© 1983 IEEE. Personal use of this material is permitted. However, permission to
reprint/republish this material for advertising or promotional purposes or for creating new
collective works for resale or redistribution to servers or lists or to reuse any copyrighted
component of this work in other works must be obtained from the IEEE.

This material is presented to ensure timely dissemination of scholarly and technical work.
Copyright and all rights therein are retained by authors or by other copyright holders. All
persons copying this information are expected to adhere to the terms and constraints
invoked by each author’s copyright. In most cases, these works may not be reposted
without the explicit permission of the copyright holder.



A TRAFFIC ALERT AND COLLISION AVOIDANCE SYSTEM FOR GENERAL AVIATION

Dr, Vincent A. Orlande, Leader
Dr. Jervy D. Welch, Assistant leader -
Dr, William H. Harman, Staff Member

Systems Design and Evaluvation Group
M.1.T. Lincoln Laboratory
Lexington, Massachusetts 02173

Abstract

One -component of the Federal Aviation Administra-
tion approach to jindependent aircraft separatioen
assurance is known as the Traffic Alert and Colli-
sion Avoidance Systes I (TCAS 1), which enploys
passive or active techniques for the detection of
nearby transponder-equipped alircraft. This paper
gives the results of a study conducted by Lincoln
Laboratory of simple techniques for the passive and
active detection of transponders.

potentially threatenlng alrcraft are described and
evaluated, These techniques and criteria were used
in a candidate passive detector whose performance
was evaluated in flight against targets of opportu—
nity. A candidate Jow-power active Ilnterrogator
was also evaluated through 1link calculations and
airborne measurements, The results indicate that a
low-power active interrogatar can provide more
reliable detection of nearby atrcraft and a lower
false alert rate than any of the siomple passive
techniques considered. The active technique gene-
rates insignificant levels of interference and,
unlike a passive system, also provides protection
in regions where there are no ground interrogators.

Introduction

TCAS Concept

In recent years the development of airborme collis-
fon avoidance systens has focused on concepts that
wmake use of the transponders carried for ground air
traffic service purposes and hence do not Impose
the need for special avionica on board the detected
aircraft, Such systems have the advantage tchat
they can provide licmediate protection agalnst col-
lisions involving a significant and growing fract-
ion of the afrcraft population.

A system baged on this technique is known as the
Traffic Alert and Collision Avoldance System
{TCAS-1). TCAS, like its predecassor BCAS (Beacon
Collision Avoidance System [1]), is designed to
provide protection against aircraft equipped with
both the existing SSR and future SSR Mode §
transponders. The fundamental purpose of TCAS is
to provide a separation assurance capabllity that
is able to operate in all airspace without reliance
on ground equipment. The TCAS concept encompasses
a range of capabilities that includes (a) TCAS I, a
low cost, limited performance version, and  (b)

Filter criteria
that may be used to restrict passive detections to

TCAS II, which s 4intended to provide a
comprehensive level of separation assurance in all
current and predicted alrspace eanvironments through
the end of this century.

TCAS 1

-~ TCAS I has the capability of detecting transmis~

sfons from nearby transponders and advising the
pilot when the characteristics of any transmission
indicate that 1t might be a threat. The replies
detected may have been elicited by ground station
interrogations or by spontaneous transmissions of
Mode $§ transponders (passive TCAS 1) or may have
tesulted from low power {interrogations transmitted
by the TCAS I equipnent itself {(active TCAS 1),

This paper focuses on suitable techniques for
detecting nearby tvanspenders while generating such
low levels of radlo frequency Interference that
unrestricted implenentation could be pernitted with
no uvadesirable interference effects to the current
or future SSR, It provides a comparison of simple
passive and active detection techniques,

Pagsive Detection

The principal problem with passive detection 1s
control of false alarms. As TCAS I operates in
higher traffic densities its effectiveness will be
reduced if it alarms frequently. Thus, some meauns
is needed to filter or restrict the triggering of
pilot advisories so they occur only on transmig-
sions received from potentially threatening alr-
eraft, that is, alrcraft that are close in both
range and altitude, There are only a lioited
nunber of characteristics of a passively received
reply that can be used az simple filter criteria.
The most useful appeared to be:

1. Received power: Recelved power can be used two
waysi: a) the recelved power can be compared to a
fixed threshold to reject transmissions from air-
craft at long range, b) power may be tracked to
determine how range is changing as a function of
time.

2. Arcraft altitude: Transnigsions from off-
altitude aircraft may be rejected two ways: a) the
inherent off-altitude rejection provided by the
aircraft antenna patterns may be used, b) the
altitude code may be detected and compared with own
altitude,
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3, Time-after-interrogation:t If an afrcraft is
cloge and in the same ground interrogator beam as
the TCAS I ailrcraft, vange information may be
fnferred by comparing the time-of-arrival (at the
TCAS 1 alreraft) of its transponder reply with the
TCAS 1 transponder teply time,

Thus there are five distinct simple technigues for
detection filtering based on these three character-
istica.
thig seetion and an indication of expected perform-
ance is gliven.

Received Power Thresholding

The purpose of power thresholding is to distinguish
between aireraft that are within a given wvolume of
local airspace and those that are outside of this
volume. Unlike the active mode of alrcraft detect—
{on, in which replies from distant aircraft can be
eliminated on the basls of time delays (i.e.,
range), passive mode detection does not have a
direct measure of detection range.

The use of a power threshold criteria filter is
complicated by the large variance in transponder
reply power and transponder antenna gains observed
in actual aircraft Installations. The variation of
the detected power from a population of general
aviation alrerafr, all at the same range, has heen
found to be more than 20 48 [2]. Ome consequence
of the large variation in received power from
transponder to transponder is that when the thresh-
old 1s set to detect wmost alrcraft at a nominal
close range, some atrcraft will still be detected
at long ranges., Table I summarizes this effect,
showing calculated detection performance for a
nominal sensitivity setting of ~57 dBm based on
data from Ref. 2. It tabulates the range for a
givéa detection relfabilicty Cfor the two types of
targets. The detection range is greater for air
carrfer targets because thelr transponders are, oo
average, more powerful.

TABLE 1

RANGE PERFORMANCE (CALCULATED) FOR
RECEIVED POWER LEVEL THRESHOLDING TECHNIQUE

Range For A Given Detection Reliability

Target Type | Detection Reliability
90% 50% 10%
Gen Aviation |1.5 omi|2.8 nmi 5.5 omd
Afr Carrfer 3.3 nmil5.9 omill0.5 ond

Table 2 shows the maximum closing speeds that
could be handled while providing a 30-gec warning.
The resulting closing speeds at the 50X-reliability
range are 340 kt for general aviation and 710 k¢
for air carrier targets. These are about the
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highest closing speeds a GA aircraft would expect
to encounter. However, the general aviation clos-
ing speed handled at the 90%Z-reliability~range of
1.5 mile 4s only 180 kt. Thus, some of the targets
will not be detected early enough to provide a
30~second warning.

“TABLE 2
RFORMANCE {CALCULATED) FOR

ENCOUNTER SPEED PE
R LEVEL THRESHOLDING TECHNIQUE

E
RECEIVED POWE

Maxinum Encounter Speed for
30~Second. Warning

Target Type Detection Reliability
902 50% 10%

Gen Aviation 180 Kc 340 Kt 660 Kt

Air Carrier [400 Kr | 710 Kt [1260 Kt

Received Power lLevel Tracking

While the large varlance in the received power
level of a population of transponders makes it
difficult to determine range based oo absolute
power measurements, one can also measure the power
variation observed versus time from a single trans-

.ponder to attempt to {identify transnissions re-

ceived from approaching aircraft and to reject
those recelved from departing aircraft. If all
other - link factors are constant, an increase in
received power of 6 dB over a time T weans that the
range to the detected alrcraft has decreased to one
half its original value and that the range will
become zerc in the next interval of T seconds if
the radial speed remains constant, This indicates
that Tau (the time to closest approach) <can be
expresged as a functfon of differential received
power and measurement time. An equation for Tavw as
a function of differential recefved power (AP)
observed over a time {At) is shown 1in Table 3.
Values of Tau in seconds for several values of AP
and At are algso shown.

In order to evaluate the accuracy of Tau estimationm
based on power tracking, an analysis was performed
on air-to~alr surveillance data for seven planned
encounters, During these encounters the threat
aircraft was actively interrogated at & rate that
pernitted range to be measured as a function of
time go that true Tau could be calculated.

While there was significant scattering of the power

tracking Tan ectimate compared to the true Tau_  twe

we Tau_ twe
conclusions were noted:

1. The estimate of coverging/diverging status was
correct most of the time.

2., A small wvalue of estimated Tau was usually an
indication of a true threat condition, 1i.e., true
Tau less than 30 seconds.
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TABLE 3.
TAY {7) DERIVED FROM POWER TRACKING

.1
T O et o ot i o
(&p/20}
1-10
Power Diff, 0P Time Difference, &t
(dB) {Sec}
-1 4 6 10
6 1 4 & 10
4 2 7 10 17
2 4 15 23 39
0 L] - - -
-2 -5 | -19 {-23 [ -a9
-4 -3 -it . { ~16 ~27
-6 -2 -8 =12 ~20

These observations are illustrated in Table 4 where
the sample measurements are categoriged by average
power change over a six—second time interval. For
example, the first row indicates that of 12 casges
where a +6 dB increase in average power was meas—
ured in one six-second interval, 10 of the cases
occurred where the true Tau was < 30 sec and 2
occurred when the threat afircraft was diverging.

It should be noted that power tracking regquires
reply~to-reply correlation. This correlation is
easy for Mode § replies because of the unique
address code. It is somewhat difficult for Mode C
or discrete code Mode A replies and very unreliable
for other ATCRBS cases when there are enough
ajrcraft present to result in a filnite probablility
that two or more targets have the same code.

Alrityde Discriminaticn by Antenna
Pattern Filtering

Measurements of typical transponder antenna pat~
terns {3, 4, and 5] 1indicate that 1f both the

transponder antenna and the passive Cransponder
detector antenna are bottom mounted, the vertical
coverage of the power thresholding technique des—
cribed above is restricted by antenna patterns and
air frame blockage to roughly % 5000 fr {f the
target is a GA aircraft, and * 12000 ft 1f it 15 an
air carrier aifircraft as shown in Fig. 1. Alr-
to—alr measurements demonstrat(ng this effect ate
shown in Fig. 2.

Altitude Code Filtering

The second way to filter off-altitude targets is to
determnine the code contained in the detected reply.
This detection ig more Teliable if a top-mounted
antenna is used since this improves the protection
from code errors duc to multipath, Mode A replies

are of no value sgince they contain no altitude
data. Unfortunately, ATCRBS replies are not
uniquely labelled as Mode A or C. Some Mode A
replieg can be rejected by checking the code bits
and rejecting those that contain 1]legal altitude
codes, Rejecting those combinations will not elime-
inate all Mode A replies. Fortunately, all 1200
code replies are illegal. Further, the probability
of a discrete Mode A code causing an altitude alert
appears small and has not been observed in the data

analyzed.

The overlay of a t 1000 foot altitude code filter
on the antenna patterns of Fig. 2 is ghown in
Fig. 3. It 18 seen that the technique appears wost
useful when detecting the higher-power alr carrier
atrcrafe, which -are all equipped for altitude
reporting. '

TANLE A,
PONER TRACKING MEASUREMENT FERFORMANCE
{hused on Sr * & Ssconds)

. Prob. of
F14 True Taw Provabilivy Correct
t True Tau o/ Div,
i) < 30 wec | ¥ 30 sec | Opposite Sense | & 30 wec Zacegary |-
> 6 13 o 2 . 0.83 0,83
$ 1 1 2 - 0,13 V.50
& 19 3 | 0.1 0.9
] 5 s K 0,50 - 100
2 L] 3] H .O.l’ 0.9
1 [} E2 [ .12 - c.82
L] ] F+ L] 0.04 -
-1 1 1 ? 0.0 0,33
-2 Q 1 1 [N 0,92
-3 ] 3 ] 0.0 1.00
- ] & 1 C 017 0.83
»=5 0 ] ° 0.0 1.00
Total ar 1k F1)
Data
Polnta

Fig. 1 Antenna pstiern filterlng,

20.4.3



BOTTOM ANTENMA
KEY '
LOGATION OF A TARGET A/C
wenmarrerreren  REGIOM WHERE LOW-POWER
sl WHTERROGATIONS ELIGITED
REMLES
[ ]
==
"l

\

RELATIVE ALTITUDR, FY X 107
"

-l

Fig. 2 Antenns psttsra Mitering resnite, bottom antenna.

ALTITUDE CODE FLTER DETECTION YOULAE COMPARED TO ANTEMNNA PATTERN FR.YEAING

£ 1000 FT GA= 28% ACe 2%
Fig. 3 Alttude code filtaring.

Time-After~Interrogation

The principle used in time-after-interrogation fil-
tering is shown in Fig. 4. A TCAS I .aircraft (A)
and a threat aircraft (B) are both . illuminated by
the bean of a ground Interrogator. The. ATCRBS
interrogation arrives first at the TCAS I aircraft

and a short time later at the threat atircraft, The
reply generated by the threat aircraft {s seen to
arrive at the TCAS 1 afrcraft in  the interval
following the TCAS I reply. The fact that the
TCAS I aircraft replies to the same Iinterrogation
as the threat afrcraft limits the closest range
from which replies can be received due to what can
be called the "ATCRBS blind spot effect™, For
example, if the alrcraft are close together, the
reply from cthe threat aircraft can be received at
the TCAS I alrcrafc while the TCAS I transponder is
itself transmitting a reply and blanking the TCAS I
receiver, .

TeAS I [ L= ] BRoLY

THREAY B AT -

Fig. 4 Timo~after-interrogation filtering.

The general geometry for the ATCRBS blind spot
effect is shown in Fig. 5. Two envelopes are
shown, The outer is the blind spot envelope for
which the threat reply would overlap some portion
of the TCAS I reply, the inner envelope 1s for the
clear detection of only the F2 pulse of .the threat
reply. It %5 obvicus that a pulse detection
approach must be used if the blind spot envelope is
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Fig. § Time~aftar-terrogation biind spot gecmatry,
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to be kept small enough to allow detection of
aireraft within 2 oiles. The outer envelope also
gives an indication of how the acceptance volume
changes relative to the location of the ATCRBES
{nterrogator, If the listening window 18 set te
accept puises from aircraft up to 2 nmi farther
away from the interrogator than the TCAS I air-
craft, the acceptance volume increases as the
threat range decreases with respect to the ATCRBS
interrogator.

With one ATCRBS interrogator, passive detection
provides a useful reduction 1in acceptance volume

compared to the power thresholding technique. When’

a sécond Interrogator is considered, the effective-
ness of passive detection 1imn reducing acceptance
volume decreases because the resultant accepiance
volume 13 the union of the acceptance volumes for
each interrogator. With more than 3 or 4 interro—
gators, the time-after-interrogation filter appears
to provide very little additional filtering compar—
ed to the power thresholding technigque. An example
of this wmlti-interrogator effect 1s showa 1n
Fig. 6, which compares the alert rate measured at
8500 feet 1In the Boston area using only power
thresholding with the rate measured when using
power thresholding and time-after-interrogation
filtering. For these reasuremente the time—
after-interrogation acceptance window was set at 2
nmi. The figure shows nearly equal alert rates for
the two techniques.

DMOUTE AT 8500 PEET

wgy frd TOTAL AFTER POWER TIEmICLONE
B2 movasartn srven suvaren.

N
D

—

H
\Y

?27

© Bupport power ctracking.

_

N . =
|

Tiat tn wevTN
Fig. 8 Time-after-interrogation fRtaring perf:
Boston ares.

A seclous false alarm mechanisa for the techalgus
occurs for ATCRBS targets at altitudes up to around
5000 ft. At these altitudes, backscatter multipath
from the TCAS I transpoader®s reply may have suf-
ficient amplitude to be detected in the listening
window. An  example of the effect is shown 1n
Fig. 7. A substantial number of pulse detections
above the —57 dBn threshold are seem to occur up to
4500 feet with some pulses still detected at 5000
feet.

Evaluation of Filter Criteria

Mermn ~f tha
Wi Ui Tad

TG he te 1 srudfad r uncuitahle dos
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ng ATCRBS replies:
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g ]
[
=
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Reply correlation 18 needed to
This correlation becomes

Power Tracking —

very unreliable for non-Mode C and non-
discrete-replies ia higher density alrspace vhere

Eiltering 13 needed most.

Tioe-After-Interrogation — At low altitude, ATCRES
detections will be unreliable due to backscatter
rmultipath. At high altitude the performance will
be reduced due to the facr that the TCAS I will
become vigible to more interrogators. The filter
will be least effective In an area with a high
interrogator density, where filtering is needed
nost.

The three remaining fllter ecriteria (power level
threshelding, antenna pattera and alitude code
filtering) formed the basis for measurements of
passive detector performance using the following

techniques:

1. Continuous listening except during owvn trang~
ponder replies.

2. Recelved power thresholding with a nominal sens-
itivity of ~57 dBa.

3, Altitude code filtering to: (1) reject replies
outside a npominal * 1000 foot band, ‘(2) reject

I.'epl.les with invalid altitude coaes, and \JJ accepc
replies with eapty Mode C brackets,

It does not appear feasible to use  both antenna
pattern and altitude code filtering in a passive
detector with a single antenna because the bottom—
mounted antenna location required for antenna pat-
tern filtering will lead to frequent multipath-
induced bit errors in the detected Mode C code.

Experience with passive detection has indicated a
high alarm rate if an alert 1s triggered on every
accepted rteply. False brackets are frequently
synthesized by pulses of closely-spaced ATCRBS
replies, It 3is therefore necessary to set a
minimunm threshold on the nucher of replies per
second that nust be received to trigger an alert.
Since a terminal sensor elicits approximately 12-16
replies per beam dwell and may use an interrogation
sequence of Mode AfMode A/Mode €, the highest fixed
threshold that can be used when there is only 8
single interrogator iIs 4 Mode ¢ replies iIn a

. one-gsecond laterval.

[ 1.
i
5z
52
£
a
2 "
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Once an alert has been triggered, the alert should
stay on for 5 seconds to provide the pilot the
oppoertunity to observe i{t, and to avoid continuous
retriggering in the case where the replies are
being elicited by a single terminal 1nterrogator
and thus are only recefved once per scan,

Pasgive Detection Performance Measurements

Two sets of in-flight performance measurements on
targets-of-opportunity were analyzed 1in order to
quantify the performance of the passive detector.

l. Active/Passive - The equipment was configured
to interleave active TCAS II interrogations with
passive listening once per second. The active data
provided the true target information geeded to
evalvate pasgive detection acquisition range, warn-
ing time and false alarm probability.

2. Passive Only - The equipment was configured to
operate as a real-time TCAS I equipment and measure
alert rates on two flights from Boston to Hhshing-
ton.

Active/Passive Measurements

Data’  on targets-of-opportunity were collected at
8500 feet 4in the Boston area. The following
results are based on an analysis of one-hour and
twenty minutes of flight data.

Perfornance Results

The data yielded approximately 2000 aircraft-
seconds of data on 35 different aircraft, To
increase the sample size, calculations of acquisit-
ion range and warning time were performed on the
total set of aircraft regardless of the results of
altitude filtering. The following performance
measurenents were calculated from this set of data.

Acquisition Range - The range at which the passfve
reply count initially exceeded four replies/second
was determined for each of the 35 acquired air-
craft. The results are plotted as an acquisition
range histogram in Fig. 8. Only two of the air-
craft in the sample were non~Hode C equipped and
are presumably general aviation aircraft. Note
that cthese two aircraft were dJdetected at close

range (as predicted by the link calculatfons).

Warning Time - The time from 4nitial acquisition
until the time of closest approach was noted for
the 10 airecraft in the sample whose minimum range
was 3 nni or less, since this would be the subset
of most immediate interest to the pilot of the
TCAS I aircrafc, The results are presented in
Table 5.

Probability of Surveillance Faise Alarm - Alerts
due to Mode C detections were very reliable. Unly
5% of the alert time could not be correlated with
active traffic measurements. A ouch higher false
alarm rate was noted for non-Mode C alerts. With a
threshold of 4 replies/second, 53 of the alert
time caused by non-Mode C detectlons could not be
correlated with traffic detected by active measure-
ment,

wev:mooec [ ]
NON MODE

NO. OF AIRCRAFT ACOURED
[ ]
T

w27

WHTIAL ACQUISITION RANGE (N0

Fig. 3 Power thwvesholding acquisition performance.

TABLE 5,
PASSIVE DETECTION WARNING TIME.

(TARGET WLITH MINIMUM RANGE < 3 MMI1)

ACQUISITION MINIMUM WARNING
RANGE RARGE TIME*
{NmM1) {NML) (SEC)

5.5 1.5 30
2.7 2.5 S
3.0 3.0 0
2.8 2.8 0
3.2 3.0 5
7.5 0.7 125
0.5 0.5 0
2.0 1.6 20
1.8 1.1 20
2.8 2.6 20

*Time of Alert Prior to Tipe of
Closest Approach

Alert Rate - Figure+9 shows the alert rate perform—
ance for the 80 minute flight in terms of the
perceat of time the alert was “on“ for each of 10,
B-minute {ntervals. Results are shown with and
without altitude code filtering and demonstrate the
effectiveness of code filtering in reducing alerts
in environmeats with high Mode C equipage.

Passive Only Measurements with Bottom Antenna

Passive data on targets-of-opportunity were con-
ducted on flights from Boston to Washington, where:
(1) a Mode C acceptance band of & 1500 feet was
used, and (2) the antenna was botton-mounted.
Reaults for one flight are shown in Fig. 10. Note
the high alert rates over New York and on descent
into Washington National Airport.
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low Power Active Detector

An interference analysis was conducted to explore
the possibility of using an actlve proximity de-
tector for TCAS I, The purpose of the analysis was
to determine a power level that could be used by
TCAS I aircraft in the highest density environments
and still cause no significant interference effects
on the eunvironment. The calculation (which was
based upon the Los Angeles high density model 16}y,
assumed that one-half of all aircraft were active
TCAS I equipped, and allowed the total fnterference
effect of TCAS 1 operation to be 10X of the
tuterference caused by TCAS II operation. The
results of the analysis indicate that an active
TCAS 1 using a time—power product equivalent to one
S-watt Mode C interrogation per second has neglig-
ible impact on the SSR system. This is equivalent
to a l0-watt Mode C interrogation every two sec~
onds, etc. [7].

T
NEW YORK s one

Calculated Performance

A link analysis was performed for a low powver
TCAS 1 interrogator in order to estimate the pos=
sible utility of this technique. This analysis
also includes the performance of a 4-watt Mode C
interrogation once per second since measured data
at that power level were already available.

The ctalculated performance 1is shown in Table 6.
Performance out to the range of principal interest
for- visual acquisition (about 2 nmi) is seen to be
adequate,

TABLE 6

CALCULATED VALUES OF TRACKING PROBABILITY
FOR A LOW POWER TCAS I DETECTOR

Range Intercogator Power (at antenna)

(nmi) |4 watts|5 watts|10 watts]20 watts

1 0.90 0,93 0.97 0.99
2 0.67 0.72 0.84 0.93

3 0.47 0.53 0.69 0.33

4 0.33 0.38 0.56 0.72

Heasured Performancs

Data for a flight from Boston to New York and
return were analyzed 1n order to obtain measure-
ments of performance of a low power active TCAS 1
in an actual in-flight environment. Attention was
focused on the enroute portion of the flight, at

8000 feet southbound and 9000 feet northbound. A& —

total of 70 minutes of flight was examined, which
provided data on 16 aircrafe targets—
of-opportunity. TCAS II surveillance data from
both top and bottom antennas were used to establish
range/altitude truth. Replies from just the lowest
level {4 watt) interrogation from the top antenna
were examined to identify the portions of each
flight path during which low power interrogations
wer= spuccessful, Figure 11 gives results for one
leg of the flight. 1In Fig. 12, the results for
aireraft within the prineipal threat =zome (% 10%)
have been presented in terms of probability of
successful detection for each one-nmi range band.
Also plotted is the calculared performance. The
match between alrborne measurements and the calcu-
lated performance is good considering the nunber of
tracks observed.

Sucmar

Passive Detection

Several simple techniques for passive filtering
were evaluated, fThose that were found to be useful
were combined in a candidate passive detector that
was evaluated with flight test data, The results
show thar initial acquisition ranges can vary from

20.4.7



KEY

LOCATION OF A TAROET J0C

wrstdrtrenne  AEQION WHERE LOW-POWER
WNT
REPLES (4 WATTE, TOP ANTENNA)

ALTITUGE (FEET)

10000 | =

-1

RANGE Doty

% PERCENT OF ARCHAFT FROM WHICH REPLIES ARE
ELICITED BY A 4-WATT INTERROGATION, FOR
AFCRAFT WITHM : 10° IN ELEVATION ANGLE

Fig. 12 Active TCAS performance as a function of range.

one to eleven miles and demonstrate the difficuicy
of the passive detection technique to effectively
discriminate alrcraft range. Altitude code filter—
ing 1is an effective technique for reducing the
alert rate in environments of high Mode C equlpage.

Active Detection

It appears feasible to use a low power interrogator
to greatly improve alr-to-air surveillance perform-
ances. = A time-power product equivalent to one
S5-watt Mode C iInterrogation every second 1s low
enough fin power and rate that all {interference
effects resulting from these interrogations are
acceptably small,

A limited set of data evaluated for a low-power
active Interrogator agreed with calculated link
performance and showed adequate performance out to
about 2 nmi{ for a 4-watt {interrogator. Performance
at 2 nni and beyond could be enhanced by increasing
the power and decreasing the interrogation rate.
One 20-watt interrogation every four seconds would
seen Lo be a suitable design. The false alarm rate
of the active detector should be low, due to the
use of range gating and a top-mounted antenna. If
Tau calculations are performed, the false alarm
performance of the active TCAS I should be accept-
able.
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