10.5 49,5 30 2024 0 .
o2 4U2Q &R 10.5 49,8 %3 1379 n ;
22,7 140 S0P 10,5 50,0 30 205A P-2 TAw cHASE Nne-117 0 '
30.3 4370 %52 10.5 49,7 .31 2046 P-3 HEAb-on RABS 0 ;
2.6 150 90 10.5 49,9 30 2078 : 0 ‘
Bl.1  1%0 90 10.5 49,8 30 2074 0
0.0 =0 0 10.5 49.5 30 2042 0
20.1 150 90 10,5 43.7 30 2082 0
0.0 =0 1 10.5 49,7 30 203% 0
!o.o -0 0 10.5 43.7 30 2080 0
8.6 160 90 10.5 49.6 4 2051 . 0 R
18.1 130 90 10,5 9.6 31 2064 Neya 0 {
17,5 169 99 $82 10,5 50.4 30 ~114 T28 0 y
17,0 130 90 10,5 49,8 0 2078 128 0 '
P.0 -0 0 10.5 49,5 23 2079 Ton 0
0.9 =0 0 10,5 49.7 15 2101 128 0
0.0 -0 0 10.5 4he5 15 1877 Ton 0
0.0 =0 0 10,5 4h.4 17 1818 Ton ]
0.0 =0 10,5 4he3 L4 1875 T28 )
0.0 =0 0 10.% 442 14 1064 20 0
0,0 <0 O 10,5 b3 17 1833 T28 0
0.0 =0 0 10,5 4,2 R 1817 729 0
0.0 -0 0 10.5 4he2 17 1842 T2 0
0.0 -9 0 10.5 44,2 19 1857 T2n 0 !
12.2 130 90 £A2 10.5 44,5 1% LA76 -8 728 0
11,8 130 ©0  CR2 10,5 46,3 29 185A - 2R 9 :
1.4 140 81 CB2 10.5 4l,1 20 1847 T28 2R " g
10.9 140 77 TB2 10.5 4.1 20 1819 T2A Tom 0
10.5 140 75  GR2 10.5 4.2 20 1857 T28 T28 0
10.1 140 72 fA2 10,5 bk,2 20 1855 T28 T28 ? |
0.0 -0 8 10,5 ka2 17 1867 128 0 y
9.2 130 70 TH2 10,5 k4.1 18 1838 T24 129 0 :
8.8 150 S8 082 1G.5 4he5 20 1R42 T28 120 0 ;
Bl 140 60  CB2 10,5 %%.1 20 1800 T2A T28 0 i
8.0 140 57  CB2 10,5 4h,3 20 1827 T20 128 0 ‘
7.5 150.50 A2 10.5 4.5 20 1885 oA 128 0
7.1 170 S&  C82 10.5 44, * 20 183k T2A 128 0 i
6.7 130 51 CA2 10.5 44,2 20 1823 T18 T20 0 ,
6e1 140 45 CPA? 10.5 tb.& 20 1852 T1A 128 0 :
5.9 140 42  CB? 1045 4le2 20 145 T1A 128 0 j
5.5 137 42 ©a? 10.5 44,1 20 18%3 TeA r28 ] ;
i
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‘ FLIGHT NO. 9
; TIME , TARGET NO. 1 ]
; HR MIN SEC DISPLAY  RANGE RATE TAU THR 1 RANGE
12 44 38,81 NIVE 200BNT 7.6 S30 14
12 44 42.00 LEVEL OFF NT 5.9 540 10
12 46 45.22 LEVEL OFF NT .4 500 3
12 &b 88,42 LEVEL OFF NT 2,9 450 &
12 4 51,61 LEVEL OFF NT 2,0 280 7
12 44 54483 LEVEL OFF NT 3.3 110 30
12 Gk 58,02 SO0CACLINGNT 3,3 -350 99 134
: 12 45 1,11 . CGLINBNT 2.8 90 31 1138
| 12 45 643 S008 2.6 90 29 138
? 12 45 7.62 5008 2.4 70 3% 138
12 45 10.70 5008 2.4 90 23 13A
12 45 14,02 5008 1.8 90 20 138
12 45 17,24 5008 1,5 100 15 138
; 12 45 20.39 5008 1.3 80 16 139
: 12 45 23.61 5008 - - 1.4 50 22
12 45 26,80 CLIMANT 1.0 20 50
12 45 29,99 CLIMBNT 1.1 -0 93
: 12 45 33,24 - CLIMBNT 1,3 =70 93 13w
f 12 45 36.41 500@ 1.6 =90 99 12R
| 12 45 39.60 - 5008 1.9 =90 93 13°
12 45 42,82 . 5008 2.2 =110 9
12 45 5.0t CLIMBNT 2.6 =100 %
12 45 49.20 CLIMEBNT 3.0 =120 99
12 45 52,38 SLIMENT 3.4 -120 9
12 45 55.51 200BNT 3.8 =130 99
12 45 58.79 2008NT  4ei =120 99
12 46 1,97 200BNT 4.5 ~120 93 13a
12 46 5,10 5008 4.9 =120 99 1138
12 46 8.38 5008 5.2 =120 92 138
12 46 11.57 5008 S¢6 =120 99 138
12 46 14479 5008 5.9 =120 93 1119
12 46 17,98 5008 6.3 =120 93 13R
; 12 46 21.18- 500R 6.7 =120 93
: 12 46 2u.37 7.1 =120 99
| 12 46 27.59 7.6 =140 99
: 12 46 31.17 53.0 -600 93
12 46 34,78 55.0 =570 99
12 46 38,36 57.1 =570 93
12 46 &41.97 59.0 =540 99
12 46 45,55 61.2 =590 99
12 46 49,16 63,3 =590 93
12 46 52.7% 65.3 =570 93
. 12 46 56434 67.3 =600 99
: 12 46 59.93 69,3 <600 93
; 12 47 3.53 74.2 -550 99
; 12 47 7.12 73.2 =570 99
1 12 47 10.72 75.2 =579 a9
% 12 47 14.30 77.1 -510 99
1 12 47 17.91 79.3 =580 99
] 12 47 21.49 81.0 =490 93
|
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TARRET NO. 2

LT}
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10.%
1.4
12.0
1245
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13.5.
1&.10
14,5
15.0
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RATF TAY THR 2 ALT RPLS TXMT I

120
120
130
120
129

-1

io00

-0
-0
-0
-t
-
-t
-0
-1
-N
-0
-0
=0
=N
-0
-0
-0
-0

-0 -

-0
-0
-0
-t
=0
-0
=0
-7
=0
-0
=140
-12n
-190
=140
=130
=140
=140
=170
=160
-150
-13n
-160
~150
-140
=140
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NATE

10.5
1045
10.5
10.5
10.5
10.5%
10.%
1n.5
10.5
19.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5

1045

10 <5
10,5
105
in.5
1045
10.5
10.5
10.5
10.5
10.5

10.5

10 .g
10«5
10 .5
10.5
1045
1045
10.5
10,5
10.5
10.5
10.5
10.5
10.5
10.5
lo.g
11 .5
10.5
19.5

46,3
bhe?
W4, 2
bol
bhe2
463
U4 2
blhed
bived
Ly, 2
o0
44,3
44,0
“b.i
Gl 3
44,5
b3
(L PS
Lbe 2
4,2
hb.0
44.2
b3
k4.0
44e?
bhe?
43,9
43.9
L3.8
43,8
43.8
43.5
43.8
Gbo0
Lo
83,5
49.6
49%. 4
49,3
43,5
43.6
43,7
43,7
49.6
49,5
49,7
43.7
43,3
“9.6
49,7

4

17

20
29
20
20
2n
20
20
15
15
15
14
14
15
14
14
14
14
15
14
15
164
14
15
14
14
14
15
17
15
16
14
14
14
15
24
3n
3n
10
3]
30
L3
31
30
kD]
20
0
30
30
=0
30

187%
1649
1850
1828
1836
1868
1'5%
18481
1839
1868
1868
1856
1824
1833,
1866
1882
FLIYY
1838
1826
1858
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1046
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2 NO. 173 NATE 7 17
¥[ET NO. 2
NGE RATF TAU THR 2 ALT RPLS TXMT IRCP
1 120 42  CB2 10.5 44.3 20 187% T18 T2R )
7 120 39 CB1 10.5 hb.? 20 1849 TIA T18 0
e3 130 33 ABY 10.5 44.2 20 1850 TIA  Ti8 0
3 120 37  £81 10.5 4.0 20 1828 TIA TR 0
o6 120 30  NBY 10.5 #b.2 20 1836 TiA T8 ]
0 =0 9 10.5 4.3 20 186S T14 0
0 100 T  CBL 1045 L4e2 20 1RR0 o5 T18 0
0 =0 0 Q@6 1M.5 4b.1 15 1848 NS . ]
O =0 0 0.5 10.5 L4l 15 1839 S Aol 0
0 =0 0 b 10.5 4.2 15 1365 NS 0
0 =T 0 W 10.5 LbeD 1L 1868 vg 0
W -0 0 #  10.5 443 14 1856 us ¢
0 =t 0 ¥ 10.5 44,0 15 1824 o] 0
0 =0 0 " 10,5 G4hel 14 1833 " 0
o0 -7 0 97T 10.5 tke3 14 1866 T1R Y 0
ot =n g W 1045 4h.5 14 1882 na} 0 3
W =0 0 W 10,5 bh.3 L4 1RnG T18 ] '
0 =0 0 @@ 10.5 k4.1 15 1835 s } - 0 :
N =00 o 10,5 LbeX 14 1826 ¥s 0 ;
0 =m0 w 105 Lhe2 15 1858 s 0 ]
W =0 0 g9 10.5 kbl 14 1844 T183 ) 0
0 =0 0 ® 1045 bbe? 14 1865 T18 0
0 =0 0 0 10,5 43,3 15 1356 T18 0
W0 =0 0 G 10.5 b6,0 16 1847 28 » 0
W0 =0 " 10,5 khe? 14 1849 To8 } 0
W0 =0 0 H 105 the> 14 1854 : T20 0
0 =0 0 9,6 10.5 43,9 15 1a3? M5 m . 9
@ =0 0 10.5 43,9 17 1334 ] 0
0 =C 0 105 L3.8 15 1840 vs 0
o0 -0 0 10.5 4%.6 14 18R7 MS 0
160 =0 0 10.5 4¥.8 14 1847 ¥ 0
60«0 0 10,5 43.5 14 1823 5 0
b0 =0 0 19,5 43,8 14 4RrQY 0
o0 =0 0 10.5 4&.0 15 1870 0 ;
) =8 0 10.5 44,0 24 1838 o 0 ,
o0 =140 99 10.5 3,5 30 2072 Goop ExarPLE OF P-3 0 :
1,6 =120 9a 705 43.6 30 20e3 TRAC 0 :
)0 =190 99 10.5 49.4 10 2063 kING SLIGHT ALTITUDE 0 j
bot <140 99 10,5 49.3 3) 2042 A CHANGES IN NEC-IIT AT 0 :
3,9 =130 99 10,5 43,5 30 2057 . 0 :
ok -140 99 10.5 43.4 T 2055 TRE oo FT 8oundaRy 0 i
1,9 =140 99 10.5 43.7 31 20M6 0 ;
Lt =170 99 10.5 43,7 30 2072 ]
2.0 -160 99 10.5 49,5 3) 2073 0 ;
2,5 «150 99 10.5 49,5 30 2077 0 |
’,9 -13% 99 10.5 49,7 10 7085 )
3.5. 160 99 105 43.7 0 2078 ]
b0 =150 99 17,5 43,3 30 2068 0
1,5 =162 99 10,5 43.6 *0 2090 0
b.0 =140 99 10.5 49,7 5o 2077 0

M=-2

o d




