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SECTION 1

INTRODUCTION
1.1 BACKGROUND

During the past several years, the Electromagnetic Compatibility Analysis
Center (ECAC) has supported the Federal Aviation Administration (FAA) by
predicting the effects of various airborne Collision Avoidance Systems (CAS)
on the existing FAA Air Traffic Control Radar Beacon System (ATCRBS) and the
planned Mode S system.1'2 In FY-81, ECAC investigated the effects of an
omnidirectional version of the Traffic Alert and Collision Avoidance System
{TCAS) on ATCRBS and Mode S system performance in a hypothetical Los Angeles
Basin air traffic deployment and in subsets of that deployment.3'4 For those
air traffic deployments, it was predicted that TCAS activity would not degrade
ATCRBS or Mode § ATC system performance; however, interference-limiting
constraints resulted in undesired reductions in the protection volume of TCAS-

equipped aircraft that were operating in densely populated airspace.

To maximize the protection area for TCAS-equipped aircraft operating in
future high-density environments, the FAA proposed a new TCAS design. This
design includes a directional, scanning antenna, improved Mode S tracking

-algorithms, a modified whisper-shout sequence (to maintain surveillance of

1Theberge, Norman, The Impact of a Proposed Active BCAS on ATCRBS Performance
in the Washington, DC, 1981 Environment, FAA-RD-177-140, FAA, Washington,
DC, September 1977, ADA 048589.

2Gettier, C. et al., Analysis of Elements of Three Airborne Beacon Based
Collision Avoidance Systems, FAA-RD-79-123, FAA, Washington, DC, May 1979,
ADA 082026. :

3Hildenberger, Mark, User's Manual for the Los Angeles Basin Standard Traffic
Model Card Deck/Character Tape Version, FAA-RD-73-89, FAA, Washington, DC,
May 1973, ADA 768846.

4Patrick, G. and Keech, T., Impact of an Omnidirectional Traffic Alert and
Collision Avoidance System on the Air Traffic Control Radar Beacon System and
the Discrete Address Beacon System, FAA/RD-81/106, FAA, Washington, DC,
November 1981, ADA 116170,
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ATCRBS—equipped aircraft), and associated revisions to the interference
limiting algorithm.5 The design was chosen to reduce the extent of
interference limiting and thus allow TCAS-equipped aircraft to successfully
perform the collision avoidance function in even the most congested airspace
and also to reduce the potential for interference with ground-based ATC

-

systems.

Three versions of TCAS have been proposed: Enhanced TCAS II, Minimum
TCAS II (TCAS II M), and TCAS I. Enhanced TCAS is still in the design phase,
and as such, is not addressed in this study. TCAS II M is capable of
omnidirectional Mode S surveillance and limited directional ATCRBS
surveillance, TCAS II M-equipped aircraft track nearby ATCRBS transponder-
equipped aircraft by periodically eliciting replies using an ATCRBS~-only
interrogation format; nearby Mode S transponder-equipped aircraft are tracked
by periodically eliciting replies using a Mode S interrogation format. The
TCAS II M is designed for use in commercial aircraft. TCAS I, a less
expensive version of TCAS, locates nearby aircraft, both ATCRBS- and
Mode S-equipped, by periodically eliciting replies using an ATCRBS
interrogation format. The TCAS I is designed for use in general aviation

aircraft.

To investigate the effects of TCAS I and TCAS II M operations on ATCRBS
and Mode S ATC performance, ECAC was requested to perform a simulation
analysis, similar to the FY-81 Los Angeles Basin study. This analysis was
performed using the TCAS Signal Environment Model (SEM).6 This model is used
to predict the time-average rates at which TCAS signals are received at ATC

transponders in a given deployment. These rates are then used in the

5radio Technical Commission for Aeronautics, Minimum Operational Performance
Standards (MOPS) for Traffic Alert and Collision Avoidance System (TCAS)
Airborne Equipment, RTCA/DO-185, Washington, DC, September 1983.

6Patrick, G. et al., The Impact of a Traffic Alert and Collision Avoidance
System on the Air Traffic Control Radar Beacon System and Mode S System in
the Los Angeles Basin, DOT/FAA/PM-84/30, FAA, Washington, DC, May 1985,
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DABS/ATCRBS/AIMSa Performance Prediction Model (PPM)7 to merge the TCAS signal
environment with signals due to ground-bhased ATC systems. The
DABS/ATCRBS/AIMS PPM then predicts the performance of a selected interrogator-

of-interest in the composite ATC and TCAS signal environment.

This document describes the TCAS SEM. Included are descriptions of the
modeled systems, the data-storage and retrieval subsystems for engineering
data, and the software structures of all component subsystems. The results of
the FY83/84 TCAS SEM simulation exercise using Los Angeles Basin air traffic

deployments are presented in the document cited in Reference 6.
1.2 OBJECTIVE

The objective of this effort wags to document the TCAS Signal Environment
Model (SEM) that was developed to predict time-averaged TCAS I and TCAS II M
signal rates in a given air traffic deployment.

1.3 APPROACH

1.3.1 Design Rationale

The TCAS SEM was developed to bhe used in conjunction with the
DABS/ATCRBS/AIMS PPM to predict the performance of ATCRBS and Mode S ATC
systems in an environment including both TCAS and ATC system surveillance
activity. The TCAS SEM simulates TCAS surveillance operation and predicts the
time-averaged rates at which TCAS signals are received at all environmental
ATC transponders. These rates are then accessed by the DABS/ATCRBS/AIMS PPM
during a simulation exercise, and merged statistically, using Monte Carlo

techniques, with the deterministically produced signal environment associated

4The Discrete Address Beacon System (DABS) was renamed Mode S after the
completion of the DABS/ATCRBS/AIMS PPM.

7Crawford, C. R. and Ehler, C. W., The DABS/ATCRBS/AIMS Performance Prediction
Model, FAA-RD-79-88, FAA, Washington, DC, November 1979, ADA 089440.
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with ground-based ATC and surveillance operations. The DABS/ATCRBS/AIMS PPM
then predicts the performance of a user-selected interrogator-of-interest (IO)

in the composite ATC and TCAS signal environment.

This method of statistically merging the TCAS signal environment with the
ATC environment is permissible since the time variations in TCAS signal
activity are relatively small in comparison to variations in ground-based ATC
signal activity. Specifically, ground-based ATC systems employ highly
directional scanning antennas; consequently, there are periods when an
aircraft is not within the mainbeam of a single interrogator, and periods when
the same aircraft is simultaneously with the mainbeams of several
interrogators. This phenomenon leads to large scan-to-scan signal rate

variations.

The TCAS I and TCAS II M do not produce large time variations in signal
activity. The proposed low power, active TCAS I transmits one ATCRBS
interrogation/sequence per second on an omnidirectional antenna.8 To sinmplify
the analysis, TCAS I is modeled in the TCAS SEM as transmitting one
interrogation per second. TCAS II M transmits the ATCRBS interrogation
sequence once pef second on a wide-beam (BW < 130°) antenna which is
electronically steered to four positions (forward, left-side, right-side, and
aft), TCAS II M transmits Mode S interrogations on an omnidirectional
antenna. The Mode S interrogation rate transmitted by a given TCAS II
M-equipped aircraft is a function of the number of Mode S-equipped aircraft
within approximately thirty nautical miles. Since the changes in air-traffic
density throughout the LA Basin deployment have been shown to be negligible
during the 10-scan (46 seconds) DABS/ATCRBS/AIMS simulation, TCAS rates are
relatively constant. In view of these considerations, the compatibility of
TCAS I and TCAS II M with ATCRBS and Mode S can logically be analyzed using

this statistical approach.

8Welch, J. D. and Harman, W. H., Improved TCAS I for Pilot Warning Indication,
AIAA/IEEE 6th Digital Avionics System Conference, December 1984, pp. 593-596.
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1.3.2 Simulation Execution

The execution sequence for the two models is illustrated in Fiqgure 1-1,
The user first executes a 10-scan DABS/ATCRBS/AIMS PPM simulation to estimate
the time-average rates at which ATC interrogations and suppressions arrive at
each aircraft within a given deployment. These rates are then used within the
TCAS SEM to estimate the mean reply efficiency and reply rate of each
transponder. The TCAS SEM uses the transponder reply efficiency and reply
rate to estimate TCAS II M Mode S surveillance activity. This is accomplished
as follows. The TCAS II M surveillance protocol requires that a TCAS II M-
equipped aircraft elicit a decodable Mode S reply once per second from all
other Mode S-equipped aircraft within approximately 7 nmi, and at a rate which
decreases monotonically with range for aircraft beyond 7 mmi. The efficiency
with which a TCAS II M elicits decodable replies is related to the local fruit
rate, which is a function of the local air traffic density and the local
transponder reply rate. The number of interrogations required by a given TCAS
IT M to elicit a decodable reply therefore increases with increases in the

local fruit rate.

This background signal environment must therefore be specified in order
to accurately predict TCAS II M Mode S surveillance rates. With these input
parameters, the TCAS SEM is exercised to simulate two minutes of real time? to
predict the time-averaged rates at which TCAS I and TCAS II M signals arrive
at each transponder. The DABS/ATCRBS/AIMS PPM uses these TCAS signal rates as
a basis with which to merge TCAS signals with those due to ground-based ATC

systems.

1.3.3 Report Organization

The remainder of this report is divided into two sections and three
appendixes. The modeled TCAS and ATC transponder systems are discussed in

Section 2. Section 3 contains a tree diagram of the program control flow

4This is a sufficient time to allow any model-induced transients to decay.

1-5
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and detatled descriptions in Program besign Language (PDL) of each subroutine
in the model. The PDL replaces the flow-chart method of documenting sof tware
and gives a more detailed and accurate description of the code. A PDL was
written for the driver and each subroutine in the TCAS SEM, and each includes
the following elements: Purpose, Inputs, Procedure, Outputs, Variables of
Interest, and Process. The first four elements of the PDL contain general
information about the program segment: its function, its inputs, the
procedure by which it achieves its function, and its outputs. The last two
elements contain specific information about the code and were provided to ease
understanding and modification of the code by the programmer. Specifically
included are a definition of the variables used in the program segment and

pseudo-code that explains the coded listing in a nearly line-by-line fashion.

APPENDIX A contains a data dictionary containing all the common variables
in the model. APPENDIX B lists a fully commented ASCII FORTRAN version of the
model, and APPENDIX C illustrates the procedure for executing the model and a

sample of its output.

1-7/1-8
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SECTION 2

MODELED SYSTEMS

2.1 INTRODUCTION

This section contains a brief description of the technical
characteristics and surveillance procedures, as modeled, of TCAS I and
TCAS II M. This is followed by a description of the modeled ATC transponder

systems.

2.2 TCAS OPERATIONS AND TECHNICAL CHARACTERISTICS

2.2.1 TCAS II M

TCAS II M is an airborne system that is designed to use existing ATCRBS
and Mode S signal formats to perform the collision-avoidance function.
TCAS II M tracks ATCRBS-equipped aircraft in its vicinity via the whisper-
shout power management technique. Nearby Mode S-equipped aircraft are tracked
via discrete Mode S transactions. The ATCRBS whisper-shout surveillance
sequence is transmitted once per second. The Mode S transaction update
frequency is related to the position of the Mode S equipped aircraft relative
to the position of the TCAS II M. Mode S and ATCRBS surveillance procedures
are discussed in detail below. TCAS II M characteristics are given in

TABLE 2-1.

2.2.1.1 Mode S Surveillance Process. Initially, each Mode S aircraft is

assumed to be in the null state. Upon detection of a squitter, the aircraft
is placed in the squitter state. If a second squitter is received within

16 seconds of the first, the aircraft is placed in the acquisition state,
unless the altitude separation is greater than 9000 feet, in which case the
intruder aircraft remains in the squitter state. A target aircraft is purged
from squitter processing if a second squitter reply is not received within

16 seconds of the first reply. These replies may be either replies elicited

by another TCAS II M-equipped aircraft or unelicited replies.
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TARLE 2-1

TCAS [I M CHARACTER[STICS

Charcteristic Mode S ATCRBS

Mean Standard Deviation Mean Standard Deviation
Peak Radiated Power® 54 dBm 0.5 49 4Pm 0.5
Sensitivity? -77 dBm 0.75 -74 dBm 0.75
Antenna Type9 Omnidirectional Directional (130°)

a . P . .
Transmitter power and sensitivities were assigned using a normal
distribution.

At sum-difference crossover points.

While the aircraft is in the acquisition state, TCAS II M interrogates to
determine if the aircraft should be placed in the roll-call or dormancy
state. The number of interrogations transmitted during acquisition is a
function of the TCAS II M ability to receive and correlate replies from the
intruder Mode S aircraft. There are four acquisition trials, each consisting
of six one-second scans. TABLE 2-2 shows the maximum number of failed
interrogations allowed during each of the four trials. For example, during
the first scan of the first trial, TCAS II M may transmit as many as four

interrogations (one successful, three unsuccessful).

If two correlating replies are received during any trial sequence, the
intruder aircraft is placed either in the dormancy state or in the roll-call
state. The aircraft is placed in the dormancy state if TCAS II M estimates
the "Time to Endanger” (TE = range/maximum closure rate) to he greater than

43 seconds; otherwise, the intruder is placed in the roll-call state.

If no replies are received during any one of the trials, the intruder

aircraft is returned to the squitter state for a period not to exceed 40

9Lee, J., Data Package for TCAS-II Antenna, R-3761-10266, Dalmo Victor
Company, 29 March 1982, (Proprietary Data).

2-2
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TARLE 2-2

MAXIMUM NUMBER OF FATLLED INTERROGATIONS ALLOWED DURING
BACH SCAN OF ‘THE ACQUTSITION ‘PRIALS

Acquisition Trial
Scan 1 2 3 4
1 3 2 1 1
2 3 2 1 0
3 3 2 1 0
4 0 0 0 0
5 0 0 0 0
6 0 0 0 0

seconds. Upon the return of intruder aircraft to squitter state, a running
sum, 1initialized at 0, is maintained. The sum is decremented by one for each
succeeding scan that a squitter is not received and is incremented by an
amount as shown in TABLE 2-3 for each scan that a squitter is received. The
intruder is purged from the squitter state and placed into the null state when
the value of the running sum becomes less than or equal to -40. It is
transferred to the acquisition state whenever the running sum exceeds 0 unless

the altitude separation is greater than 9000 feet.

TABLE 2-3

INCREMENTS BY SCAN TO SQUITTER SUM FOR CLEAR
RECEPTION OF SQUITTER

Scan 0 1 2 3 4 (or more)

Increment 20 16 8 4 2

Aircraft assigned to the dormancy state are not interrogated. The
aircraft remains in the dormancy state for a period of time equal to TE minus

40 seconds. After this time, the aircraft is placed in the squitter state.
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If the aircraft is assigned to the roll-call state (i.e., the TE is less
than 43 seconds), TCAS IL M interrogates the intruder each second to update
its track record. TABLE 2-4 shows the maximum number of interrogations
permitted to elicit a decodable reply during each one-second scan. This is
referred to as the ten-second roll-call sequence. If the entire ten-scan
sequence elapses with no valid reply, interrogations to the intruder aircraft

are terminated, and the aircraft is returned to the squitter state.

TABLE 2-4

MAXIMUM INTERROGATIONS ALLOWED DURING EACH ROLL-CALL SCAN
TO ELICIT A DECODABLE REPLY

Maximum Number

Scan of Interrogations
1 5
2 4
3 3
4 2
5 2
6 2
7 2
8 2
9 2
10 2

2.2.1.2 Whisper-shout ATCRBS surveillance. The current TCAS II M design

employs a four-beam directional antenna on top of the aircraft and an
omnidirectional antenna on the bottom of the aircraft. Each TCAS II M-
equipped aircraft tracks ATCRBS-equipped aircraft via the whisper-shout power

management technique shown in Figure 2-1.

This technique uses directional interrogations from each of the four
beams of the top antenna. The interrogation sequence starts with a lower
power interrogation level (26 dBm) and proceeds to higher power interrogation
levels in t1-dB increments. A total of 83 whisper-shout interrogations are
transmitted each second unless interference limiting adjustments are

required. Interrogations are eliminated from the sequence in the order shown
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S..I
S.I
S..I
S.I
S..I
S.TI
.1
I

TOP
ANTENNA

LEFT & RIGHT
DIRECTIONS S..I
S.T

S..1

S..I

S.I
S..I
S.T

i

24 34

RADIATED POWER (dBm)

{
44

!
54

TOTAL RADIATED
INTERROGATION POWER
(dBm)

49
48
47
46
45
44
43
42
a1
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26

45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26

INTERFERENCE
LIMITING
PRIORITY

13
17
21

25
29
33
37
41

45
49
53
57
61

64
67
70
73
76
77
78
79

2,3
6,7
10,11
14,15
18,19
22,23
26,27
30,31
34,35
38,39
42,43
46,47
50,51
-54,55
58,59
62,63
65,66
63,69
71,72
74,75

Figure 2-1.

wWhisper-shout interrogation sequence.

2-5

(Page 1 of 2).
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TOTAIL: RADIATED
INTERROGATION POWFER
(ABm)

S.1
S5..1
S.1
ST
5.1
S..I
S.T
S..1
S.I
S..1
S.I

40
39
33

TOP 37
ANTENNA 36
35
AFT 34

DIRECTION 33
32

31
30
29
28
27
26

36

BOTTOM OMNI 34

ANTENNA 32
30

I
44

T
54

RADIATED POWER (dBm)

INTERFEREN

LIMITING
PRIORITY

4

8
12
16
20
24
28
32
36
40
44
48
52
56
60

80
81
82
83

b

Notes:
pulses

"I" indicates total radiated power of P1,

"S" indicates total radiated power of pqy and P2

P3, and P, interrogation

suppression pulses.

"S.I" means that the total radiated suppression power is 2 dB less
than the total radiated interrogation power.

"S..I" means that the total radiated suppression power is 3 dB less
than the total radiated interrogation power.

Figure 2-1.

(Page 2 of 2).
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in Figure 2-1 if interference limiting adjustments are required. The

interference limiting procedures are discussed in subsection 2.2.3.

Each successive interrogation in the sequence is preceded by a
suppression. This suppression is used to prevent the more sensitive
transponders from replying again. The suppression pulse is at a power level
2 or 3 dB lower than the accompanying interrogation. Partitioning the ATCRBS
environment with respect to transponder sensitivity reduces the number of
overlapping replies received by the TCAS II M receiver, The function of the
transmission from the bottom antenna is to minimize false targets that are

yenerated by multipath conditions.

2.2.2 TCAS I

TCAS I is a lower-cost, limited-performance version of TCAS that is
compatible with TCAS II M operation. Its main functions are 1) to support
surveillance for TCAS II M as well as ground air traffic cortrol and (2) to
maintain surveillance of nearby transponder-equipped aircraft. To support the
surveillance function, TCAS I interrogates once per second using an ATCRBS

10 The interrogation is transmitted on an omnidirectional

Mode C format.
antenna. The transmission power and interference limiting standards for
TCAS I have been proposed but have not been formally adopted (see

Reference 8).

2.2.3 TCAS/ATC Compatibility Design

Each TCAS II M unit incorporates interference limiting to ensure that
TCAS II M signals will not interfere with other systems when operating in
high-density airspace. TCAS II M controls its interrogatioh rate and/or power
to minimize interference effects by conforming to a set of three specific

inequalities. This ensures that all interference effects resulting from these

IQTraffic Alert and Collision Avoidance System (TCAS 1) Design Guidelines,
FAA-RD-82-12, FAA, Washington, DC, April 1982.

2-7
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interrogations, together with the interrogations from all other TCAS II M
airborne interrogators in the vicinity, are kept to a low level. The number
of Mode S and ATCRBS interrogations made by a TCAS II M-equipped aircraft and
the number of other TCAS II M-equipped aircraft within squitter range are
computed. These computed quantities are used in the following three

interference-limiting equations:

I P(1i) 280
S F (2-1)
i=1 250 watts 1 + NTA

I

S M(i) F 0.01 second (2-2)
1i=1

K PA(k) 80

S F (2-3)

k=1 250 watts 1 + NTA

The variables in these inequalities are defined as follows:

I = the total number of Mode S interrogations transmitted in a
1-second period.

i = the index number of the current Mode S interrogation;
i = 1, 2, eee, I.

P(i) = the total radiated Mode S power (in watts) from the
antenna for the i-th interrogation.

NTA = the number of airborne TCAS II M interrogators that are
detected by squitter.

M{(i) = the duration of the mutual suppression interval for the
TCAS II M transponder associated with the i-th
interrogation.

K = the total number of ATCRBS interrogations in a 1-second
period.
k = the index number of the ATCRBS interrogation;
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k = 1, 2,0.., K.
PA(k) = the total radiated power (in watts) from the antenna for
the k-th ATCRBS interrogation.

The TCAS II M unit will determine once per second if the power and/or
interrogation rate should be adjusted. Each TCAS II M varies the system
parameters computed in inequalities (2-1), (2-2), and (2-3) to maximize the
surveillance ranges for Mode S and ATCRBS aircraft, while limiting the total

power and interrogation rate not to exceed set values.

At the beginning of each surveillance update interval (each second), the
number of TCAS II M interrogators detected by squitter is used to evaluate the
current right-hand limits in inequalities (2~1) and (2-3). The average values
over a 16-second interval for the Mode S variables in the inequalities are
also calculated. If the average value of the left-hand side of either
inequality (2-1) or (2-2) equals or exceeds the current limit, both the Mode S
and the ATCRBS surveillance parameters are modified to satisfy the

inequalities.

The ATCRBS surveillance activity is modified by sequentially eliminating
elements of the whisper-shout sequence. Each whisper-shout step is uniquely
associated with a TCAS II M receiver Minimum Triggering Level (MTL) setting.
Thus, the receiver sensitivity in ATCRBS surveillance periods is automatically

tailored to match these power reductions.

Mode S surveillance activity is modified by adjusting Mode S
interrogation power and/or squitter sensitivity. 1In evaluating these
inequalities, 16-second averages of the Mode S parameters and current or
anticipated values of the ATCRBS parameters are used. After the Mode S
variables (power and/or squitter sensitivity) have been changed to satisfy the
inequalities during the update interval, the only change allowed during the
next 16 seconds is a reduction in the number of whisper-shout steps needed to

satisfy inequality (2-3). This is designated the 16-second freeze.

2-9
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2.3 ATC TRANSPONDER CHARACTERISTICS

Each transponder-equipped aircraft is represented by an antenna (omni-
directional in azimuth), antenna cable, receiver/processor, and a
transmitter. The (quantized) vertical antenna gain patterns were derived from
measured data for the Boeing 727 antenna/airframe configuration.a For
modeling purposes, it is assumed that ATCRBS transponder-equipped aircraft are
fitted with a single, bottom-mounted antenna, while Mode S transponder-
equipped aircraft are fitted with both top- and bottom-mounted antennas.
Polarization losses are neglected. The cable loss from the antenna terminals
to the receiver/transmitter terminals is assumed to be 3 dB for the entire

transponder population.

The receiver sensitivity and transmitter power output of each type of
transponder are assigned statistically in accordance with measured data.'!
For ATCRBS transponders, the values of receiver sensitivity range between

-51 dBm and -90 dBm, with an average value of -74 dBm; the values of
transmitter power range between 46 dBm and 65 dBm, with an average power of 57

dBn'

Mode S transponder-equipped aircraft receiver/transmitter characteristics
are assigned using a normal probability distribution function. The receiver
sensitivity distribution for Mode S transponder-equipped aircraft that are not
TCAS II M-equipped are assigned using a mean value of -77 dBm with a standard
deviation of 1.5 dB. The sensitivity distribution for Mode S transponder-
equipped aircraft that are TCAS II M-equipped is constructed using a mean
value of -77 dBm with a standard deviation of 0.5 dB. Reply power levels for
the two populations of Mode S transponders are assigned in a similar way: an
average reply power of 57 dBm for both populations with standard deviations of
1.5 dB for Mode S aircraft that are not TCAS II M-equipped, and 0.5 dB for

dpatterns were supplied to ECAC by the FAA.

11Cblby, G. V. and Crocker, E. A., Final Report Transponder Test Program,
FAA-RD-72-30, FAA, Washington, DC, April 1972.
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Mode S aircraft that are TCAS [I M-equipped.
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Transponders are subjected to a variety of siqnal formats from ATCRBS

interrogators,

Mode S interrogators, and TCAS interroqgators.

The reaction of

a transponder receiver/processor and transmitter to each type of signal is, in

general, different for Mode S and ATCRBS transponders.

TABLE 2-5 lists the

different types of signals that may be received at transponders, and the

attendant receiver/processor and transmitter action,

TRANSPONDER INTERROGATION PROCESSING AND DEAD TIMES

TABLE 2-5

Receiver Transmitter
Transmission Type Transponder Type Dead Time ()s) Action
ATCRBS Interrogation ATCRBS 60 Reply
ATCRBS-Only Interrogationa ATCRBS 60 Reply
ATCRBS-Suppression ATCRBS 35 Suppression
Mode 5 Interrogation ATCRBS 35 Suppression
(All-Call and Roll-Call)
ATCRBS Interrogation Mode S 60 Reply
ATCRBS-Only Interrogation Mode S 24 Suppression
ATCRBS Suppression Mode S 35 Suppression
Mode S Interrogation Mode S 192 (short Reply
reply)
248 (long Reply
reply)
Mode S Interrogation Mode S 20 (short Suppression
(not at transponder address) interrogation)
32 (long Suppression
interrogation)
Mode S All-Call Interrogation Mode S 128 Replyb

aATCRBS—only interrogations are transmitted by Mode S sensors and TCAS II M

interrogators.

bThe probability of reply of Mode S transponders to Mode S All-Call

Interrogation is controlled by data contained in the interrogation.

2-11/2-12
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SECTION 3
MODEL DESCRIPTION

3.1 INTRODUCTION

The TCAS SEM is divided into a main driver program and 24 separate
subroutines, each of which performs a specific function. Figure 3-1 shows the
major functions of the model and identifies the subroutines that perform those
functions. To the left of each subroutine shown on the diagram is a general
description of the function(s) that it performs. The information contained in
this section is presented in the form of PDLs (program design language) to be
used in conjunction with the actual code of the TCAS SEM (APPENDIX B). The
PDLs provide a detailed description of the variables and the logic of each

subroutine.

3.2 OPERATIONAL DESCRIPTION

The DABS/ATCRBS/AIMS PPM and the TCAS SEM were designed in ASCII FORTRAN
for use on the ECAC Sperry 1100/82 computer. The TCAS SEM is machine-dependent

because of its use of system subroutines and system functions.

3.2.1 Input/Output Files

The DABS/ATCRBS/AIMS PPM creates an input disk file (See TABLE 3-1) for
the TCAS SEM that contains average interrogation and suppression rates due to
ground air traffic control for each aircraft in the deployment. The aircraft's
position (latitude, longitude, and altitude), type (ATCRBS, Mode S, or
TCAS II M), and its velocity (East-West, North-South, and vertical directions)
are supplied by the LA Basin Model (Reference 3) using the format of
TABLE 3-2. Using this information, the TCAS SEM simulates TCAS activity during
a 120-second interval. At the end of the simulation, the TCAS SEM creates a
disk file which includes the time-average rates at which TCAS signals arrive at

each aircraft. The types of signal rates stored are listed in TABLE 3-3.
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Driver CIRCAS
Set initial conditions INIT

Compute total power sent over
N whisper-shout levels ASPINT

Load ATCRBS whisper-shout arrays WSPOWE

__I WRT l
r—-{ RANN |

=)
Z
o
=]
3

Load aircraft deployment file

Time-independent algorithms:

Assign transponder characteristics —LI’RANSP J—I RANN ]

Load TCAS II M file; set squitter

phase -—{JSTART }'—LRMIN I
Load TCAS II M file — toao | rmar |

Estimate TCAS II M interference PRESET
limiting state

Compute TCAS I effects _l TCAS1 } l BETAR l

Time-dependent algorithms:

Move aircraft; update track file "—[ LOAD HF":AR ]

Load antenna coupling array ANTGAN
FRUITA

Estimate fruit at each TCAS II M

Schedule Mode S discrete ] DISMOD 3N
interrogations TSOUIT F—FaNN |

Compute smoothed parameters

Compute effects of TCAS Mode S DISINT

emissions

Compute effects of TCAS ATCRBS ATMOD
whisper-shout emissions

Make interference limiting ‘—'{INTLI HHIATPH’ ]

adjustments

Compute and display variables STATS

of interest

Load files for rates to be used FILES
in DABS/ATCRBS/AIMS PPM

Figure 3-1. Tree diagram of the TCAS SEM.
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TABLE 3-1

Section

FORMAT OF INPUT FILE ‘) TCAS SEM FORMED BY DABS/ATCRBS/AIMS PPM

Beginning

Column Length Format Quantity

11 10 I10 Interrogation Rate due to
ground ATC (per second)
21 10 I10 Suppression Rate due to
ground ATC (per second)
TABLE 3-2
FORMAT OF DEPLOYMENT FILE
Beginning

Column Length Format umantity
1 2 12 Latitude (Degrees)
3 2 12 Latitude (Minutes)
5 2 I2 Latitude (Seconds)
7 1 A1l Hemisphere (N-S)
8 3 I3 Longitude (Degrees)
11 2 12 Longitude (Minutes)
13 2 I2 Longitude (Seconds)
15 1 A1l Hemisphere (E-W)
19 8 F8,.0 Altitude (feet msl)
36 4 A4 Type
41 6 F6.4 Westward Velocity (nmi/s)
48 6 F6.4 Northward Velocity (nmi/s)
55 8 F8.4 Upward Velocity (ft/s)

3
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TABLE 3-3
FORMA'T OF OUTPUT KFILE GENERATED TCAS SEM 10O BE HSED AS
INPUT 'TO DABS/ATCRBS/AIMS PPM
Beginning
Column Length Format Quantity

11 15 It5 Mode S Misaddresses
due to TCAS II M

26 15 It5 Mode S Suppressions
due to TCAS II M

41 15 I15 Mode S Interrogations
due to TCAS II M

56 15 I15 ATCRBS Interrogations
due to TCAS II M

71 15 115 ATCRBS Suppressions
due to TCAS II M

86 10 F10.5 Mode S Addresses
due to TCAS II M

98 10 F10.3 TCAS IT M dead time

110 10 F10.3 TCAS I Interrogations
to aircraft
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3.2.2 Internal Data Structure

In order to connect each segment of the TCAS SEM, common blocks of data
were designated to share information. The data dictionary in APPENDIX A

describes each common variable and its units.

3.3 MODEL SUBROUTINE DESCRIPTIONS

The subroutines of the model are described in PDL form in this section,
in the order in which they appear on the tree diagram of Figure 3-t1. The PDLs
are divided into Purpose, Inputs, Procedure, Outputs, Variables of Interest,
and Process. This method of documentation provides a detailed description of
rach subroutine in a form that can be easily updated as modifications are made

to the model.
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3.3.1 Model Driver: CIRCAS

PURPOSE: To drive the TCAS SEM:
1. Set initial conditions and load aircraft files.
2. Calculate near time-independent effects of TCAS I (if desired) and
TCAS II M emissions.
3. Calculate time-dependent effects of TCAS II M on the environment.
4. Record the results of the TCAS SEM on disk files to be used in the

DABS/ATCRBS/AIMS PPM.

INPUTS: ATC files from DABS/ATCRBS/AIMS PPM, and transponder deployment

information.

PROCEDURE: First, all the subroutines that set up the initial conditions of
the simulation (e.g., whisper-shout power levels, number of aircraft in
the deployment, etc.) are called. Next, a simulation of 120 seconds of
the operation of the TCAS II M system is performed. During the
simulation, the Mode S and ATCRBS interrogation and suppression rates due
to TCAS II M interrogations is computed for all aircraft in the
environment, along with the mutual suppression rate of each TCAS II M
receiver. At the end of the simulation, the average value of Mode S and
ATCRBS rates are computed and stored in external files to be used in

conjunction with the DABS/ATCRBS/AIMS PPM.

OUTPUTS: ATC files for use in DABS/ATCRBS/AIMS PPM,

VARIABLES OF INTEREST

Description Variable Name
Number of TCAS II M-equipped aircraft NUMTCA

Clock ITIME

TCAS II M-equipped aircraft of interest IT

TCAS II M transmission indicator LPLUS!1

Print indicator PRINT

TCAS I analysis indicator T1
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PROCESS :
1.
2.
3.

6.
7.

10.

1.
12'

Read in user's options (print option and TCAS 1 analysis option).
CALL INIT: Set initial conditions of all common block variables.
CALL ASPINT: Initialize array containing total whisper-shout power
radiated.

CALL WSPOWE: Load whisper-shout power levels for TCAS II M-equipped

aircraft.

CALL INPUT: Load aircraft deployment from the transponder deployment

file (usually the LA Basin Model) and interrogation and suppression

rates from the DABS/ATCRBS/AIMS PPM.

CALL TRANSP: Assign power and sensitivity for each transponder.

CALL TSTART: Set squitter phase for each TCAS II M-equipped aircraft

and a pointer file to locate TCAS II M-equipped aircraft in the

aircraft characteristics file.

CALL LOAD: Compute heading of each TCAS II M; update MODE S track

file (i.e., load array containing power, range, and bearing

relationships between TCAS II M-equipped and all other aircraft
within 50 nmi); and compute the air traffic densities about each TCAS

IT M, as well as the average density about all TCAS II M-equipped

aircraft.

CALL PRESET: Approximate interference-limiting effects on each

TCAS II M-equipped aircraft.

IF TCAS I analysis desired, THEN

A. CALL TCAS1: Determine signal rates due to TCAS I ATCRBS
surveillance.

END IF

LOOP over 120-second time interval, in one-second steps.

A. CALL LOAD: At times 40, 80, and 120 seconds: update all
aircraft positions; update MODE S track file and compute the air
traffic densities about each TCAS II M-equipped, as well as the
average density about any given TCAS II M-equipped aircraft.

B. LOOP over all TCAS II M-equipped aircraft.
1e CALL ANTGAN: Compute antenna elevation patterns between

given TCAS II M-equipped aircraft and all other aircraft

within 50 nmi of the TCAS II M.
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3.
4.
5.

7.
8.

9.
10.

1.

12.

C. END

13. END LOOP

Section 3

IF time ecquals 1, 20, 40, 60, 80, 100, or 120 scconds, THEN

a. CALI, FRUITA: Compute the reply efficiency of each
aircraft to the TCAS II M-equipped aircraft and the
associated fruit rate to that efficiency.

END IF

CALL DISMOD: Schedule Mode S discrete interrogations.

CALL TCSMOT: Compute smooth (or average) TCAS II M

emission powers and interrogation rates over the last 16-

second interval.

IF TCAS II M transmitted Mode S interrogations THEN

a. CALL DISINT: Compute Mode S effects from TCAS II M to
all other aircraft in range of the TCAS II M.

END IF

IF time equals 1, 40, 80, or 120 seconds, THEN

a. CALL ATMOD: Compute whisper-shout effects of
TCAS II M on all other aircraft within range.

END IF

IF time is greater than three seconds, THEN

a. CALL INTLI: Adjust TCAS II M characteristics to
satisfy interference-limiting inequalities.

END IF

CALL STATS: Compute average rates from all TCAS II M-

equipped aircraft to all other aircraft.

LOOP

14. CALL FILES: Load rate files for use in the DABS/ATCRBS/AIMS PPM.

15. End.

Called by: None.

Subroutines called: INIT, ASPINT, WSPOWE, INPUT, TRANSP, TSTART, LOAD,

PRESET, TCAS1

INTLI, STATS,

(optional), ANTGAN, FRUITA, DISMOD, TCSMOT, DISINT, ATMOD,

FILES
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3.3.2 Subroutine: INIT

PURPOSE: To set initial values of all common variables.

INPUTS: All common variables. (Refer to TCAS SEM Data Dictionary,

APPENDIX A.)

PROCEDURE: Set each common variable to its initial value.

OUTPUTS: 1Initial values for all common variables.

Called by: CIRCAS

Subroutines called: None.



DOT/IFAA/PM-85/22 Section 3

3.3.3 Subroutine: ASPINT

PURPOSE: To initialize the array containing the total power transmitted using

N whisper-shout levels,

INPUTS: None .

PROCEDURE: A loop is performed over all whisper-shout levels. At each
level, the total power transmitted by the top (in the front, sides, and

back) and bottom antennas is computed and stored in the appropriate array.

OUTPUT: The array containing the sum of the whisper-shout power levels for

N transmitted levels.

VARIABLES OF INTEREST

Description variable Name
Total power radiated with N levels ATSUMP
PROCESS :

1. Define 1 dB and 2 dB.

2. Define the minimum levels transmitted by the top and bottom antennas
in watts.

3. Set total sum power = 0 when no whisper-shout levels are sent.

4. LOOP over all 83 priority levels.

A, Find the number of whisper-shout levels sent on the top antenna
(front, right, left, and back lobes) and bottom antenna for a
given priority level.

B. Compute the total power transmitted by the top and bottom
antennas, and store this value in the appropriate position in
the sum power array.

5. END LOOP

6. Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.4 Subroutine: WSPOWE

PURPOSE: To load the 83 levels of ATCRBS whisper-shout interrogation power
for the TCAS II M antennas and store them in arrays that correspond to the

location of the antennas.

INPUTS: Number of whisper-shout (w-s) levels for the top antennas (total of
79 levels) which are located at the front (24 levels), sides (20 levels
each side), and back (15 levels) of the aircraft and the number of levels
for the bottom antenna (4 levels). These levels were obtained from the

TCAS II M Minimum Operational Standards (MOPS) (Reference 5).

PROCEDURE: The 79 whisper-shout levels that can be transmitted by the TCAS II M
top antenna (24 on the front, 20 on each side, and 15 on the back) and the 4
whisper-shout levels that can be transmitted by the bottom antenna are

computed and stored in the appropriate arrays.

QUTPUTS: Four arrays containing whisper-shout power levels by location of

antenna.

VARIABLES OF INTEREST

Description vVariable Name

Whisper-shout levels of:

Top-front antenna IPOWF

Top-side antennas IPOWS

Top-back antenna IPOWB

Bottom antenna IPOWBO
PROCESS:

1. Initialize the peak power for the top-front antenna to 49 dBm.
2. LOOP over the 24 whisper-shout power levels of the front antenna
A. Calculate this power level by decreasing the peak power by 1 dB

per level (starting at 49 dBm and decreasing to 26 dBm).
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3.
4.
5.

6.
7.
8.

9.

10.
1.

12.
13.
14.

]
9]

B. Calculate the total radiated power of the top-front antenna.

END LOOP
Initialize the peak power for the top-side antennas to 45 dBm.

LOOP over the 20 levels (each side) of the side antennas.

tion

A. Calculate this power by decreasing the peak power by 1 dB per

level (from 45 to 26 dBm).

B. Calculate the total radiated power of the side antennas.

END LOOP

Initialize the peak power for the top-rear antenna to 40 dBm.

LOOP over the 15 levels of the back antenna.

A. Calculate these levels by decreasing the peak power by 1 dB
level (from 40 to 26 dBm).

B. Calculate the total radiated power of the back antenna.

END LOOP

Initialize the peak power for the bottom antenna to 36 dBm.

LOOP over the 4 levels of the bottom antenna.

A. Calculate these levels by decreasing the peak power by 2 4B
level (from 36 to 30 dBm).

B. Calculate the total radiated power of the bottom antenna.,

END LOOP

Calculate the total combined radiated power of all the antennas.

Return.

Called by: CIRCAS

Subroutines called: None.

per
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3.3.5 Gubroutine: INPUT

PURPOSE: Load the aircraft deployment array and the interrogation and
suppression rate arrays, and determine the number of each type of

aircraft.

INPUTS: Interrogation and suppression rates from the DABS/ATCRBS/AIMS PPM,
and aircraft characteristics data from the Los Angeles Basin model which
includes latitude (degrees, minutes, seconds), longitude (degrees,
minutes, seconds), altitude (feet mean sea level), type of aircraft,
longitudinal velocity (nautical miles per second, positive in the westerly
direction), latitudinal velocity (nautical miles per second, positive in
the northerly direction), and vertical velocity (feet per second, positive

in the upward direction).

PROCEDURE: This subroutine reads interrogation and suppression rates and
loads the rate arrays. It also reads the aircraft deployment file and
loads the deployment array. During this process, the total number of
aircraft is counted, as well as the number of each of the three types of

aircraft (ATCRBS, Mode S, and TCAS II M).

OUTPUTS: Interrogation and suppression rates, the total number of aircraft,
the number of each type of aircraft (ATCRBS, MODE S, and TCAS II M), and
the aircraft deployment file which contains, for each aircraft, the
latitude (radiané), longitude (radians), altitude (feet mean sea level),
type (ATCRBS, Mode S, or TCAS II M), westward velocity (nautical miles per
second), northward velocity (nautical miles per second), and upward

velocity (feet per second).
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VARIABLES OF INTEREST

Dbescription

Number of aircraft

Number of ATCRBS-equipped aircraft
Number of Mode'S—equipped aircraft
Number of TCAS II M-equipped aircraft
Interrogation rates

Suppression rates

Aircraft deployment

Percentage of deployment

PROCESS:

Section

Variable Mame
NAC

IATCR

IDAB

ITCA

IADJIN

IADJSU

TJFILE

RATIO

1. Set fraction of total deployment wanted (RATIO).

2. LOOP over all aircraft in model.

A. Read in the interrogation and suppression rates from

DABS/ATCRBS/AIMS PPM and store them in appropriate arrays.

B. Read in the transponder deployment from the deployment file

(usually the LA Basin Model).

IF random number greater than or equal to RATIO, THENW

Eliminate this aircraft from deployment.

C. CALL RANN: Get a random number.
D.

1.
E. ELSE

1.

2.

CALL FASCFD: Convert aircraft type from ASCII tn fieldata.
CALL CNVRT: Convert aircraft type from fieldata to integer
representation (0 indicates an ATCRBS transponder, 1
indicates Mode S, and 3 indicates TCAS II M).

Convert latitude and longitude data from deqrees, minutes,
and seconds to radians.

Determine whether the latitudes are north or south, and
whether the longitudes are east or west.

Load the position, type, and velocity in the aircraft
characteristics file,

Count the number of each type of aircraft.

Store the interrogation and suppression rates.

3-14
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i”e END IV
3. FEND LOOP

4., Return.

Called by: CIRCAS
Subroutines called: CNVRT, RANN

System routines used: FASCFD
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3.3.6 Subroutine: CNVRT

PURPOSE: To determine the type of each aircraft and convert it from

fieldata to integer form.

INPUTS: Aircraft type (in fieldata form).

PROCEDURE: The aircraft type is passed to this subroutine as fieldata. This
data is evaluated and an integer value that indicates whether the aircraft

is ATCRBS-, Mode S-, or TCAS II M-equipped is assigned to the type

variable. This value is then passed back to the calling routine.

OUTPUTS: Aircraft type (in integer form).

VARIABLES OF INTEREST

Description variable Name
Aircraft type ITYPE
PROCESS :

1. CASE the six most significant bits of aircraft type OF
A. 9: ITYPE = 1 (Mode S-equipped aircraft)
B. 7:25: ITYPE = 3 (TCAS II M-equipped aircraft)
C. Others: ITYPE = 0 (ATCRBS-equipped aircraft)

2. END CASE

3. Return.

Called by: INPUT

Subroutines called: None
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3.3.7 Subroutine: RANN

PURPOSE: To generate a random number between zero and one.

INPUTS: None.

PROCEDURE: The first time this routine is performed, a large number is
assigned to the "seed," which is the variable that is used to produce the
random numbers. This seed is multiplied by an integer which is
sufficiently large to cause an overflow of bits in the register holding
the seed. The random number is obtained by shifting the bits back down

such that the number is positive and no greater than one.

OUTPUTS: A random number having a value between zero and one.

VARIABLES OF INTEREST

Description Variahle Name
Random number between zero and one RAN
PROCESS:

1. IF subroutine has not been run before THEN
A. Set seed equal to a large integer value.
B. Set flag that indicates subroutine has been run.

2. END IF

3. Multiply seed by a large integer value.

4. Produce random number by dividing the absolute value of the seed by
(approximately) 235, which corresponds to the largest integer value
the computer is capable of retaining.

5. Return.

Called by: INPUT, TRANSP, TSTART, DISMOD, TSQUIT

Subroutines called: None
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3.3.8 Subroutine: TRANSP

PURPOSE: To assign transmit power and receiver sensitivity characteristics

for each transponder.

INPUTS: Number of aircraft in model; nominal Mode S power and sensitivity,
and standard deviations from each; and nominal TCAS II M power and

sensitivity levels with corresponding standard deviations.

PROCEDURE: A normal distribution of random numbers is generated and used to
assign the transmitter powers and receiver sensitivities of each.Mode S
and TCAS II M aircraft in the environment. fThe transmitter power and
sensitivity for each ATCRBS aircraft is assigned using measured data

documented in Reference 9.

OUTPUTS: Transponder characteristic arrays: Transmission power levels for

each aircraft and receiver sensitivity for each aircraft.

VARIABLES OF INTEREST

Description Variable Name
Transmission power for each aircraft JTRANS
Sensitivities for each aircraft JSENS
PROCESS:

1. Set starting points for random number generator.

2. CALL RANDN: Set up array of pseudo-random numbers which follow a
normal distribution and are used to predict Mode S power levelé
{nominal value is 27.0; standard deviation is 1.5).

3. CALL RANDN: Set up array of pseudo-random numbers which follow a
normal distribution and are used to predict TCAS II M power levels
(nominal value is 29.2; standard deviation is 0.5).

4. LOOP over all aircraft in model.

A. IF ATCRBS-equipped aircraft THEN

1e CALL RANN: Get a random number.,

3-18
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5.
6.
7.

Section

2. Use probability distribution from ATC-9 - to determine
transmission power.
3. Store transmission power.
B. ELSE IF Mode S-equipped aircraft THEN
1. Calculate transmission power of Mode S-equipped aircraft
using number from normal distribution.
2. Store transmission power.
cC. ELSE IF TCAS II M-equipped aircraft THEN
1. Calculate transmission power using number from normal
distribution.
2. Store the transmission power.
D. END IF
END LOOP

Set starting points for random number generator.

CALL RANDN: Set up array of psuedo-random numbers that follow a

normal distribution and are used to predict Mode S sensitivity

levels.

CALL RANDN: Set up array of psuedo-random numbers that follow a

normal distribution and are used to predict TCAS II M sensitivity

levels.

LOOP over all aircraft

A.

IF ATCRBS-equipped aircraft THEN

1.

CALL RANN: Get a random number.

2. Use probability distribution from ATC-9 to determine
sensitivity level,

3. Store the sensitivity.

ELSE IF Mode S-equipped aircraft THEN

1. Set sensitivity equal to number from normal distribution.

2. Store the sensitivity.

ELSE IF TCAS II M-equipped aircraft THEN

1. Set sensitivity equal to number from normal distribution.

2. Store predicted value.

END IF

3
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10. END LOOP

11. Return.
Called by: CIRCAS
Subroutines called: RANN

System routines used: RANDN
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3.3.9 Subroutine: TSTART

PURPOSE: To set up a pointer array that locates TCAS II M-equipped aircraft
in the aircraft deployment file, and to set the squitter phase for each

TCAS II M-equipped aircraft.

INPUTS: Aircraft deployment file,

PROCEDURE: A loop is performed over all aircraft to determine and store the
number of TCAS II M-equipped aircraft and the pointer arrays used to

locate the TCAS II M in the aircraft file.

OUTPUTS: Number of TCAS II M-equipped aircraft, TCAS II M pointer file, and

start time of each TCAS II M squitter phase.

VARIABLES OF INTEREST

Description Variable Name

Number of TCAS II M-equipped aircraft NUMTCA

TCAS II M pointer array 111
Squitter phase start time TCST
PROCESS :

1. LOOP over all aircraft.
A. IF TCAS II M THEN
Te Count the aircraft.
2. Store its location in the pointer file.
3. CALL RANN: Get a random number.
4. Calculate squitter phase start time using the random
number.
Be END IF
2. END LOOP

3. Return.

3-21
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Called by: CIRCAS

Subroutines called: RANN
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3.3.10 Subroutine: LOAD

PURPOSE: At times O, 40, 80, and 120 seconds: to update all aircraft
positions; to compute heading of each TCAS II M (at time = 0 only); to
update Mode S track file; to load array containing power, range, and
bearing relationships between TCAS II M-equipped aircraft and victim
aircraft; and to compute the air traffic densities about each TCAS II M,

as well as the average density about all TCAS II M-equipped aircraft.

INPUTS: Aircraft deployment file, number of TCAS II M-equipped aircraft,
Mode S track file, TCAS II M pointer file, simulation time, and the number

of aircraft.

PROCEDURE: First, the velocity of each aircraft is used to update its
location in the environment. The following data is then calculated and
stored in the appropriate arrays: the relative position of other aircraft
to each TCAS II M, the aircraft that belong in the track file, the power
received by each TCAS II M from other aircraft, and the local air traffic

densities within 5, 10, and 30 nmi of each TCAS II M.

OUTPUTS: Updated aircraft deployment file, updated Mode S track file, updated
TCAS II M environmental array, and air traffic density about each TCAS II

VARIABLES OF INTEREST

Description variable Name
Aircraft characteristics file TIFILE

TCAS II M headings » THETA

Track file ITRACK

TCAS II M environmental array ICASFI
Density about each TCAS II M DENS
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Number of TCAS II M-equipped aircraft NUMTCA

Simulation time ITIME
TCAS II M pointer file I111
Number of aircraft NAC
PROCESS:

1. IF time does not equal zero THEN

A.

D.

Calculate the new latitude by adding forty seconds times the
latitudinal velocity to the old latitude (x = xt_yg9 + 40Vy).
Calculate the new longitude by adding forty seconds times the
longitudinal velocity to the old longitude (y = Yt—q40 + 40 vy).
Calculate the new altitude by adding forty seconds times the
upward velocity to the old altitude (z = zy_gg + 40 Vv,).

Store these new positions.

2. END IF

3. LOOP over all TCAS II M-equipped aircraft

A.

E.
Fe.
G.

Find the location of the TCAS II M in the general aircraft
characteristics file.

Compute the heading of the aircraft by finding the angle formed
by the velocity components (theta = arcsin (vy/(vx2 + vy2;V2) ).
Adjust the angle to fit into the coordinate system where north
is at zero degrees, west is at 90, south is at 180, and east is
at 270.

if the aircraft is heading eastward, subtract the adjusted angle
in 3.C from 360°. (The calculation in 3.C assumes westward
motion.)

Convert this angle to radians.

Zero out local aircraft counters.

Get the latitude (radians), longitude (radians), and altitude
(statute miles) of the TCAS II M-equipped aircraft.

LOOP over all aircraft

1. Get the victim aircraft's latitude (radians), longitude

(radians), and altitude (miles).
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8.
9.

10.

Section 3

CALL. BEAR: Compute the horizontal distance (miles) and
angle (radians) between TCAS II M and victim aircraft.
Find the altitude difference (nmi) between the TCAS II M
and victim aircraft.
Find the slant range (straight-line distance) between the
two aircraft. ( (horizontal distance2 + vertical
distancez) 1/2 ) |
IF victim aircraft is TCAS II M- or Mode S-equipped THEN
a. IF the two aircraft are within 50 nmi of each other

AND their difference in altitude is less than

9000 feet

THEN

1. Add the victim aircraft to the track file if it

is not already there.

b. %LSE
1. Remove the victim aircraft from the track file if
it is there.
C. END IF
END IF
Determine the free space power loss (Power loss = 37.80 +

201log1(1030) + 20logqg slant range + 3.0 - 60.0 ) where

1030 is the interrogation frequency in MHz, the slant range

is in nautical miles, 3.0 is the transponder cabhle loss in

dB, 60.0 converts from kW to mW, and 37.80 is the constant

adjustment factor to account for units of MHz and nmi).

Compute aircraft densities around each TCAS aircraft.

IF the two aircraft are separated by at least 50 nmi THEN

a. Remove the victim aircraft from the TCAS II M
environmental array.

ELSE

a. Increment appropriate local aircraft counters if the

victim is within 10 nmi of the TCAS II M.
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b. Store the relative range, bearing, and power, and the
type of victim aircraft in the TCAS II M environmental
file.

11« END IP
I. END LOOP
4. END LOOP

5. Return.

Called by: CIRCAS

Subroutines called: BEAR
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3.3.11 Subroutine: BEAR

PURPOSE: To calculate the horizontal distance and angle between the TCAS I
or TCAS II M aircraft of interest and the victim aircraft (see

Figure 3-2).

INPUTS: TCAS-equipped aircraft's latitude and longitude (in radians), the
victim aircraft's latitude and longitude (in radians), and the radius of

the earth (in statute miles).

PROCEDURE: The two-dimensional locations (latitude and longitude) of two
aircraft are used to calculate the horizontal range and bearing relative

to North using a flat earth approximation.
OUTPUTS: The horizontal distance between the two aircraft (in statute miles),
and the bearing angle (measured from the north, in radians) between the

two aircraft.

VARIABLES OF INTEREST

Description Variable Name
Radius of the earth RADIUS

TCAS latitude TLAT

TCAS longitude TLON

Victim latitude RLAT

Victim longitude RLON

Distance between the two aircraft DIST

Bearing angle between the two aircraft BEARTX

PROCESS:
1. Calculate the difference in latitudes between the two aircraft.
2. Calculate the difference in longitudes between the two aircraft.
3. Calculate the longitude scaling factor (the cosine of the average of
the two latitudes).

4. Scale the difference in longitudes (multiply it by the scaling factor).
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2 ———

I -'._'D_LAI__\’
BEARTX > TAN QDLONXLSF*)

(TLAT, TLON) ]

DIST = \/DLATZ + (DLONRLSF%2

DLAT

" (RLAT, RLON)
DLON

¥*LSF = LONGITUDE SCALING FACTOR

Figure 3-2, Illustration of bearing calculations.



DOT/FAA/PM-85/22 Section 3

5. Find the straight line distance bhetween the two aircraft (the
distance is the square root of the sum of the sgquare of the
difference in latitudes plus the square of the scaled difference in
longitudes).

6. IF the difference in longitudes is less than one thousandth of a
statute mile, THEN
A. Set the difference in longitude to one thousandth of a statute

mile to prevent division by zero in the bearing calculation.

7. END IF

8. Calculate the angle between the two aircraft (arctan (- difference in
latitudes / scaled difference in longitudes)).

9. Adjust the axis so that due north is the zero point.

10. IF the angle is neqgative THEN
A. Add 21 to it to make it positive.

117. END IF

12. Return.

Called by: LOAD, TCAS1

Subroutines called: None
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Subroutine: PRESET

3.3.12

PURPOSE:

equipped aircraft.

INPUTS:

array, aircraft deployment file,

PROCEDURES:

TCAS II M-equipped aircraft within 35,

Number of each type of aircraft,

Section 3

To estimate the interference-limiting state of each TCAS II M-

track file, TCAS II M environmental

and transponder characteristic arrays.

At the start of the simulation,

the number of Mode S and

30, and 7.16 nmi of each TCAS II M

aircraft are computed and used to estimate the number of aircraft in the

squitter, acquisition,

and roll-call states.

Empirical estimates on the

number of Mode S interrogations are made and used to preset the Mode S

sensitivity and power levels according to the interference-limiting

inequalities.

OUTPUTS:

TCAS II M-equipped aircraft.

VARIABLES OF INTEREST
Description
Number of:
TCAS II M-equipped aircraft
Mode S-equipped aircraft
Track file
TCAS II M environmental array
Aircraft deployment file
Transmission power for each aircraft

Adjusted transmission power for
TCAS II M

Sensitivity levels for each aircraft

Adjusted sensitivities for
TCAS II M-equipped aircraft

Adjusted transmission power and sensitivity levels for each

Variable Name

NUMTCA, ITCA
IDAB

ITRACK
ICASFI
TIFILE
JTRANS

AMSP

JSENS

SESIT
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PROCESS :

1.

LOOP over all TCAS II M-equipped aircraft.

A.
B.

C.

E.

G.

H.

Reset squitter, acquisition, and roll-call target counters.
Get altitude of TCAS II M.

LOOP over all 500 tracks.

1. Get aircraft number.
2. If aircraft has been removed from file, go on to the next
‘track.

3. Get aircraft type.
4, If ATCRBS-equipped aircraft, go on to the next track.

5. Get slant range (nmi) between TCAS II M and victim.

6. If slant range is over 35 nmi, go on to the next track.
7. Increment the sguitter count by one.
8. If slant range is over 30 nmi, go on to the next track.

9. Get altitude of victim.

10. Find the difference in the altitudes of the two aircraft.

11. If the difference in the altitudes is over 9000 feet, go on
to the next track.

12. If the slant range is greater than 7.16 nmi, increment the
number in acquisition range.

13. If the slant range is less than or equal to 7.16 nmi,
increment the number in roll-call range.,

END LOOP

Multiply the squitter count by the ratio of TCAS I1I M-equipped

aircraft to all the Mode S-equipped aircraft (all TCAS II M-

equipped aircraft are Mode S-equipped) to find the total number

of squitter targets.

DO WHILE inequality (2-1) is not satisfied AND no more than

seven adjustments have been made. (See Reference 6.)

1. Make power and sensitivity adjustment.
2. Compute interference-limiting equation.
END WHILE

Set up new array of sensitivities with adjustment calculated

above.
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I. Set up new array of transmission power with above adjustment.
2. END LOOP

3. Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.13 Subroutine: TCAS1

PURPOSE: To determine the effects of deploying TCAS I-equipped (all Mode S-
equipped aircraft are assumed to be TCAS I-equipped) aircraft in the

environment.

INPUTS: Aircraft deployment file, antenna patterns, and sensitivity levels.

PROCEDURE: For all aircraft in the environment, the received power from each
TCAS I aircraft is calculated., If the received power is greater than the
receiver sensitivity, the number of TCAS I interrogations received is

incremented by one.

OUTPUTS: The expected number of TCAS I interrogations per second received

at each aircraft.

VARIABLES OF INTEREST

Description variable Name

Aircraft deployment TJFILFE

Antenna patterns:

Top (transmitting) ANTTOP

Bottom (transmitting) ANTBOT

Bottom (receiving) PASBOT

Top (receiving) PASTOP
Sensitivity levels JSENS
Expected number of TCAS I ATCRAT

interrogations per second ATCRAT
PROCESS:

T LOOP over all aircraft, selecting only TCAS I-equipped aircraft.
A. Get latitude, longitude, and altitude of TCAS I.
B. LOOP over all aircraft.
1. Get latitude, longitude, and altitude of victim aircraft.

2. CALL BEAR: Get horizontal distance between two aircraft.
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3.
4.

5.
6.

7.
8.

10)

Section

Find the difference in altitudes (nmi).

Determine the angle hetween the aircraft.

Using that angle, look up the antenna gains for top and
bottom antennas.

Determine total gain (add TCAS I gain to victim gain).
Calculate free space power loss.

Using results from 1.B.6 and 1.B.7, find received power,
IF received power is above sensitivity level of victim
(i.e., signal is detectable) THEN

a. Count one interrogation at that aircraft.

END IF

C. END LOOP

2. END LOOP

3. Return.

Called by: CIRCAS

Subroutines called:

BEAR

3
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3.3.14 Subroutine: ANTGAN
PURPOSE: To store elevation antenna patterns between TCAS IT M-equipped

aircraft and victim aircraft.

INPUTS: Aircraft deployment file, TCAS II M environmentalkfile, TCAS II M-
equipped pointer file, antenna gains, and TCAS II M-equipped aircraft

identity.

PROCEDURE: The antenna coupling between each TCAS II M aircraft and all other
aircraft is computed based on the elevation angle between the aircraft.
The value of the antenna coupling is stored in the aircraft deployment

file.

OUTPUTS: Aircraft deployment file.

VARIABLES OF INTEREST

Description Variable Name
Aircraft deployment file TIFILE

TCAS II M environmental file ICASFI

TCAS II M pointer file I111

Antenna patterns:

Top (transmitting) ANTTOP

Bottom (receiving) PASBOT

Bottom (transmitting) ANTBOT

Top (receiving) PASTOP
PROCESS:

1. Find the location of the TCAS II M in the aircraft deployment file,
2. Get the altitude of the TCAS II M.
3. LOOP over all aircraft.

A. Reset the gain column of the aircraft deployment file.

B. IF the aircraft is within 50 nmi of the TCAS II M THEN

1. Get the aircraft's altitude.

3-35
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2. Get the slant range between the two.

3. Calculate the difference in their altitudes.
4, Calculate the horizontal distance between them.
5. Calculate the elevation angle between the two aircraft.

6. Look up the couplings at the calculated angles and
interpolate to find a more exact approximation.
7. Store the couplings.
C. END IF
4. END LOOP

5. Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.15 Subroutine: FRUITA

PURPOSE: To determine the fruit received at the TCAS II M~equipped

aircraft. To compute the reply efficiency for each aircraft.

INPUTS: Interrogation and suppression rates for each aircraft, TCAS II M
environmental array, aircraft deploymemt file, TCAS II M-equipped aircraft

identity, transmission power and sensitivities for each aircraft.

PROCEDURE: For all aircraft in the environment, the probability of reply is
calculated from the dead time caused by all incoming interrogations and
suppressions. The ATCRBS fruit rate due to a given aircraft is the
product of the received ATCRBS interrogation rate times the probability of
reply. The total fruit rate at each TCAS II M aircraft is found by
summing the fruit rates contribution from all aircraft within range of the

TCAS II M aircraft.

OUTPUTS: Fruit seen by TCAS II M, probability of reply for each aircraft.

VARIABLES. OF INTEREST

Description variable Name
Interrogation rate for each aircraft IADJIN
Suppression rate for each aircraft ‘ IADJSU

TCAS II M environmental array ICASFI
Aircraft deployment. file TIFILE
Interrogation and suppression totals STAT

from previous second

Misaddressed totals from previous MIS
second

TCAS II M identity I

Transmission power for each aircraft JTRANS

Sensitivity level for each aircraft JSENS

Fruit level seen by TCAS II M-equipped FRUIT
aircraft '

Probability of reply for each aircraft PREP

3-37
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PROCESS:

1.

2.
3.
4.
5.

IF at the beginning of a new search cycle THEN

A. LOOP over all aircraft.
1. Save misaddressed totals from last second.
2. Save interrogation totals from last second.
3. Save suppression totals from last second.

B. END LOOP

END IF

Locate the TCAS II M aircraft in the list of aircraft.

Zero out fruit counter for the TCAS II M.

LOOP over all aircraft.

A.

B.

D.

E.

G.

I.

J.

K.

L.

If victim aircraft is out of range of the TCAS II M, go on to
the next aircraft.

Find the type of the victim aircraft.

Get number of interrogations victim received during the previous
second.

Get suppressions of victim from previous second.

IF ATCRBS-equipped aircraft THEN

1e Set suppression time to 35 microseconds.

2. Set dead time due to interrogations to 60 microseconds.,
ELSE

1. Set suppression time to 20 microseconds.

2. Set interrogation dead time to 24 microseconds.

END IF

Calculate the total dead time due to interrogations.

Calculate the total dead time due to ground ATC, TCAS II M
suppressions, and TCAS II M misaddresses.

Sum the above to find the total dead time.

Estimate and store the probability of reply for that aircraft.
Compute antenna coupling between victim and TCAS II M-equipped
aircraft.

Get propagation loss between TCAS II M-equipped aircraft and

victim aircraft from TCAS II M environmental file.
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N. Add this power to the transmission power of the victim in dBm
plus a constant adjustment factor.

0. Make further adjustments if victim aircraft is TCAS [T M-
equipped.

P. add this power to the gain to get total power.

Q. IF total power is greater than the TCAS II M-equipped aircraft's
sensitivity, THEN
1. Compute and store the fruit received at TCAS II M-equipped

aircraft from victim aircraft.
R. END IF
6. END LOOP

7. Return.

Called by: CIRCAS

Subroutines called: None.
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3.3.16 Subroutine: DISMOD

PURPOSE: To schedule Mode S discrete interrogations.

INPUTS: Adjusted TCAS II M sensitivities, TCAS II M environmental file, TCAS
II M identity, aircraft deployment file, fruit level seen by each TCAS II
M, adjusted TCAS II M power levels, misaddresses, total interrogations
received by each aircraft, maximum interrogation failures allowed for each
scan of each acquisition trial, aircraft sensitivities, Mode S track file,

TCAS II M pointer file, simulation time, and aircraft transmission powers.

PROCEDURE: Each aircraft in the track file of the TCAS II M is examined and
its state is determined. Using statistical methods, this suBroutine
schedules discrete Mode S interrogations and simulates the development of
target track states. The victim aircraft are moved from state to state as

necessary and the various timers are adjusted as necessary.

OUTPUTS: Mode S replies received at each TCAS II M-equipped aircraft, Mode S
addresses to each aircraft, Mode S intertoqétion counter, numbér of victim
aircraft in dormancy, acquisition counter, dormancy counter, roll call
counter, squitter state counter, null state counter, number of aircraft
TCAS II M has of interest in roll call, top or bottom antenna indicator,
victim aircraft identity, the number of TCAS II M transmissions, and the

Mode S track file.

VARIABLES OF INTEREST

Description Variable Name

Adjusted TCAS II M sensitivities SESIT

Interrogation rate at each TCAS II M DRATE

TCAS II M environmental file ICASFI
‘fCAS II M identifier I1

Type of each aircraft IJFILE
Aircraft deployment file TIFILE
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Fruit level seen by each TCAS II M
Adjusted TCAS II M power levels
Misaddresses

Addresed rate to each aircraft

Total number of interrogations
received

Maximum interrogation rate in
roll call

Maximum failed interrogations/scan
Trial 1
Trial 2
Trial 3
Trial 4 and above
Mode S interrogation rate count
Number of aircraft in dormancy state
Acquisition counter
Dormancy counter
Roll call counter
Squitter state counter
Null state counter
Number of aircraft in roll call
Aircraft sensitivities
Indicates where TCAS II M transmitted
Victim aircraft
TCAS II M transmissions
Mode S track file
TCAS II M pointer file
Elapsed time in simulation

Aircraft transmission powers

PROCESS:

FRUTT
AMSP
MIS
DINTRT

UPRATE

IROL

ITRIL?
ITRIL2
ITRIL3
ITRIL4
ACQSUM
DORSUM
MAD
MDOR
MROL
MSQ
NULL
ROLSUM
JSENS
ITOB

K
LPLUS
ITRACK
I111
ITIME

JTRANS

1. IF at the beginning of a search cycle THEN

A. Zero out counters for roll call,

dormancy, acquisition,

states, as well as the interrogation, suppression,

misaddress counter arrays.
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2.
3.
4.
5.
6.
7.
8.

END IF

Set the number of Mode S tracks to 500.

Zero out the interrogation counter at the TCAS II M.

Locate TCAS II M in aircraft characteristics file.

Find the altitude of the TCAS II M in statute miles.

Initialize the number of interrogations sent by TCAS II M to =zero.

Initialize the number of other TCAS II M-equipped aircraft detected

by the given TCAS II M to zero.

LOOP over the 500 tracks.

A.
B.

C.

J.

K.

L.
M.
N.

O.

P.

Q.

Skip if there is no aircraft in this track.

Get identity of aircraft in track.

Determine the floating point and integer averages of the number

of interrogations received by the victim aircraft.

Find the difference between the floating point and integer
averages.

CALL RANN: Get a random number.

IF the random number is greater than the fractional portion of
the average THEN

Te Add one to the integer average.

END IF

IFP the integer average is less than one THEN

T. Set it equal to one.

END IF

Find the altitude of the victim aircraft in statute miles.
FPind the absolute difference in the altitudes of the two
aircraft,

Get the slant range between the two aircraft.

Find the victim aircraft type.

Skip the rest of this loop if victim is ATCRBS-equipped.

3

Get the received power at the victim aircraft from the TCAS II M

transmissions.
Find the interrogation power of the TCAS II M.

Find the reply power of the victim.
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We

Y.

N
.

AA.

BB.

cC.

DD .

EE.

Determine the antenna gains of the TCAS II M-equipped aircraft

and the victim aircraft and sum them to find the total gain.

The total interrogation power is the quantity found in 9.P plus

the total gain.

The total reply power is the quantity found in 9.0 plus the

total gain.

IF the victim aircraft is TCAS II M equipped AND its reply power

is above the sensitivity of the TCAS I1 M THEN

1. CALL TSQUIT: Count the TCAS II M-equipped aircraft
detected by squitter and set the squitter start time.

END IF

IF the fruit seen by the TCAS II M-equipped aircraft is less

than 100 THEN

1. Set the fruit level to 100.

END IF

Find the probability of clear reception of the victim aircraft's

reply signal by the TCAS II M-equipped aircraft using a curve-

fitting technique. (The probability of clear reception depends

on the received power and the fruit level seen by the TCAS II

M. The curves were supplied by Lincoln Laboratory and are

sinusoidal in nature on the intervals under consideration.)

Find the maximum relative velocity of the two aircraft.

Find the Time to Endanger (TE = range/maximum relative

velocity).

Set the decode indicator to zero (false).

Get the trial, scan, clock, and state values from the Mode S

track file.

IF the victim's reply power is below the TCAS II M-equipped

aircraft's transponders instantaneous sensitivity THEN

1. Set the probability of decode to zero.

END IF



DOT/FAA/PM-85/22

FF.

Section 3

IF the victim's reply power is below the TCAS ITI M sensitivity

OR the victim is currently in the null state THEN

1.
2.
3.
4.

5.
6.

8.
ELSE

2.
3.

Set the number of squitters received equal to zero.

Increment the null state counter by one.

CALL RANN: Get a random number.

IF the random number is less than the probability of decode

AND the aircraft is in the null state THEN

a. Increment the number of received squitters by one.

END IF

IF the TCAS II M received one squitter from the victim THEN

a. Place the aircraft in the squitter state.

b. Set the timer to 16 seconds. (This is the time during
which a second squitter must be received in order for
the aircraft to be placed in a higher state).

ELSE

a. Place the aircraft in the null state.

b. Set the timer to zero,

C. Set the scan number to zero.

d. Set the trial to zero.

e, Set the acquisition correlating reply indicator equal
to zero.
END IF

IF the aircraft is in the squitter state THEN
Decrement the timer by one.
Increment the squitter state counter by one.
IF the sequence of scans has begun THEN
a. IF on the first scan THEN
1. Set the clock increment to 20.
b. ELSE IF on the second scan THEN
1. Set the clock increment to 16.
C. ELSE IF on the third scan THEN
1. Set the clock increment to 8.
d. ELSE IF on the fourth scan THEN

1. Set the clock increment to 4.

3-44



bot/ FAA/PM—BS/ZZ Section 3

(238 FLSE
1. Set the clock iLncrement to 2.
f. END IF
g. LOOP over the average number of TCAS II M
interrogations.
1. CALL RANN: Get a random number.
2. IF the random number is less than the probability
of decode THEN
a. Add the clock increment to the timer.
b. Set the decode indicator to one (true).
3. END IF

4, IP the clock has reached or exceeded zero THEN

a. Put the victim aircraft in the acquisition
state,

b. Set the scan indicator to zero.

c. Proceed to the next trial.

d. IF the trigl number is greater than four
THEN

1. Set the trial to four.

e. END IF

f. Zero out the clock.

g. Store the clock, trial, scan, and state
values.

h. ‘ Return.

5. END IF

h. END LOOP

i. CALL RANN: Get a random number.

j. IF the random number is less than the probability of
clear reply THEN
1. Add the clock increment to the timer.

ke END IF

1. IF the timer has reached or exceeded zero THEN
1. Put the victim aircraft in the acquisition state.
2. Set the scan indicator to zero.
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ELSE
a L

b.

e

Section 3

3. Proceed Lo the next trial.,
4, IF the trial number is greater than four THFEN
a. Set the trial number to four.

5. END IF
6. Zero out the clock.

ELSE IF the timer is less than or equal to -40 THEN

1. Place the aircraft in the null state.

2. Set the trial and scan indicators to zero.
3. Zero out the clock.

4. Set the acquisition reply indicator to zero.
FND IF

IF the timer is greater than or equal to -1 THEN

Set the number of squitters received to zero.

LOOP over one less than the average number of TCAS II

M interrogations. '

1. CALL RANN: Get a random number.

2. IF the random number is less than the probability
of decode THEN
a. Set the decode indicator to one (true),
b, Add one to the number of squitters received.
Ce END LOOP

3. END IF

END LOOP

CALL RANN: Get a random number,

IF the random nﬁmber is less than the probability of

clear reply THEN ’

Te Add one to the number of squitters received.

END IF

IF the number of sguitters received is not equal to

zero THEN

1. IF a squitter has beén correctly decoded AND the
altitudes of the two aircraft differ by more than
9000 feet THEN

a. Set the clock to 16 seconds.
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HH.

Section 3

2. ELSE
a. Place the victim aircraft in the acquisition
state,
b. Increment the trial number if it is less

than four.
C. Set the clock to zero.
3. END IF
h. END IF

ELSE

a. Set the clock to zero.

b. Place the aircraft in the null state.

Ce. Set the trial and scan indicators to zero.
d. Set the acquisition reply indicator to zero.
END IF

IF the victim aircraft is in the acquisition state THEN
Increment the scan indicator.
Increment the acquisition counter.

IP all six scans of the trial sequence have been completed

THEN

a. Place the victim aircraft in the squitter state.

b. Set the scan back to zero.

c. Set the clock to zero.

d. Set the acquisition reply indicator to zero.

ELSE

a. Look up the number of failed interrogations allowed

during this scan.

b. IFP the number of failed interrogations is not equal to
zero THEN
1. Set the correlating reply counter to zero.

2. DO WHILE the TCAS II M has received less than two
correlating replies AND the maximum number of
failures has not been exceeded.

a. CALL RANN: Get a random number between zero

and one.
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Increment the TCAS II M transmission counter

by one.

Determine from which TCAS II M antenna the

victim aircraft received the interrogation.

Add one to the Mode S interrogation rate

counter.

Increment the TCAS II M interrogation rate

counter,

IP the interrogation power received by the

victim is greater than or equal to its

sensitivity THEN

1. Increment the Mode S address counter.

2. IF the random number is less than the
probability of the TCAS II M receiving

a correlating reply THEN

a. Increment the correlating reply
counter,
3. END IF

4. IF the TCAS II M has received two

correlating replies THEN

a. Set the scan and trial indicators
to zero.
b. Reset the acquisition reply

indicator.
C. IF the time to endanger is greater

than 43 seconds THEN

1 Place the victim aircraft in
the dormancy state.

2. Set the clock to the time to
endanger minus 43 seconds.

3. Increment the dormancy

counter.
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4.

g.

Section 3

d., ELSE
1. Place the victim aircraft in
the roll call state.
2. Set. the clock to zero.
e. END IF
5. END IF

END IF

END WHILE

IF the TCAS II M-equipped aircraft received one

and only one reply during the scan THEN

Ae

Ce

IF this was the final scan OR a reply was
received during a previous scan THEN
1. IF the time to endanger is greater than
43 seconds THEN
a. Set the trial, scan, and reply
indicators to zero.
b. Place the victim aircraft in the
dormancy state.
C. Set the clock to the time to
endanger minus 43 seconds.
d. Add one to the dormancy counter.
2. ELSE IF a reply was received during a
previous scan (but the time to endanger
is within 43 seconds) THEN
a. Place the aircraft in the roll
call state.
b. Set the clock to zero.
Ce. Set the scan, trial, and reply
indicators to zero.
3. END IF
ELSE (if this wasn't the final scan and no
other replies have been received)
1. Set the reply indicator to one.

END IF
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5.
ELSE

2.
3.
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END IF

Ce END IF

END IF

IF the victim aircraft is in the roll call state THEN

Increment the scan indicator.

Increment the roll call counter.

IF all ten roll call scans have been completed THEN

a. Place the victim aircraft in the squitter state,

b. Set the clock to 16 seconds.

Ce. Set the trial, scan, and reply indicators to zero.
ELSE
ae Find the maximum number of interrogations allowed.

b. DO UNTIL a correlating reply is received.

1.
2.
3.

5.
6.

7.

CALL RANN: Get a random number,
Increment the TCAS II M interrogation counter.
Determine the TCAS II M antenna from which the
victim received the interrogation.
Add one to the Mode S interrogation rate counter.
Add one to the roll call interrogation counter.
IF the interrogation power the victim aircrft
received is above its sensitivity level THEN
a. Add one to the Mode S address counter.
b. IF the random number is below the
probability of a correlating reply THEN
1. Set the scan indicator to zero.
2. IF the time to endanger is greater than
40 seconds THEN
a. Place the aircraft in dormancy.
b. Increment the dormancy counter.
Ce Set the clock to the time to
endanger minus 40 seconds.
3. END IF
Ce END IF
END IF
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JJ. ELSE

4.

Section

Co FND UNTII.

END IF

IF the victim aircraft is in the dormancy state THEN
Decrement the clock.

Increment the dormancy counter.

IF there is no time left on the clock THEN

a. Place the aircraft in the squitter state.

b. Set the clock to 16 seconds.

Ce Set the trial, scan, and reply indicators to zero.

END IF

KK. END IF

LL. Store

the clock, state, scan, trial, and reply information.

MM. Total the number of TCAS II M interrogations made.

10. END LOOP

11. Return.

Called by; CIRCAS

Subroutines called:

RANN, TSQUIT

3
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3.3.17 Subroutine: TSQUIT

PURPOSE: To count the number of TCAS II M-equipped aircraft detected by

squitters and to set the squitter phase,

INPUTS: TCAS II M identity, victim aircraft (also TCAS 1II M-equipped)
identity, number of TCAS II M-equipped aircraft, TCAS II M pointer file,
elapsed time in simulation, probability of reply for each aircraft, and

the TCAS II M squitter phase.

PROCEDURE: The number of TCAS II M aircraft that are detected by squitter
(NTADS) at each TCAS II M aircraft is incremented by one when the
received power of the squitter is greater than the receiver
sensitivity, the probability of reception of a pulse is sufficiently
high, and the TCAS II M aircraft is not currently in the squitter
file. The NTADS is decremented if the TCAS II M aircraft is in the
squitter file and the elapsed time since the reception of the last

squitter is greater than 20 seconds.

OUTPUTS: Number of TCAS II M-equipped victim aircraft detected, and the

squitter phase for the given TCAS II M.

VARIABLES OF INTEREST

Description Variable Name
TCAS II M identity I1

Victim aircraft identity K

Number of TCAS II M detected NOW

Number of TCAS II M-equipped aircraft NUMTCA
TCAS II M pointer file I111

Elapsed time in simulation ITIME
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Probability of reply for cach aircraft PREP

TCAS 1II M squitter phase

PROCESS:

2,
3.
4.
5.

Get the identity of the k-th TCAS II M aircraft.
Initialize time of last squitter if necessary.
Get time of last received squitter from squitter file,

Compute elapsed time since last received squitter (At).

IF time=1 THEN

TCS'T

Section 3

A. Add to the squitter all TCAS II M aircraft that are detected and

have a probability of reply greater than a random number.

B. Count the number of aircraft detected by squitter.
ELSE IF At>20 and k-th TCAS is in the squitter file, THEN
A. Decrement the number of TCAS detected by squitter by 1.

B. Delete k-th aircraft from the squitter file.

ELSE IF At = 0O,
files, THEN

10, or 20 and the k-th TCAS is not in the squitter

A. IF the received power is greater than the sensitivity, THEN

1. Increment the number of TCAS detected by squitter by 1.

2. Add k~-th TCAS to squitter file.

B. END IF
END IF

RETURN

Called by: DISMOD

Subroutines called: RANN
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3.3.18 Subroutine: TCSMOT

PURPOSE: To produce time-averaged values of the emission powers and
interrogation rates of all TCAS II M-equipped aircraft over a 16-second

smoothing period.

INPUTS: Total interrogations transmitted by each TCAS II M-equipped aircraft
during the past second, TCAS II M-equipped aircraft, adjusted TCAS II M
transmission power, TCAS II M pointer file, simulation time, and

transmission powers of all aircraft.

PROCEDURE: For each TCAS II M aircraft, the Mode S interrogation power and
interrrogation rates are stored for the previous 16 seconds of the
simulation. The average power and rates are calculated using the stored
values. If the simulation time is less than 16 seconds, the averages are

computed for the entire simulation time.

OUTPUTS: Smoothed emission power and interrogation rate,

VARIABLES OF INTEREST

Description Variable Name
TCAS II M identity II
Total interrogations transmitted by DRATE

each TCAS II M

Adjusted TCAS II M transmission power AMSP

Smoothed emission power TIS
Smoothed interrogation rate TPS
TCAS II M pointer file I111
Elapsed time in simulation ITIME
Transmission power of each aircraft JTRANS
Values of all TCAS II M emission JTA

powers and interrogation rates for
the past 16 seconds
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PROCESS :

1.

6.

7.

9.

Get location of TCAS II M-ecquipped aircraft of interest in general

aircraft file.

IF at the beginning of a new search cycle THEN

A. Determine which column of the array holding all values of the
interrogation rates and emission powers for the last sixteen

seconds will be replaced with the new values.

Be. IP simulation time is at least sixteen seconds, THEN
1. Set smoothing period to sixteen seconds.

C. ELSE
1. Set smoothing period to simulation time.

D. END IF

END IF

Round the interrogation rate to the nearest integer and store the

rounded value in the array holding the values from the last sixteen

seconds.

Compute the power emitted by the TCAS II M-equipped aircraft at its

last transmission and store this as an integer value in the array

holding the values from the last sixteeﬁ seconds.

Zero out the last smoothed values for this particular TCAS II M.

LOOP over smoothing time interval.

A. Sum the interrogation rates divided by the length of the time
interval to produce the time-averaged rate.

B. Sum the emission powers divided by the length of the time
interval to produce the time-averaged rate.

END LOOP

Return.

Called by: CIRCAS

Subroutines called: None.

3
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3.3.19 Agubroutine: DISINT

PURPOSE: To compute Mode S addressed and misaddressed rates ak each aircraft,

INPUTS: Mode S interrogations transmitted by each TCAS II M-equipped
aircraft, the TCAS II M-equipped aircraft identity, number of aircraft in
deployment, number of ATCRBS-equipped aircraft in deployment, adjusted
TCAS II M emission power, transponder characteristic files, array that
indicates whether the TCAS II M transmitted on the top or bhottom antenna,
the number of TCAS II M transmissions, the number of TCAS II M-equipped

- aircraft, TCAS II M pointer file, and the simulation time.

PROCEDURE: For all aircraft within range of the TCAS II M, the received power
from each TCAS II M aircraft is calculated. A misaddress is counted if
the received power is above the victim sensitivity, and an addressed

interrogation is counted for each Mode S-equipped aircraft.

OUTPUTS: Mode S misaddresses and addresses to each aircraft, total
addresses each aircraft received during entire simulation, and tntal

addresses each aircraft received during previous search cycle,

VARIABLES OF INTEREST

Description Variable Name
Total interrogations transmitted by CBRATE

each aircraft
TCAS II M identity II
Number of aircraft in deployment NAC
Number of ATCRBS-equipped aircraft IATCR
Adjusted TCAS II M emission power AMSP
Misaddresses at each aircraft MIS
Mode S interrogations transmitted DRATE

during previous search cycle

Total interrogations each aircraft UPRATE
received during entire simulation

Sensitivity levels of all aircraft JSENS
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Number of addressed interrogations ADRESS
received

Indicator of whether TCAS II M I'TOR
transmitted on its top or bottom
antenna :

Number of TCAS II M transmissions LPLUS

Number of TCAS II M-equipped aircraft NUMTCA

TCAS II M pointer file I111
Simulation time ITIME
Transmission power for all aircraft JTRANS
PROCESS:

1. Get TCAS II M identity.
2. LOOP over all aircraft.
A. Skip all aircraft not within range of TCAS II M,
B. Get antenna couplings between TCAS II M-equipped and victim
aircraft.
C. Get victim aircraft type.
D. LOOP over all TCAS II M transmissions

1. Determine which TCAS II M antenna transmitted the
interrogation.

2. Determine on which antenna the victim aircraft received the
TCAS II M signal.

3. Sum the gains associated with the two antennas ahove to
determine the total gain.

4. Get the free space propagation loss from the TCAS II M
environmental file.

5. Get the TCAS II M transmission power in watts and
kilowatts.

6. Calculate the total power loss in dB and add it to the
total gain to determine the power received at the victim
aircraft.

7. If this power is greater than the victim sensitivity, count
a misaddress.

E. END LOOP
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3.

4.

5.
6.

Called

Subroutines called:

Section 3

END LOOP
IF at end of search cycle, THFN
A. LOQP over all aircraft.
1) IF not ATCRBS-equipped aircraft THEN
a. Increment Mode S interrogation counter.
2. END IF
3. Add new Mode S addresses to all past addresses to get total
for simulation.
4. Set address rate equal to interrogation counter.
5. Zero out interrogation counter.
B. END LOOP
END IF
Return.
by: CIRCAS

None.
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3.3.20 Subroutine: ATMOD

PURPOSE: To determine the TCAS II M whisper-shout interrogation rate at each

aircraft.

INPUTS: TCAS II M top antenna sum patterns, TCAS II M top antenna
difference patterns, TCAS II M environmental file, antenna couplings
between TCAS II M and victim aircraft, TCAS II M identity, number of
aircraft in deployment, sensitivity level of all aircraft, TCAS II M
pointer file, TCAS II M interrogations to ATCRBS-equipped aircraft,

TCAS II M-produced ATCRBS suppressions, TCAS II M interrogations to
Mode S, TCAS II M-produced Mode S suppressions, simulation time,
transmission power levels of all aircraft, whisper-shout truncation, and

elevation antenna patterns for all five TCAS II M antennas.

PROCEDURE: For each aircraft within 50 nmi of the given TCAS II M, the
received power of each whisper-shout interrogation and suppression is
computed. The number of suppressions received at the victim is
incremented whenever the received power is greater than the victim
receiver sensitivity, and the number of interrogations received is
incremented when the received power is greater than the sensitivity and a

suppression did not occur.

OUTPUTS: TCAS II M interrogations to ATCRBS, TCAS II M-produced ATCRBS
suppressions, TCAS II M interrogations to Mode S, TCAS II M-produced

Mode S suppressions.

VARIABLES OF INTEREST

Description variable Name

TCAS II M top antenna sum patterns AZPAT
TCAS II M top antenna difference patterns DIFPAT
TCAS II M environmental file ICASFI

Antenna couplings beteen TCAS II M- IJFILE
equipped and victim aircraft
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TCAS

Number of

[T M identity

aircratt in deployment

Sensitivity levels of all aircraft

TCAS
TCAS
TCAS
TCAS

TCAS

II M pointer file

IT1 M interrogations to ATCRBS

I1 M-produced ATCRBS suppressions
II M interrogations to Mode S

II M-produced Mode A suppressions

Simulation time

Transmission power of all aircraft

Whisper-shout truncation

Truncation sequence:

Back antenna

Bottom antenna

Front antenna

Side antennas

PROCESS:

1. Get location of TCAS II M.

2. LOOP over all aircraft.

A. Skip if aircraft is out of TCAS II M range,

B. Find victim aircraft type.

C. Find relative bearing (in degrees) between two aircraft.

D. Get sensitivity of victim aircraft.

E. Get antenna couplings.

F. Find free space propagation loss between the two aircraft.

G. Get transmission power of TCAS II M in watts.

H. Find the total power without antenna gains (TCAS II M
transmission power - free space propagation loss - cable
losses).

I. IF the received signal is undetectable (less than -84 dBm) THEN
1. END LOOP

Je END IF

K. Find gain at victim antenna.

Section

[r
NAC
JSENS
It
IATIN
IATSU
IDAEN
IDABS
ITIME
JTRANS

ILWS

IPRB
IPRBO
IPRF

IPRS

3
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e Get integer designating 90 deqgree sector between TCAS [T M and
victim,.
M. LOOP over five TCAS II M antennas.
1. IFP integer designating 90 degree sector being analyzed is
greater than 36 (360 degrees) THEN
a. Set it equal to 36 (360 degrees).
2. ELSE IF integer designating 90 degree sector being analyzed
is less than zero THEN

a. Add 36 (360 degrees) to it to make it positive.

3. ELSE IF integer designating 90 degree sector equals zero
THEN
a. Set it equal to one (10 degrees).

4. END IF
5. Get sum antenna pattern.
6. Get difference antenna pattern.
7. Move to next 90-degree sector if next antenna is not a
front antenna.
8. Set drop between whisper-shout emissions to 3 dB.
9. LOOP over all whisper-shout levels.
a. IF analyzing bottom antenna THEN
1. Get whisper-shout power from array IPRBOT.
b. ELSE IF analyzing top front antenna THEN
1. Get whisper-shout power from array TPRF.
C. ELSE IF analyzing right side antenna THEN
Te Get whisper-shout power from array IPRS.
d. ELSE IF analyzing rear antenna THEN
1. Get whisper-shout power from array IPRB.
e. ELSE (left side antenna)
1. Get whisper-shout power from array IPRS.
f. END IF
g. IF the amount of power cut in interference limiting
exceeds or equals the whisper-shout power for the
given antenna THEN

1. END LOOP
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KND IF

subtract the level being analyzed from the total
number of levels to get the total attenuation.

Find the interrogation power by subtracting the
attenuation from the total power.

Find the suppression power by subtracting the whisper-
shout power drop from the interrogation power.

If at the first level of the sequence, set the
suppression power to -100 dBm.

Decrement the whisper-shout power drop by one.

IF the whisper-shout power drop is less than one dB
THEN

1. Set the whisper-shout power drop equal to 3 dB.
END IF

IF the whisper-shout power drop is equal to 1 dB AND
the victim aircraft is ATCRBSéequipped THEN

1. Set the whisper-shout power drop to 3 dB.

END IF

Find the total antenna gain by adding the appropriate
TCAS II M gain to the victim aircraft gain.

Find the sum interrogation power by summing the TCAS
II M sum antenna gain, the interrogation power, and
the total antenna gain.

Sum the interrogation power, the TCAS II M difference
antenna pattern, and the total antenna gain to find
the interrogation difference power.

Sum the suppression power, the sum antenna pattern,
and the total antenna gain to find the suppression sum
power.

Zero out the omnidirectional antenna's interrogation
power.

IF analyzing bottom front antenna THEN

1 Set omnidirectional power equal to the sum of the

total power and the total antenna gain.
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2.

7.

Section 3

IF at firat level of whisper-shout THEN
e Subtract 19 dB from the omnidirectional
power.,

b. IF victim aircraft is an ATCRBS-equipped
aircraft THEN
1. Set omnidirectional suppression power

to -110 dBm.

Ce ELSE
2. IF at first level of whisper-shout THEN

d. END IF

ELSE IF at second whisper-shout level THEN

a. Subtract 17 dB from omnidirectional
interrogation power.

b. Set omnidirectional suppression power 3 dB
lower than omnidirectional interrogation
power.

ELSE IF at third whisper-shout level THEN

a. Subtract 15 dB from omnidirectional
interrogation power.

b. Set omnidirectional suppression power 3 dB
lower than omnidirectional interrogation
power.

ELSE IF at last whisper-shout level THEN

a. Subtract 13 dB from omnidirectional
interrogation power.

b. Set omnidirectional suppression power 3 dB
lower than omnidirectional interrogation
power.

END IF

Set difference interrogation power, sum

interrogation power, and sum suppression power to

zZero.
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8. IFP omnidirectional suppression power 1is greater
than or equal to victim sensitivity THEN
a. Add a suppression at victim in Mode S

suppressions array if victim is Mode S- or
TCAS II M-equipped, or in ATCRBS
suppressions array if victim is ATCRBS-
equipped.

9. ELSE IF omnidirectional interrogation power is
greater than or equal to victim sensitivity THEN
a. Add an interrogation at the victim aircraft

to the ATCRBS interrogations array or the
Mode S/TCAS II M interrogations array,
depending on whether the victim is Mode
S/TCAS II M-equipped or ATCRBS-equipped.

10. END IF

ELSE

1. IF sum suppression power 1s greater than or equal
to victim sensitivity THEN
a. Add a suppresion at victim in Mode S

suppressions array if victim is Mode S- or
TCAS II M-equipped, or in ATCRBS
suppressions array if victim is ATCRBS-
equipped.

2. ELSE IF sum interrogation power is greater than
difference interrogation power AND sum
interrogation power is greater than or equal to
victim sensitivity THEN
a, Add an interrogation at the victim aircraft

to the ATCRBS interrogations array or the
Mode S/TCAS II M interrogations array,
depending on whether the victim is Mode
S/TCAS II M-equipped or ATCRBS-equipped.
3. END IF
END IF
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10. END LOOP
N. END LOOP
3. END LOOP

4, Return.

Called by: CIRCAS

Subroutines called: None,

Section 3
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3.3.21 Subroutine: IH'I'LI

PURPOSE: To adjust TCAS II M power and sensitivity as necessary to ensure

that the three interference limiting inequalities are satisfied.

Adjusted sensitivity levels of TCAS II M-equipped aircraft, TCAS II M

INPUTS:
sensitivity levels of all

identity, adjusted power levels of TCAS II M,
number of TCAS II M-equipped aircraft detected, smoothed

aircraft,
TCAS II M pointer file,

emission powers, smoothed interrogation rates,

elapsed time, and transmission power of all aircraft.

PROCEDURE: Interference-limiting adjustments are made to satisfy the

following three inequalities:

I P(i) 280
L < (2-1)
1=1 250 watts 1 + NTA

I
LI M(i) € 0.01 second (2-2)
i=1
K PA(k) 80
% < (2-3)
k=1 250 watts 1 + NTA
Figure

The symbols in the above equations were described in Section 2.

3-2 illustrates the logic flow of the interference-limiting process.

Adjusted sensitivity level of TCAS II M, adjusted power level of TCAS

OUTPUTS :
inequality (2-3) satisfaction indicator,

ITI M, 16-second freeze counter,
total ATCRBS power radiated, peak ATCRBS power, whisper-shout truncation,

and number of TCAS II M-equipped aircraft detected.



L9-¢

START

ELIMINATE W-S"
STEPS TO SATISFY
INEQUALITY (2-3)

*NCTE: W-3 MEANS

FREEZE SET ON

- RETURN
OTHER CHANGES?

NO

-——.{ DROP 1 W-S STEP1F

w ADD 1 W-S STEP =

WILL

ADDING A
W-35 STEP YVIOLATE
INEQUALITY (2-3)?

NO

INEQUALITIES
(2-1) & (2-2)
SATISFIED?

MODE 3 RANGE
EXCEED ATCRBS
RANGE?

CAN
MODE S RANGE
BE INCREASED?

ADDING
STEP

MODE S RANGE
EXCEED ATCRBS

12-1) DR

RETURN
FOR MODE § FOR MODE S
REDUCE PWR 1 dB REDUCE PWR 1 dB
INCREASE MTL 1 dB INCREASE MTL 1 dB

SET 16-SECOND
FREEZE ON p——————————® RETURN
OTHER CHANGES

Figure 3-3. Interference-limiting algorithm flow diagram.
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VARIABLES OF INTEREST

Description

Adjusted sensitivity levels of TCAS II M-

equipped aircraft
TCAS II M identity
Adjusted power levels of TCAS II M
16~-second freeze counter
Whisper-shout steps allowed for each
TCAS IT M
Peak ATCRBS power
Total ATCRBS power radiated
Sensitivity levels of all aircraft

Number of TCAS II M-equipped aircraft
detected

Smoothed emission powers

Smoothed interrogation rates

TCAS II M pointer file

Elapsed time

Transmission power of all aircraft

Return Point Indicator

PROCESS:

Variahle Name

SESIT

IT
AMSP
IRESET

NWSL

PMAX
TPOW
JSENS

NOW

TIS
TPS
I111
ITIME
JTRANS

IRETRN

1. Get identity of TCAS II M-equipped aircraft.

2. Decrement 16-second freeze counter.

3. Compute right-hand side of Equations 1 and 3 (RSEQ1, RSEQ3).

4. Eliminate whisper-shout (w-s) steps to satisfy Equation 3.

Section 3

A. IF the sum of the power over all whisper-shout steps is greater

than RSEQ3, THEN

1. IF number of whisper-shout level (NWSL) = O, THEN

a. Set return indicator to O.

be Return.
2. END IF
3. Remove 1 w-s level.

4. Go to step 5.
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B. END IF
5. Check t16-second freeze clock.
6. IF freeze clock > 0, THEN
1. Set return indicator to 1
2. Return.
7. ELSE
A. Check Equations 1 and 2.
B. Compute total Mode S power transmitted.
C. Compute total w-s power transmitted.
D. Compute total Mode S + w-s power.
E. Compute total self-suppression deadtime.
F. IF Equation 1 and Equation 2 are satisfied, THEN
1. IF Mode S range is greater than ATCRBS range, THEN
a. Check to see if all w-s levels are used.
b. Compute total w-s pdwer radiated with 1 additional

w-s level.

C. IFP Equation 3 is satisfied with new total w-s power,
THEN
1. IF Equations 1 and 2 are satisfied with one

additional w-s step, THEN
a. Add 1 w-s level.
b. Go to Step 7.
2. ELSE
a. Set return indicater to 3.
b. Return.
3. END IF
d. END IF
2. END IF
3. IF Instantaneous Mode S power is less than maximum Mode S
power and instantaneous sensitivity is greater than minimum
sensitivity, THEN
a. Increase Mode S power by 1 dB.
b. Decrease sensitivity by 1 dB.

C. Reset freeze counter.

3-69
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a. Set return indicator to 4.
e, Return,

4. ELSE
a. Set return indicator to 5.

b. Return.
5. END IF

Ge. ELSE
1. IF Mode S range 1is greater than ATCRBS range, THEN

a. Decrease Mode S power by 1 dB.

b. Increase sensitivity by 1 dB.
C. Reset freeze counter,
d. Set return indicator to 6.
e. Return,
2. ELSE

ae Delete 1 w-s level
b. Go to step 7.
3. END IF
H. END IF
8. END IF
9. Return

10. End

Called by: CIRCAS

Functions called: HIATPW
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3.3.22 FUNCTION HIATPW

PURPOSE: This function determines the highest whisper-shout power sent when a

total of N whisper-shout steps are transmitted.

INPUTS: Number of whisper-shout levels used.

PROCEDURE: The highest power transmitted over the top antenna in the front
lobe is determined using Figure 2-1 and the number of whisper-shout steps
transmitted by a given TCAS II M aircraft.

OUTPUT: Highest whisper-shout power transmitted.

VARIABLES OF INTEREST

Description Variable Name
Highest transmitted power HIATPW
Number of whisper-shout levels sent NWSL
PROCESS:
1. Use of number of whisper-shout levels sent to find the highest

pfiority level sent.

2. IF the highest priority sent > 79, THEN
Find the highest power level sent on the top antenna,

3. FLSE
Find the highest power level (in dBm) sent on the bottom
antenna.

4. END IF

5. Convert the power level to watts,

6. Return.

{1lled by: INTLI

Subroutines called: None.
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3.3.23 §Ekf§5§i99ﬁ- STATS

PURPOSE: To write out the TCAS TI M parameters of interest after each second,

INPUTS: All common variables of interest,

PROCEDURE: At the end of each second, the TCAS II M variables of interest are
written for each TCAS II M aircraft. The mean values of the variables of
interest are computed by averaging over all TCAS II M aircraft in the
environment.

OUTPUT: TCAS II M statistics.

VARIABLES OF INTEREST

Description variable Name
Aircraft ID I111

TCAS II M ID IT
Probability of Reply PREP

Number of fruit received FRUIT

Number of TCAS II M detected by squitter NOW

Mode S interrogation rate DRATE

Number of Mode S acquisition interrogators ACQSUM

Number of Mode S roll-call interrogators ROLSUM
Number of Mode S misaddresses received MIS
Number of aircraft in the track file NACTRIC
Number of aircraft in the null state NULL
Number of aircraft in the squitter state MSQ
Number of aircraft in the acquisition

state MAQ
Nunber of aircraft in the roll-call state MROL
Number of aircraft in the dormant state MDOR
Number of whisper-shout steps sent NWSL
Total Mode S and ATCRBS power sent TPOW
Maximum Mode S power transmitted MAXMSP
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Mode S freeze counter IRESET

Interference limiting condition indicator IRFTRN

PROCESS:

1. IF First TCAS II M aircraft in file, THEN
a. Write heading.
b. Clear array containing averaged values,
2. END IF
3. Convert specific real-valued variables to integer format.
4. Write out variables of interest.
5. Compute the sum of each variable of interest over all TCAS II M
aircraft.
6. IF Last TCAS II M aircraft in file, THEN
a. Compute the average for the variables of interest.
b. Write the average value for the variables of interest.
7. END IF

8. Return.

Called By: CIRCAS

Subroutines called: None.

3-73
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3.3.24 Subroutine: FILES

PURPOSE: To create an output disk file to be used as input data to the
DABS/ATCRBS/AIMS PPM which will determine net effects of deploying TCAS

systems in the environment.

INPUTS: Total interrogations received by each TCAS II M, number of aircraft,
number of whisper-shout levels each TCAS 1II M-equipped aircraft uses, Mode
S addresses and misaddresses, ATCRBS and Mode S interrogations and

suppressions due to TCAS II M, and TCAS I interrogations at each aircraft.

PROCEDURE: In a loop over all TCAS II M aircraft, the total amount of mutual
suppression time (due to receiver turn-off during interrogations) is
calculated. The following quantities for each aircraft are output to a
disk file: Mode S addresses and misaddresses, Mode S and ATCRBS
interrogations and suppressions due to TCAS II M emissions, TCAS I

interrogations, and TCAS II M mutual suppression time.

OUTPUTS: Mode S addresses and misaddresses, ATCRBS and Mode S interrogations

and suppressions due to TCAS II M emissions, TCAS I interrogations, and

total amount of TCAS II M suppression time.

VARIABLES OF INTEREST

Description Variable Name
Total TCAS II M suppression time AMTSUP

Mode S misaddresses MIS v

Mode S addresses ADRESS

ATCRBS interrogations IATIN

ATCRBS suppressions IATSU

Mode S interrogations IDABN

Mode S suppressions IDABS

TCAS I interrogations ATCRAT
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Total Lnterrogationg received by ‘PCAS [I M DRATFE
Number of aircraft NAC
Number of whisper-shout levels used by NWSL

each TCAS II M

PROCESS:
1. Set TCAS II M counter to zero.
2. LOOP over all aircraft.
A. IF TCAS II M-equipped aircraft THEN
1. Increment TCAS II M counter.
2. Calculate total TCAS II M suppression time in microseconds using
above counter to locate correct TCAS II M in arrays
(Suppression time = 60.0 times the number of whisper-shout steps
TCAS II M is using + 100.0 times total interrogations received
by TCAS II M transponder).
B. ELSE
1. Set total TCAS II M suppression time to zero.
C. END IF
D. Write the following quantities to output file: Mode S addresses and
misaddresses, Mode S and ATCRBS interrogations and suppressions due
to TCAS II M emissions, TCAS I interrogations, and total TCAS II M
suppression time.
3. END LOOP

4. Return.

Called by: CIRCAS

Subroutines called: None.
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APPENDIX A

PTCAS SEM DATA DICTIONARY

The following data dictionary describes each common variable for

understanding the code.



LABELED
VARIABLE NUMBER OF COMMON
NAME ELEMENTS TYPE BLOCK SUBROUTINES UNITS DESCRIPTION
ACQSUM 1 REAL ROLACQ DISMOD, INT, STATS - MODE S INTERROGATION COUNTER
ADRESS NuATR? REAL SETA DISINT,FILES, INT - MODE S ADDRESSES
AMSP 83 REAL ILMS DISINT,DISMOD, watts ADJUSTED TRANSMISSION POWER FOR
INIT, INTLI, PRESET, TCAS II M AIRCRAFT
STATS, TCSMOT
ANTBQT 19 REAL ANTT ANTGAN, INIT,TCAS1 dBi TRANSMITTING TCAS AIRCRAFT
BOTTOM ANTENNA PATTERN
ANTTOP 19 REAL ANTT ANTGAN, INIT, TCAS1 dBi TRANSMITTING TCAS AIRCRAFT
TOP ANTENNA PATTERN
ATCRAT NUAIR REAL TCRAT? FILES, INIT,STATS, INTERROGATIONS/ TCAS I INTERROGATIONS
TCAS1 SECOND AT EACH AIRCRAFT PER
SECOND
ATSUMP 0:83 REAL ILMS ASPINT, INTLI WATTS TOTAL POWER RADIATED WITH N
WHISPER-SEQUT LEVELS
AZPAT 36 REAL ANTENN ATMOD, INIT dB TCAS II M TOP ANTENNA SUM
PATTERNS
BEARTX 1 " REAL BBBEAR BEAR, LOAD RADIANS HORIZONTAL ANGLE
BETWEEN TCAS II M
AND VICTIM AIRCRAFT
DIFPAT 36 REAL ANTENN ATMOD, INIT dB TCAS II M TOP ANTENNA
DIFFERENCE PATTERNS
DINTRT NUAIR REAL ONT DISINT,DISMOD, ADDRESSES/ MODE S§ ADDRESSED
INIT SECOND RATE TO EATH AIRCRAFT
(PER SECOND)
DIST 1 REAL BBBEAR BEAR, LOAD, TCAS1 NAUTICAL MILES DISTANCE BETWEEN
: TCAS II M AND
VICTIM AIRCRAFT
DORSUM 1 REAL ROLACQ DISMOD, INIT, STATS - NUMBER OF VICTIM
AIRCRAFT TCAS II M OF
INTEREST HAS IN DORMANCY
STATE
DRATE 83 REAL ATE DISINT,DISMOD, INTERROGATIONS/ TOTAL INTERRNDGATIONS
FILES,STATS, TCSMOT SECOND TRANSMITTED BY EACH TCAS II M

(UPDATED ON A SECOND-BY-SECOND
BASIS)

¢t/ GU~Nd /YA /L0
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LABELED

VARIABLE NUMBER OF COMMON
NAME ELEMENTS TYPE BLOCK SUBROUTINES UNITS DESCRIPTION
FRUIT 83 REAL FRUT DISMOD, FRUITA - FRUIT SEEN BY
: INIT, STATS EACH TCAS II M
AIRCRAFT
1111 83 INTEGER TCDATA ANTGAN, ATMOD, - TCAS II M
DISINT,DISMOD, POINTER FILE
FILES,FRUITA,
INIT,INTLT,LOAD,
PRESET, TCSMOT,
TSQUIT, TSTART
IACTOT NVAIR INTEGER TRAN TSTART, TSQUIT - INVERSE TCAS II M POINTER
IADJIN NUAIR INTEGER RATE FRUITA, INIT, INTERROGATIONS/ INTERROGATION RATE
INPUT SECOND FOR EACH AIRCRAFT
DUE TO GROUND ATC
(PER SECOND)
IADJSU NUAIR INTEGER RATE FRUITA,INIT, INPUT SUPPRESSIONS/ SUPPRESSION RATE
SECOND FOR EACH AIRCRAFT
DUE TO GROUND ATC
(PER SECOND)
IATCR 1 INTEGER DPLYMT DISINT, INIT, INPUT - . NUMBER OF ATCRBS AIRCRAFT
IN DEPLOYMENT
IATIN NUAIR INTEGER TCDATA ATMOD, FRUITA, INTERROGATIONS/ ATCRBS INTERROGA-
INIT,STATS SECOND TIONS DUE TO TCAS II M
AIRCRAFT {PER SECOND)
IATSU NUAIR INTEGER TCDATA ATMOD, FRUITA, SUPRESSIONS/ ATCRBS SUPPRESSIONS
INIT,STATS SECOND DUE TO TCAS II M
AIRCRAFT (PER SECOND)
ICASFI 83,NUAIR INTEGER, CAS ANTGAN, ATMOD, - INFORMATION ON VICTIM
PACKED DISINT,DISMOD,

FRUITA,LOAD,
PRESET

10X NAUTICAL MILES
40* RADIANS

i0* dB

AIRCRAFT RELATIVE TO EACH
TCAS II M AIRCRAFT:

SLANT RANGE-BITS(0:8)
BEARING OF VICTIM AIRCRAPT
RELATIVE TO THE HEADING OF
THE TCAS II M AIRCRAFT,
(BITS 9:16)

PROPAGATION PATH LOSS,
(BITS 17:26)

SECTOR IN WHICH VICTIM
AIRCRAFT IS LOCATED,

(BITS 27:33)

VICTIM AIRCRAFT TYPE, SAME
AS IJFILE(N,4), (BITS 34:35)

e/ a8~Wd/¥vd /100
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LABELED
VARIABLE NUMBER OF COMMON
NAME ELEMENTS TYPE BLOCK SUBROUTINES UNITS DESCRIPTION
IDAB 1 INTEGER DPLYMT INIT, INPUT, PRESET - NUMBER OF MODE S
AIRCRAFT IN THE
DEPLOYMENT
IDABN NUAIR INTEGER TCDATA ATMOD, FRUITA, INTERROGATIONS/ MODE S INTERROGATIONS
INIT,STATS SECOND DUE TO TCAS II M
EMISSIONS (PER SECOND)
IDABS NUAIR INTEGER TCDATA ATMOD, FRUITA, - MODE S SUPPRESSIONS
INIT,STATS DUE TO TCAS II M
EMISSIONS (PER SECOND)
11 1 INTEGER, | CAS ANTGAN, ATMOD, - TCAS II M AIRCRAFT
INTEGER CIRCAS,DISINT, IDENTITY
DISMOD, FRUITA,
INTLI, TCSMOT,
TSQUIT
IJFILE NURIR, 8 INTEGER CAS ANTGAN, ATMOD, COL. 4: - TYPE OF EACH
DISINT,DISMOD, AIRCRAFT
FILES,FRUITA, COL. 8: dBm ANTENNA COUPLINGS
INPUT, LOAD, STATS, BETWEEN TCAS II M
TCAS1,TSTART AND ALL OTHER
AIRCRAFT
IPRB 15 INTEGER WSHOUT ATMOD, INIT, - TCAS II M BACK ANTENNA
WHISPER-SHOUT POWER
INTERFERENCE-LIMITING
PRIORITY SEQUENCE
IPRBOT 4 INTEGER WSHOUT ATMOD, INIT, - TCAS II M BOTTOM ANTENNA
WHISPER-SHOUT POWER
INTERFERENCE LIMITING
PRIORITY SEQUENCY
IPRF 24 INTEGER WSHOUT ATMOD, INIT, - TCAS II M FRONT ANTENNA
WHISPER-SHOUT POWER
INTERFERENCE LIMITING
PRIORITY SEQUENCE
IPRS 40 INTEGER WSHOUT ATMOD, INIT, - TCAS II M SIDE ANTENNA
WHISPER-SHOUT POWER
INTERFERENCE LIMITING
PRIORITY SEQUENCE
IRESET 83 INTEGER ILMS INIT, INTLI SECONDS 16-SECOND FREEZE
COUNTER
IRETRN 1 INTEGER ILMS INTLI,STATS - INTERFERENCE LIMITING

CONDITION INDICATOR
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LABELED
VARIABLE NUMBER OF COMMON
NAME ELEMENTS TYPE BLOCK SUBROUTINES UNITS DESCRIPTION
IROL 10 INTEGER RCACQ DISMOD, INIT INTERROGATIONS MAXIMUM NUMBER OF
INTERROGATIONS ALLOWED
PER SECOND TO AN AIRCRAFT
IN THE ROLL-CALL STATE
ITCA 1 INTEGER DPLYMT INIT, INPUT, PRESET - NUMBER OF TCAS II M
AIRCRAFT
ITIME 1 INTEGER TEMP ATMOD,CIRCAS, SECONDS SIMULATION CLOCK
DISINT,DISMOD,FILES, (ELAPSED TIME IN
INIT, INTL1,LOAD, SIMULATION)
STATS, TCSMOT, TSQUIT
ITLAST 83,83 INTEGER, TRAN INIT, TSQUIT - INDICATED WHETHER A TCAS II M
PACKED AIRCRAFT HAS BEEN DETECTED BY
SQUITTER (BIT 0)
SECONDS TIME OF LAST RECEIVED SOUITTER
(BITS 1:10)
1TOB 100 INTEGER SINT DISINT,DISMOD, INIT - INDICATES WHETHER TCAS II M USED
TOP OR BOTTOM ANTENNA TO TRANSMIT
ITRACK 83,500 INTEGER, SURV DISMOD, INIT,LOAD, - MODE S TRACK FILE
INTEGER PRESET - VICTIM IDENTIFICATION, BITS (0:9)
- ICLOCK, (BITS 10:17)
- ISTATE, (BITS 18:21)
- ITRIAL, (BITS 22:24)
- KSCAN, (BITS 25:28)
- IBOT, (BITS 29)
ITRILN 6 INTEGER RCACQ DISMOD, INIT INTERROGATIONS MAXIMUM NUMBER OF INTERROGATIONS
ALLOWED PER SCAN DURING FIRST
ACQUISITION TRIAL
ITRIL2 6 INTEGER RCACQ DISMOD, INIT INTERROGATIONS IAXIMUM NUMBER OF INTERROGATIONS
ALLOWED PER SCAN DURING SECOND
ACQUISITION TRIAL
ITRIL3 6 INTEGER RCACQ DISMOD, INIT INTERROGATIONS MAXIMUM NUMBER OF INTERROGATIONS
: ALLOWED PER SCAN DURING THIRD
ACQUISITION TRIAL
ITRIL4 6 INTEGER RCACQ DISMOD, INIT INTERROGATIONS MAXIMUM NUMBER OF INTERROGATIONS

ALLOWED PER SCAN DURING FOURTH
ACQUISITION TRIAL
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S _
LABELED
VARIABLE NUMBER OF COMMON
NAME ELEMENTS TYPE BLOCK SUBROUTINES
JSENS NUAIR INTEGER SENS ATMOD, DISINT, DISMOD
FILES, FRUITA, INIT,
INTLI, PRESET, TCAS1,
TRANSP
JTRANS NUAIR INTEGER TRAX ATMOD, DISINT, DISMOD
FRUITA, INIT, INTLI,
PRESET, STATS , TCSMOT,
TRANSP
K 1 INTEGER SINT DISMOD, INIT, TSQUIT
LPLUS 1 INTEGER SINT DISINT,DISMOD, INIT
MAQ 1 INTEGER ROLACQ DISMOD, INIT,STATS
MDOR 3 INTEGER ROLACQ DISMOD, INIT, STATS
MIS NUAIR INTEGER MISAD DISINT, DISMOD,
FILES, FRUITA, INIT,
STATS
MROL 1 INTEGER ROLACQ DISMOD, INIT, STATS
MSQ 1 INTEGER ROLACQ DISMOD, INIT, STATS
NAC 1 INTEGER Cas ANTGAN , ATMOD,
DISINT,FILES, FRUITA
INPUT, LOAD, STATS,
TCAS1, TSTART
NOW 83 INTEGER SMOOTH DISMOD, INIT, INTLI,
STATS, TSQUIT
NUAIR 1 INTEGER ANTGAN , ATMOD,
PARAMETER CIRCAS,DISINT,DISMOD,
FILES,FRUITA, INIT,
INPUT, INTLI, LOAD,
NEWTHS , PRESET, STATS,
TCAS1, TCSMOT, TRANSP,
TSQUIT, TSTART, WSCONT,
WSPOWE
NULL 1 INTEGER ROLACQ DISMOD, INIT, STATS
NUMTCA 1 INTEGER TCAA CIRCAS,DISINT,

DISMOD,FILES, INIT,
LOAD, PRESET, STATS,
TSQUIT, TSTART, TCSMOT

UNT P

Jd B

MILLIWATTS

INTERROGATIONS

MISADDRESSES/
SECOND

DESCRIPTION

SENSITIVITY LEVELS FOR

ALL AIRCRAFT

TRANSMISSION POWER LFVFELX

FOR ALL AIRCRAFT

VICTIM AIRCRAFT ILENTITY

NUMBFR OF TCAS II M

TRANSMISSIONS (PER SECOND)

ACOUiST[ON COUNTER
DORMANCY COUNTER

MODE S MISADRESSES
{PER SECOND)

RQLL CALL bOUNTER
SQUITTER STATE COUNTER

AIRCRAFT COUNTER

NUMBER OF TCAS II M
OETECTED BY SQUITTER,
PER SECOND

NUMBER OF AIRCRAFT
IN DEPLOYMENT

NULL STATE COUNTER

NUMBER OF TCAS [I M
AIRCRAFT

PR —
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LABELED
VARIABLE NUMBER OF COMMON
NAME ELEMENTS TYPE BLOCK SUBROUTINES UNITS DESCRIPTION
NWSL 83 INTEGER 1LwWsS DWRT, INTLI, ATMGO - NUMBER OF W-S LEVELS EACH TCAS II M ('3ES
PASBOT 19 REAL ANTO ANTGAN, INIT, TCAS1 dBi RECEIVING AIRCRAFT BOTTOM ANTENNA PATTERN
PASTOP 19 REAL ANTO ANTGAN, INIT, TCAS1 dBi RECEIVING AIRCRAFT TOP ANTENNA PATTERN
PREP NUAIR REAL TPREPL FRUITA, INIT, TSQUIT - PROBABILITY OF REPLY
FOR EACH AIRCRAFT
RLAT 1 REAL BBBEAR BEAR, LOAD, TCAS1 RADIANS VICTIM AIRCRAFT LATITUDE
RLON 1 REAL BBBEAR BEAR,LOAD, TCAS1 RADIANS VICTIM AIRCRAFT LONGITUDE
ROLSUM 1 REAL ROLACQ DISMOD, INIT,STATS - NUMBER OF AIRCRAFT IN ROLL-CALL
STATE
SESIT 83 REAL ADJSEN DISMOD, INTLI, PRESET dBm ADJUSTED TCAS II M
SENSITIVITY LEVELS
TCST 83 REAL TRAN INIT,TSQUIT, TSTART SECONDS TCAS II M SQUITTER
START TIME
TIS 83 REAL SMOOTH INIT,INTLI, TCSMOT MILLIWATTS SMOOTHED EMISSION POWERS
TIFILE NUAIR,8 REAL, cas ANTGAN, DISMOD, INPUT COL.1: RADIANS LATITUDE OF AIRCRAFT
REAL LOAD, PRESET, TCAS1 2: RADIANS LONGITUDE OF AIRCRAFT
3: FEET ALTITUDE
5: NMI/S LONGITUDINAL VELOCITY (NORTH = +)
6: NMI/S LATITUDINAL VELOCITY (WEST = +)
7: FT/S UPWARD VELOCITY
TLAT 1 REAL BBBEAR BEAR,LOAD, TCAS1 RADIANS TCAS II M LATITUDE
TLON 1 REAL BBBEAR BEAR, LOAD, TCAS1 RADIANS TCAS II M LONGITUDE
TPOW 1 REAL LEVEL INIT, INTLI,STATS GB TOTAL WHISPER-SHOUT POWER RADIATED
TPS 83 REAL SMOOTH INIT, INTLI, TCSMOT - SMOOTHED INTERROGATION
RATES (PER SECOND)
UPRATE NUAIR REAL ONT DISINT,DISMOD, INIT - TOTAL NUMBER OF
INTERROGATIONS RECEIVED
BY EACH AIRCRAFT

4NUAIR is the

number of aircraft in the deployment,
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APPENDTX R

TCAL SEM LISTING

The following is a compiled ASCIT FORTRAN listing of the TCAS SEM. The

program segments appear in alphabetical order.
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ANTGAN

Appendix B

ke

AFTH,S B.ANTGAN,ANTGAN .
02727/85-16:35(536,)

FTN 11R1

P i

1.
2a
3.
4.
Se
6.
7.
8.
9.
10.
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

-
.

e 0 3 2 s 0 a0
el alolelalalala

-
OO0@NOWVES WN

.
-

1.1

~NA
&~
[}

25
26a
27.
28.
29.
30.
3.
32.
33.
34,
35.
36.
37.
3j8.
39,
40.
1.
42,
43,
Lh.
45.
bha

[aNaNalal [N e N N N e N Nl N W N e N W o W W e W o W W Ws Wal

[alaNal o

SUBROUTINE ANTGAN

THE PURPDSE OF THIS SUBROUTINE IS TO STORF ELEVATION ANTENNA PATTERNS
SETWEEN TCAS AND VICTIM AIRCRAFT,

anhasnranaserandn INPUTS /7 OUTPUTS RN RANCAAANAA RN R ARACANARNRA AR AR
COMMON BLOCKS / VARIABLES

INPUTS OQUTPUTS DESCRIPTIONS
ANTO / TCAS II M RECEIVING ANTENNA PATTERNS:
/ PASBOT BOTTOM ANTENNA
/ PASTOP TOP ANTENNA
ANTT / TCAS TIM TRANSMITTING ANTENNA PATTERNS:
/ ANTBOT BOTTOM ANTENNA
/ ANTTOP TOP ANTENNA
CAS / ICASFI TCAS II M ENVIRONMENTAL FILE
/7 11 TCAS II M IDENTITY
TJFILE ANTENNA PATTERNS BETWEEN TCAS II M/VTIM
. NAC NUMBER DF AIRCRAFT IN DEPLODYMENT
TCOATA /7 1111 TCAS II M POINTER FILE

INCLUDE RESTART,LIST
PARAMETER (NUAIR = 328)

THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL MRITE
STATEMENTS IN THE MODEL.

LOGICAL PRINT
ODIMENSION TJIFILEC(NUAIR,8), IJFILE(NUAIR,8), ICASFI(B83,NUAIR,1)
COMMON /TCDATA/ I111(83), DENS(83).,

? IATINCNUAIR) , TATSUCNUAIR), IDABN(NUAIR), IDABS(NUAIR)

EQUIVALENCE (TJFILELIJFILE)

CNMMON /CAS/ ICASFI, TJFILE, NAC, I, PRINT

COMMON/ANTT/ANTTOP(19) ,ANTBOT(19)

COMMON/ANTO/PASTOP(19),PASBDT(19)

PARAMETER (R2D0 = 57.296) @ CONVERTS ANGLES FROM RADIANS
TO DEGREES

DEFINE FLO(I,J,K) = BITS(K,1+1,J)

HAVE A TCAS AIRCRAFT.

IH = I111(11)

ALTY = TJUFILEC(IH,3)/6076.0 8 ALTITUDE OF TCAS A/C IN
NAUTICAL MILES
00 201 X=1,NAC ’ @ COMPUTE ANTENNA COUPLING
(ELEVATION PATTERNS)
IFC(IH.EQ.K)GO TO 201 8 DON'T DO COUPLING CALCULATIONS

OF A/C WITH ITSFLF

LFCICASFICITI,K,1).EQ.0)G0 TQ 201 @ SKIP IF A/C QUY OF RANGE
ALT2 = TJUFILE(K,3)76076.0 @ ALTITUDE OF ViCTIM A/C ‘

IN NAUTICAL MILES '
FLC(J0,09,ICASFICII,K,1))710.2 SLANT RANGE BFETWEEN TCAS IIM & VICTH
CALTY1 = ALTQ) @ DIFFERENCE IN ALTITUCES IN
NAUTICAL MILES
HORIZONTAL DISTANCE BETWEEN A/C

c
B

DIST = SJRT(C#C - 8#B)
ARG = 3/DIST
THEY = (ATANCARG))IwP2D 3 VERTICAL ANGLE (DEGREES)

)
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7.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
6t.
62.
63.
b4,
65,
66.
67.
68.
69,
70.
7.

dd-ﬂ-ﬂd-ﬁ-‘dd“d‘.‘d-dd.“d-‘-‘

ANTGAN

c

c

END FTN 247 IBANK

STORE COUTPLINGS AS INTEGER VALUES.
CONVERTS THE FLOATING POINT NUNBERS TO INTEGERS FOR STORAGE.

LR R}

THETAT = ABSCC(THET+90.)710.)
ITHYT = THETA1 *+ 1

THETAZ = ABS(C(THET -~ 90.)/710.)
ITHZ = THETA2 + 1

GN1 = ANTTOPCITH1) ¢ ((THETA1¢+1)
= FLOAT(CITH1))~CANTTOPC(ITHI#*Y) -~
GN2 = PASBOT(ITH2) ¢ ((THETA2+¢1)
= FLOATCITHR2))a(PASBOT(ITH241) -
GN3 = ANTBOTCITHT) + ((THETA1+1)
= FLOATCITHID)SCANTROT(ITHI®Y) -
GN& = PASTOP(ITH2) ¢ ((THETA2+1)
= FLOATCITH2) ) «(PASTOP(ITH24Y) -
P = FLOC17,10,TICASFI(II,K,1))

Appendix B

SEPARATING A/C

@ COMPUTE ANTENNA COUPLINGS.

@ TCAS IIM TOP ANTENNA GAIN
ARTTOPC(ITH1))

& VICTIM BOTTOM ANTENNA GAIN
PASBOT(ITH2))

@ TCAS IIM BOTTOM ANTENNA GAIN
ANTBOT(ITH1))

@ VICTIN TOP ANTENNA GAIN
PASTOP(ITH2))

@ TCAS 1Im POMER

THE SYSTEM FUNCTION, IFIX, BELOW,

FLOCOD,09, IJFILE(K,8)) = IFIX(GN1+10.)
FLOC09,09,TJUFILE(K,8)) = IFIX(GN2¢10.)
FLD(18,09,IJFILE(K,8)) = IFIX(GN3#*10.)
FLOC27,09,IJFILE(K,8)) = IFIX(GN&+10.)

201 CONTINUE
RETURN
END

67 DBANK 31405 COMMON
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LA ASPINT e

SFTN,S ALASPINT,ALASPINT
FIN T1RTIR1A 05/30/85~13:14(4/)

1. SUBRDUTINE ASPINT @ ATCRB8S SUM POWER INITIALIZE
I *
3. « THIS SUBROUTINE INITIALIZE THE ARRAY CONTAINING THE TOTAL RAOIATE POMWER
4. * FROM N W-S PDWER LEVELS IN WATTS
S. . .
'™ * annaankananontsbaannban INPUTS / QUTPUTS Sasadasndsssnshstntanad
7e ~
8. ~ COMMON BLOCKS / VARIABLES
9. ~ INPUTS QuUTPUTS OESCRIPTION
10. L
11 ~ ILKS / ATSUMP TOTAL RADIATED FROM N W=S LEVELS
124 ~
13. INCLUDE ILHMS
14a ~
15« DEFINE SUM(N) = (ONEDBaa«N = J1)/(ONEDB -1)
16. DEFINE SUMB(N) = (TWODBweN - 1)/7(THODB ~-1)
17. ~
14a ONEDB = 10.%%(.1) d OtFINE 1 08
19. TWO0B = 10.%4(.2) @ DEFINE 2 DB
20. PTOPLO = 1D.+a(( 26. -30.)7/10.) @ 26 DBM ~30 98 TD GET WATTS
21a PBOTLO = 10.22(( 30. ~30.)710.) @ 30 DB8M ~30 DB TO GET WATTS
224 ATSURP(O) = U
23 b
24 ~ LOOP OVER ALL 83 w=-S LEVELS
25 ~
26. 03 10 IPRI=1,83
2T ~ )
28. ~ CETERMINE # OF W~S LEVELS SENT ON THE TOP (FRONT, 2 SIDES, AND BACK)
29. ~ AND BOTTOM ANTENNAS
0. ~
1 it. IFC IPRI LE. 63) THEN
2 32a NFRNT = 24 = (IPRI ¢ 2)/4
2 33. NRSIDE = 20 - (IPRI ¢ 1)/4
2 34 NLSIDE = 20 = (IPRID/4
2 594 NBACK = 15 =~ (IPRI - 1)/4
2 36. NBOT z 4
2 37. ELSE IF( IPRI JLE« 75) THEN
2 38a NFRNT = 29 = (IPRI ¢ 1)/3
2 39. NRSIUE = 25 = C(IPRI)/3
2 404 NLSIDE = 25 - (IPRI - 1)/3
2 1. NBACK = 0
2 2. NBOT = 4
4 3. ELSE IF( IPRI .LE. B0) THEN
2 bba NFRNT = B0 = IPRI]
2 45. NRSIDE = O
P4 L1 NLSIDE = 0
4 47 N8ACK = O
2 48 NBOT z 4
2 49, ELSE
2 50 NFRNT = 0
l 1. NRSIOE = 0
2 524 NLSIODE = 0O
2 b3 NBACK = 0
4 Sh. N#OT = 84 -IPRI
3 9% ENO [F
2 56. "
2 57, L] COMPUTE ATSUMP IN WATTS USING THE PROPERTIES JF A GEOMETERIC PROG
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Ak ASPINT LR
2 S8 ~
1 5Y. ATSUMP(54~1IPRL) = PTDPLU~C SUMCNFRNT) + SUMINRSIDE) ¢
1 60, 2 SUMCNLSIDE) ¢ SUMINSACK) ) + PBOTLOS( SUMB(NBOT) )
1 ol. .
1 62, 10 CONTINU®
©3. RETURN
64 END

END FTN 177 IBANK 47 DBANK 335 COMMON

SHDG,P was ANTGAN Ao
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“aa ATMUD anp

wFTN,S A.ATMOID,A.ATHMOD
FTn 11R1114 057507435~13:14(20,)

1. SUHAHNUTINE ATMOD

2a C

J. [ THIS SUBRGUUTINE DETERMINES THE EFFECTS OF TCAS WHISPER = SHOUT

ba C INTERRUGATIONS AT ALL AIRCRAFT,

5 C

Y C IR XY YRR RN Y INPUTS 7 OUTPUTS I I R R Y Ve R P R A R R R N R RN ] ]
7. C

3. C COMMON BLOCKS 7/ VARIASLES

Y. C INPUTS OUTPUTS DESCRIPTION

10. C
1. c ANTENN /7 AZPaAT SUM PATTERNS OF TCAS II M TOP ANTENNAS
12. C OIFPAT OIFFERENCE PATTERNS OF TCAS Il WM BOTTOM
13. C ANTENNAS

14a C CAS / ICASFI TCAS II M ENVIRONMENTAL FILE
15. C II TCAS II W TOENTITY

12 c LJFILE ANTENNA COUPLINGS BETHWEEN TCAS AND VCTHM
17. C NAC NUMBER OF AIRCRAFT IN DEPLOYMENT

18. C SENS / JSENS SENSITIVITY LEVEL OF ALL AIRCRAFT
19. C TCDATA /7 I111 TCAS II M POINTER
20. C IATIN IATIN TCAS II M INTERROGATIONS TO ATCRBS
Zla C IaATSU IATSU TCAS II M-PROOUCED ATCRBS SUPPRESSIONS
224 C IDABN IDABN TCAS II M INTERROGATIONS TO MOOE S
25. c I0ABS IDABS TCAS II M-PROOUCED MDDE S SUPPRESSIONS
24, C TEMP 7 ITIMt ELAPSED TIME
25« C TRAX /7 JTRANS TRANSMISSION POWER LEVELS OF AtLL A/C
26. [9 ILmsS / NuWSL # OF W—S LEVELS SENT
27. C WSHOUT / IPRG ANTENNA PATTERNS: BACK ANTENNA
28, C IPRAD BOTTOM ANTENNA
29, C IPRF FRONT ANTENNA
30. C IPRS SIDE ANTENNAS
31, C
52. C
3. INCLUDE RESTART,LIST

1.1 PARAMETER (NUAIR = 745)

2.1 ¢

3.1 C THE LOGICAL VARTABLE PRINTV, WHEN FALSE, WILL SUPPRESS ALL WRITE

4.1 C STATEMENTS IN THE MODEL.

5.1 C

6.1 LOGICAL PDISMD,PINTLI,PTCSMT,PATMOD,POISINS,PFILES,PFRUIT,PSTATS

T.1 COMMON /PRT 3L/ PDISMO/PINTLILPTCSMT,PATMODLPOLISINSPFILES,PFRULT,

.1 2 PSTATS

9.1

10.1 DIMENSION TJUFILECNUAIR,8)s IJFILE(NUAIR,8)» ICASFI(B3,NUAIR,T)

1.1 COMMON /TCDATAZ IV111(33), DENS(BS),

12.1 ? IATINCNUAIR)» IATSUCNUAIR), IOABN(NUAIR), IDABS(NUAIR)

13.1 EQUIVALENCE (TJFILE,L1JFILE)

16.1 COMMON JCAS/ ICASFls TUFILEs NACs II, PRINT

3. INCLUDE ANTENN,LIST

1.1 COMMON ZANTENN/ AIPAT(36), DIFPAT(36)

35. INCLUODE TLMS,LIST

1.1 COMMON /ILMS/ NWSL(»3), AMSP(83), IRESET(83), ATSUMP(0:83).

2.1 2 LRETRN, TPON

36. INCLUDE WSHOUT,LISY

1.1 COMMON /uW5dDUTZ LIPRF(264)+ IPRS(40), IPRB(1IS), IPRBOT(A),

2.1 1 IPOWF(24), IPOWS(41), IPOWB(15), IPOWBO(4)

3. INCLUDE TEMPSLILST

1.1 COMMON JTEMP/ ITIME

B-6
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YL ATMOD LA
3R, INCLUNDF ¥xAX,LIST
1.1 CUMMON /TRAX/ JYRANS(NUAIR)
$Ya INCLUDE SENS,LIST -
1.1 COMMON /SENS/Z JSENSC(NUAIR)
40, INTEGER SA
41 DIMENSION NUMCS)
42. DEFINE FLD (I,d,K) = 9I7TS(K, I ¢ 1, J)
43. DATA (NUMCID,L = 1, 5) /&, 24s 20, 15, 20/
b C
45. sSa 3 IVI1CIT)
LY-18 00 200 TIJ = 1, NAC
1 47. IF CICASFICII,IJ,1).€Q.0) GD 1O 200 & SKIP IF A/C IS OUT OF RANGE
1 LY. KTYP = FLD(34,2,1CASFICII,TIJ4,1))
1 wWw. €
1 50. C BR IS RELATIVE BEARING BETWEEN TCAS II M ANO VICTIM AIRCRAFT
1 51. C THE FACTOR OF 57.296 CONVERTS THE ANGLE FROM RADIANS TD DEGREES.
1 52. 8R = (FLO(9,8,ICASFICII,1J,1))740.)257.296
1 53. SEN = JSENS(IJ) @ SENSITIVITY OF VICTIM A/C
1 S54. C
1 55. C ANTENNA CUOUPLINGS C(ELEVATION PATTERN)
1 S56. IGNT = (FLOCOD,09,1JFILE(IJS,8))a(24227))
1 57. IGN1 = IGN1/(24x27)
1 58. IGN2 = (FLOC(O09,09,1JFILECTII,B))n(22a%27))
1 59 IGN2 = IGN2/7(2x%27)
1 60. IGN3 = (FLDC18,09,[JFILECII,B))2(24227))
1 ola IGN3 = IGN3/{2+227)
1 62. IGN& = (FLD(27,09,1JFILE(IS,8))a(28227))
1 63. IGN&G = IGNL/(2=a27)
1 64, GN1 = FLOAT(IGN1I)/10.%.7%6.0-4.1 @ ADJUSTMENT OF TCAS TOP ANTENNA
1 65« GN2 = FLOAT(IGN2)/10.
1 66. GN3 = FLOATCIGN3)/10.%4.7%6.0~4.1 @ ADJUSTMENT OF TCAS BOTTON ANTENNA
1 67. GN4 = FLOAT(IGN4) / 10.
1 o8. IPOW = FLDC17,10,ICASFICII,14,1)) @ FREE SPACE POWER BETWEEN TCAS 1IN
1 69, C AND VICTIN AIRCRAFT,
- 1 70. POW = IPOW
1 7. ATRANS = JTRANS(SA)/1 000 000.
1 724 C ADJUSTEOD POWER:
1 73. POW = =(POM/10.) + 10.%ALOGIOCATRANS) - 2.796 - 3.0
1 The If (PDW.LT.~84,) GO TO 200
1 75. 6Y = GN2
1 T6. IF ((GN4.GT.GN2).AND(KTYP.NELD)) GV = GN4
1 77. MSEC = INT(BR /7 10. + 0.5) ¢ 1 @ INTEGER OF SECTOR OEFINED BETWEEN
1 74 C TCAS II M AND VICTIM AIRCRAFT,
1 79. 00 1007 kP = 1, 5 d OEFINES 90 DEGREE CUTS:
1 80. C . KP = 1 IS BOTTONM FRONT ANTENNA
1 8t. C 2 IS TOP FRONT ANTENNA
1 82. C 3 IS RIGHT SIDE
1 a3. C 4 IS BaACK
1 84. C ’ S IS LEFT SIDE
P4 854 IF (MS5EC.GT.38) MSEC = 36
2 26, IF (MSEC.LT.C) MSEC= MSEC ¢ 36
2 87. IF (MSEC.EQ.0) MSEC = 1
2 39 SHIFT = =AIPAT(MSEC) 3 SUM PATTERN - GIVEN SECTOR.
2 89 DIFIFT = =DIFPAT(MNSEC) ' 3 DIFFERENCE PATTERN - GIVEN SECTOR
2 0. IF (KP.NE.1) HSEC = MSEC - 9 3 MOVE 90 DEGREE SECTOR.
P4 1. ISKIP = 3 a4 3 DB FOR wW=-$S SEQUENCE.
2 92, 00 111 IATT = 1, NUM(KP)
3 95. IF (KP.EQ41) THEN
4 ‘4, IMAX = IPRBQT (IATT)
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L] ATM0OD LN

4 ¥5. ELSE IF (KP.tdel) THEN

4 YOa [MAX 3 [PRF (IATT)

4 97. ELSEL IF (KP.EQ.3) THEN

4 98a IMAX = IPRS (IATT?2)

4 99. ELSE IF (KP.tQ.4) THEN

4 10G. IMAX = IPRA C(LATT)

4 101. ELSE

4 102. IMAX = [PRS C(LATT*»2 ¢ 1)

L} 103. END IF

4 106. C

4 105. C CHECK TO SEE IF NUMBER OF LEVELS CUT EXCEEDS PRIORITY LEVEL:

3 106. IF (TMAX .LE. B3~NWSL(II)) GO TO 11

3 107. ATTENL = 24 = IATT @ TOTAL ATTENTUATION.

3 108. PWRL = POW - ATTENI @ INTERROGATION POWER.

3 109. - PHRS = PHWRI - 1«4[SKIP 8 SUPPRESSION POWERS

3 110. If CIATT.EQ.1) PMWRS = -100. @ FIRST INT. SUPPRESSION IS MAODE
3 11. [ AT A LOWER POWER LEVEL

3 112. ISKIP = ISKIP = 1 @ SUPPRESSION OOWN COUNTER.
3 113. IfF CISKIP.LT.1) ISKIP = 3

3 1146, [F (CISKIP.LE1).AND.(KTYP.EQ.0)) ISKIP = 3

3 115, GNCOUP = GNY + GV 8 ANTENNA COUPLINGS BETWEEN
}) 116. IF (KP.EQ.1) GNCOUP = GN3I#GY 4 TCAS IT M AND VICVIM AIRCRAFT
5 117. SMPWRL = PWMRI *SHIFT #GNCOUP @ INTERROGATION SUM POWER.
3 118, OFPWRI = PWRI ¢+DIFIFT ¢GNCOUP @ INTERROGATVION DIFFERENCE POWER
3 119. SMPWRS = PWURS *+SHIFT + GNCOUP 3 SUPPRESSION SUM POWER.

3 120. aMPuRI = 0.

3 121. IF (KP.EQ.1) THEN

4 122. OMPHWRI = POWM + GNCOUP d INTERROGATIONS ON OMNI.

4 123, IF (1ATT.EQ.1) THEN @ ADJUST INTERROGATION POWER
2 146, OMPWRI = OMPHWRI - 19

b 125, IF (KTYP.EQ.O) THEN

6 126. OMPWRS = -110

[ 127. ELSE

& 128. OMPWRS = =100

] 129. ENO IF

5 130. ELSE IF (IATT.EQ.2)THEN

b 131. ONPHRI = OMPWRI ~ 17

5 152. OMPWRS = OMPWRI - 3.0

b] 133. ELSE IF C(IATT.EQ.3) THEN

5 1356, OMPWRI = OMPWRI = 15

5 1i5. OMPWRS = OMPWRI - 3.0

b 156. ELSE IF C(IATT.EQ.4) THEN

b] 137. OMPWRI = OMPWRI -~ 13

S 158. OMPWRS = OMPWRI - 3.0

5 139. END IF .

4 140. OFPWRI = 0.

4 1641. SMPURI = 0.

4 142. SHPHRS = 0.

4 143, C

4 T4b. IF ( PaTMOUW)

4 145, 1 WRITE(#,999) TJ,BR,KP,HSEC,OMPURI,OMPURS,SEN

4 1406, 999 FORMAT(® ATMOO: FMT 999 *,13,2X,F10.3+5Xs2(15,5X),3(F10.3,5K))
4 147. IF (OMPWRS .GEL.SEN) THEN @ COUNT SUPPRESSIONS

5 144, IF (KTYP.NE.0) THEN

[ 149, [0agSCIJ) = IDABS(IJ) + 1

] 150. ELSE

é 151. IATSUCIJ) .= L[ATSU(IJ) ¢+ 1

6 152. END IF

b 153, ELSE IF (OMPWRIL.GE.SEN) THEN
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Yy ATHRIY L]
5 154, IF (KIYP .tQ.0) THEN 2 COUNY INTERROGATIONS
¢ 1,5. IATINCIJ) = IATINCIJ) ¢ 1
6 156. ELSE
6 157. I0ABNCIJ) = IDABNCIJ) *+ 1
6 158, END IF
5 159. END IF
4 160, ELSE
4 1o1. IF ( PATMQD)

4 142, 1 WRITE (8,998) IJ,6R,KP,MSEC, SHPURI, SHPURS, SEN,DFPURI
4 153, 998 FORMAT(® FMT 998 *,[3,2X,F10.3,5X,2(15,5X),4(F10.3,51))
4 164, IF (SMPURS.GE.SEN) THEN 8 COUNT SUM SUPPRESSIONS
5 165. If (KTYP.EQ.0) THEN
I3 106, TATSUCIJ) = [ATSUCLY) + 1
6 167. ELSE
° 168, IDABS(1J) = [DABSCIJ) ¢ 1
6 109. END IF
5 170. ELSE IF ((SMPWRI.GY.DFPWRI).ANO.(SMPWRI.GE.SEN)) THEN
5 171, (o COUNT SUM INTERRDGATIGNS
5 172. IF (KTYP.NE.O) THEN
6 173, IOABNCIJ) = IDABN(IJ) ¢ 1
6 174, ELSE
6 175. TATINCEJ) = IAVINCIS) ¢ 1
6 176, END IF
5 177. END IF
4 174. END IF
3 179. 11 CONTINUE
2 180. 1007 CONTINUE
2 131, .
1 182, ITOGT = IATSUCILJ) + IDABSC(IJ) ¢ IDABN(IJ) + [ATIN(IJ)
1 153, (o IFC LTOT .GTa OJWRITECG6,16)11,14,1ATSUCIY)10ABSCIJ), IDABN(IY)
1 154. C 2 LJIAYINCLD)
1 185. 16 FORMAT(® ATMOD: LI IJ ATSU DABS DABN ATIN *,6I5)
1 136. *
1 187, 200 CONTINUE
1 148, *
189, RETURN
190. .
191. (o DEBUG INITC(IATSU,IDABS,IDABN,IATIN)
192 END

END FTN 59/ IBANK 197 DHBANK 72823 COMMUN

dHDG,P  wwn BEAR wan

B-9
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“he BEAR

AFTN,S B.BEAR,BEAR

FIN 1101

1.

2.

3.
4.
5.
6.
7.
8.
9.
10.
1t.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
3.
32.
33.
34.
35.
36.
37.
i8.
39.

Appendix B

02/727/85-16:35(19,)

[a N al [aNaNulal

[aXal

[aXal o} (2N al [aNal

[p N o) o0 (2 XaXal

[aXal

SUBROUTINE BEAR

CALCULATES HORIZONTAL DISTANCE IN NM1 AND ANGLE IN RADIANS BETMEEN
ANG VICTIM AIRCRAFT.

COMMON/BBBEAR/TLAT,TLON,RLAT,RLON,DIST,BEARTX

RADIUS OF THE EARTH IN NMI:
RADIUS = 3441.0

OIFFERENCE IN LATITUDES AND LONGITUDES OF TWO AIRCRAFT IN RADIANS:
OLAT = TLAT = RLAT
DLON = TLON - RLDN

COSINE OF THE AVERAGE LATITUDE (SCALING FACTOR FDR LONGITUDE)
CS = C0S (Q.5+(RLAT + TLAT))

SCALED DIFFERENCE IN LONGITUDES:
OLON = DLDN*CS

DISTANCE BETWEEN TWO AIRCRAFY IN NNI CALCULATED USING THE PYTHAGOREAN

THEOREM:
OIST = RADIUS & SQRT(DLATADLAT + OLON*DLON)

CHECK OIFFERENCE IN LONGITUOES TO PREVENT DIVISIDN 8Y IERO IN THE
BEARING CALCULATION:
IF ¢ ABS(DLONARADIUS) .LT. 0.001) DLON = 0.001/RADIUS

CALCULATE THE ANGLE BETWEEN THE TWO AIRCRAFT:
BEARTX = ATAN (~DLAT/OLON)

AOJUST THE AXIS:
BEARTX = -BEARTX ¢ 1.5707964

NAKE SURE THAT THE ANGLE IS GIVEN AS A POSITIVE VALUE:
IF (DLON.LE.O0.0) BEARTX = BEARTX + 3.1415927

RETURN
END

END FTN 83 IBANK 35 DBANK 6 COMMON

TCAS
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“en CIRCAS “ee

dFTN,S ACIRCAS,ALCIRCAS
FTN 11R11R1A 05/733/785=-13:2146(17,)

1. C

2o c THIS MODUL: IS THt DRIVER FOR THE TCAS SIGNAL ENVIRONMENT MODEL. IT
3. C SPECIFICALLY ACCESSES SUBROUTINES THAT:

4o C 1. LOAD AIRCRAFY FILES

9 C 2. SET TRANSPONOER CHARACTERISTICS
b c 3. SCHEQULE TCAS IT M EMISSIONS

7. C 4. COMPUTE TCAS EFFECTS

8a C

9. C
10. INCLUDE RESTART,LIST
1. .

1.1 PARAMETER (NUAIR = 743)

2.1 C

3.1 C THE LOGICAL VARIARLE PRINT, WHEN FALSE, WILL SUPPRESS ALL NRITE
4.1 C STATEMENYS IN THE MODOEL.

5.1 C

6.1 LOGICAL PUISMO/PINTLI,PTCSMT,PATMOO,POISIN,PFILES,PFRUIT,PSTATS
fa1 CUMMON /PRTAL/ POISMO,PINTLI,PTCSHT,PATMOD,PDISIN,PFILES,PFRUIT,
A1 2 PSTATS

9.1 »

M. DIMENSION TJUFILE(NUAIR,8), IJFILEC(NUAIR,8), ICASFI(B3,NUAIR,1)
m.I COMMON /TCOATA/ I111(33), DENS(83).,
12.1 ? IATINCNUAIR), IATSUCNUAIR), IDABN(NUAIR), IOABS(NUAIR)

13.1 EQUIVALENCE (TJFILELIJFILE)

14.1 COMMON /CAS/ TCASFls YJFILEs NAC, 1I, PRINT

12. INCLUDE BBBEARSLIST
1.1 COMMON /BJBEAR/ TLAT, TLONs RLAT, RLON, DIST, BEARTX
13. INCLUDE DPLVYMT,LIST .
1.1 COMMON /UPLYMT/ [ATCR, IDAB, ITCA, RATIO
14. INCLUDE TCAALLIST
1.1 COMMCN /TCAA/ NUMTCA
15. INCLUDE YEMP,LIST
1.1 COMMON FTEMP/ ITIME
16. LoGICcaL 11
17. c
18. c LOADS FILESs, SETS INITIAL CONOITIONS, COMPUTES NEAR TINE-INDEPENDENT
19. c TCAS I EFFECTS
20. [4
21. . READ IN PRINT OPTIONS FROM 1ST LINE OF FILE 7.
22. *
23. READCT7+15)ISIMT,RATIOULT1,PDISMD,PINTLI,PYCSMT,PATHMOD,PDISIN,
b 2 PFILESs PFRUIT
25. WRITEC6#25) T1,PDISMO,PINTLIGPTCSHT ,PATMOO,PDISIN,PFILES, PFRULT
P 15 FORMATCIZ IX FS.0,1Xs8CLT1,1X) )
27. 25 FORMAT(®* OPTIONS:*,8(C1Xs,LT,1X)0/)
23. .
29. WRITECo,%)® Trg TOVAL SIMUATION TIME 3°,ISIMT,® RATIDa®,RATIO
30. *
31. CALL INIY @ INITIALIZE ALL COMMON VARIABLES
52. CALL ASPINT @ INITIALIZE ATCRBS SUM POMER ARRAY
33 CALL INPUT 4 LOAD AIRCRAFTY FILE AND RATES
34, CALL TRANSP @ LDAD A/C EMMISION CHARACTERISTICS
35. CALL TSTART @ SET TCAS II M SQUITTER PHASE
36
37. CALL LOAD @ YOAD TCAS TABLES
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40. CALL PRESET 3 APPPROXIMATE INTERFERENCE EFFECTS
o1, IF (T1) CALL TCAS?Y @ COMPUTE TCAS I EFFECTS
42, [
43. C THE FOLLOWING LOOP CALCULATES TCAS II M TIME-~OEPENOENT EFFECTS
4. C
4S. 00 1000 IVIME = 1,ISINT @ SIMULATION CLOCK
46. C MOVE AND RELDAC TCAS II M TABLES EVERY 40 SECONDS
1 47. IF(NODCITIMEL40).EQ.0) CALL LOAD
1 48, L
1 49. ¢
1 50. DO 6 II = 1, NUMTCA @ COMPUTE TCAS II EFFECTS (Il IS TCAS ID)
1 51. C
1 52, € LOAD TOP AND S0TTOM ANTENNA COUPLINGS BETWEEN TCAS II M ANO ALL
1 55, € OTHER AIRCRAFT.
2 564 CALL ANTGAN
2 55. C
2 56. C COMPUTE FRUIT RATE AT TCAS II M EVERY 20 SECONDS. FRUIT RATES ARE
2 57. USED TO UETERMINE EFFECTS ON DETECTION PERFORMANCE.
2 584 IF ( CITIMELEQet) .ORe (MOODCITIME,20) .EQ. 0) ) CALL FRUITA
2 59. C
2 60. CALL OISAQOD (LPLUSY)
2 ol. c .
2 624 Cc COMPUTE SMOOTH VALUES OF TCAS II M INTERROGATION RATES AND
2 63, C TRANSMISSION POWER LEVELS.
2 b4 CALL TCSMOT
2 65. Cc
2 66. c CDMPUTE MODE S EFFECTS
2 67« IF (LPLUST1.NE.O) CALL OISINT
2 68. C
2 69. ¢ COMPUTE WHISPER-~SHOUT EFFECTS FROM TCAS II M TD ALL OTHER AIRCRAFT
2 70. IF CCIVIME.EQ.1).0R.(MOO(ITINE,40).EQ.0)) CALL ATNDO
2 M. C
2 72, c ADJUST TCAS II M CHARACTERISTICS TO SATISFY INTERFERENCE-LINITING
2 73. Cc INEQUALITYIES
2 74. IF CITIME .GE., 5) CALL INTLI
2 75. Cc
2 6. CALL STATS(® CIRCAS®)
2 7. .
2 78, [ CONTINUE
2 79« »
1 80,
1 81.
1 82. C
1 83, 1000 CONTINUE
1 846, C .
1 85. ¢ CALL FILES @ LDAD RATE FILES FOR ATC MODEL.
6. END

END FTN 154 I8ANK 105 OBANK 70774 COMMON

8HDG,P wew

CNVRT L T
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AFTN,S B.CNVRT,CNVRT

FIN 11R1
1.
2.

-k ah ek b -
-
-
.

1s.
16.
17.

VRT

02727785-16:35(10,)

a N aNaNaNalal

SUBROUTINE CNVRY (K)

THIS SUBROUTINE DETERMINES THE AIRCRAFT TYPES
* ez

'DABS =1

*TCAS* =]

OEFINE FLD(I,J,K) = BITS(K,I¢1,2)

IF (FLO(O0,6,K).EQ.9) THEN @ MODE S
k=1

ELSE IF ((FLD(0,6,K)e€Qu25)0R.(FLD(0,6,K).EQa7)) THEN
K=3 ® YCAS ITI M

ELSE @ ATCRBS
K=0

END IF

RETURN

END

END FTN 44 IBANK 12 DBANK

B-13
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LT DISINY LA .
@FTN,S B8.DISINT,DISINT
FTN 11R1 027227735-16:35061,)
- SUBROUTINE OISINT
2. C ' .
3. [ THE PURPOSE OF THIS SUBROUTINE IS TO COMPUTE MISADDRESSED RATES AND
[ C AODRESSED RATES AT EACH AIRCRAFT,
Se C
6. C ransnsestndsd e INPUTS /7 OQUTPUTS taananandtstddtdsdantsdtdaabhdaniad
7. C
8. C COMMON BLOCKS / VARIABLES
9. [ ) INPUTS OUTPUTS DESCRIPTIONS
10. C
1. [ ATE / DRATE TOTAL INTERROGATIONS RECEIVED
12. C BY EACH TCAS II N
13. [4 CSA /7 11 TCAS I1 M IDENTITY
14. [ NAC NUMBER OF AIRCRAFT IN DEPLOYMENT
15. C DPLYMT / IATCR NUMBER OF ATCRSS AIRCRAFT
16. C ILNS / AMSP ADJUSTED TCAS II M EMISSIDN POWER
17. C MISAD 7 MIS MIsS MISADORESSES AT EACH AIRCRAFT
18. C ONT / DINTRY DINTRY ADDRESSED RATE TO EACH ATIRCRAFTY
19. C UPRATE UPRATE TOTAL NUMBER OF INTERROGATIONS REC'D
20. C SENS I JSENS SENSITIVITY LEVELS OF ALL AIRCRAFT
21. C SETA / ADRESS NUMBER OF AODRESSES
22. C. SINT / 1708 INDICATES ANTENNA OM WHICH TCAS II RN
23. c TRANSHITTED
24. C LPLUS NUMBER DF TCAS II M TRANSKRISSIONS
25. C TCAA / NUMTCA NUMBER OF TCAS ITI M A/C
26. C TCDATA /7 I111 TCAS II N PDINTER FILE
27. [ TENP /I ITIME ELAPSED TIME
28. c TRAX 7 JTRANS TRANSHMISSION POWER FOR ALL AIRCRAFT
29. C JSENS SENSITIVITY LEVELS FOR ALL AIRCRAFT
30. C
31. C
32. INCLUDE RESTART,LIST
1.1 PARAMETER (NUAIR = 328)
2.I C
3.I C THE LOGICAL VARIAALE PRINT, WHEN FALSE, WILL SUPPRESS ALL MRITE
4.1 C STATEMENTS IN THE MODEL,
5.I C
6.1 LDGICAL PRINT
7.1 DIMENSION TJIFILE(NUAIR,8), IJFILECNUAIR,8), ICASFI(B83,NUAIR,1)
B.1 COMMON /TCDATA/ I111(83), DENS(83),
9.1 ? IATINCNUAIR), TATSUCNUAIR), IDABN(NUAIR), IDABS(NUAIR)
10.1 EQUIVALENCE (TJFILELIJFILE)
11.1 COMMON /CAS/ ICASFI, TJFILE, NAC, II, PRINT
33, COMMON/ATE/ORATE(BY)
34. COMMON/ONT/OINTRT(NUAIR) JUPRATE(NUAIR)
35. COMMON/MISAD/MIS(NUAIR) :
36. COMMON/TEMP/ITIME
37. COMMON/TCAA/NUMTCA
38. COMMON/ILNS/KCARR(BI) , AMSP(B3),IRESET(E3)
39. COMMON/TRAX/JITRANS (NUAIR)
40. COMMON/SENS/ JSENS(NUAIR) ,
4. COMMON/SETAZADRESS (NUAIR)
42. COMMON/SINT/LPLUS,X,1T0B(100)
43. COMMON/OPLYMT/IATCR,IDAB,ITCA
L4, INTEGER SA
45. DEFINE FLO(I,JrK) = BITS(K,I¢1,J)
46, c
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DISINT

47.
48.
49.
50.
51.
52.
53.
Sh.
55.
56.
57.
58.
59.
60.
61.
62,
63.
64,
65,
66,
67.
68.
69.
70.
.
72.
73.
4.
75.
76‘
77.
78.
79%.
80.
81.
82.
83.
84,
83.
86.
87.
88.
89.
90.
91.
2.
93.
94,
95
96.
97.
98.
99.
100.
101.
102.
103.
104.
105.

C

OO0

[aNalal [aXaXal

[aNaNaNal

han

sa =3

00 7
IF
IF

GET ANTENNA

111<¢11)

N = 1, NAC
CICASFI(II,N,1).EQ.0) GO TO ?
(N.EQ.SA) GO TO 7

Appendix B

TCAS II M IOENTITY

LOOP OVER ALL AIRCRAFT

SKIP IF OUT OF TCAS IIM RANGE
DO NOT PICK TCAS IIM AS VICTIM

COUPLINGS BETWEEN TCAS II M ANO VICTIM AIRCRAFT,

THE FACTOR OF 2#427 SHIFTS BITS UP ANO THEN BACK DONN AGAIN TO RECOVER

THE SI

KGN1=(FLOCO0,09, IJFILE(N,B) ) (24227)) & TCAS 11 M TOP ANTENNA

GN BIT.

KGR1=KGN1/(22227)

GN1

KGN2=(FLD(0%,09,1JFILE(N,B) )« (22227))

KGN

=KGN1/10.+4.7-1.9

2=KGN2/7(22%27)

GN2=KXGN2/10.

KGN3=(FLD(18,09,TUJFILE(NSB))*(2%227))

K&N
GN3

KGN&=(FLD(27,09,TJFILE(N,8)) a(24227))

KGN
GN&
1Q=
no

3=KGN3/(22227)
=KGN3/10.44.7-1.9

LA=KGNL/(22227)

=KGN&/10.
FLOC(34,2,TCASFI(II,N,1))
6 M=1,LPLUS

IF (ITOB(M).EQ.1) GS = GN1
IF (ITOB(M).EQ.3) GS = GN3
GV = GN2

IF ((GN4.GT.EN2).AND.(IQ.NE.O)) GV

GNTOT = GS + GV

IPRW = FLO(17,10,ICASFI(II,N,1))

PRW = IPRW
ATRANS = JTRANS(SA)/1 000 000,
CTRANS = ATRANS«+1000.

GAIN

VICTIN TOP ANTENNA GAIN

TCAS II M BOTTOM ANTENNA GAIN

VICTIM BOTTOM ANTENNA GAIN

VICTIM AIRCRAFT TYPE
LOOP OVER ALL TCAS IIM
INTERROGATIONS.
TRANSMIT TOP.

TRANSMIT B80TTONM.

GN&
TOTAL ANTENNA COUPLING.
PONER LOSS (FREE SPACE).

TRANSNISSION POWER (KWATTS)
(NATTS)

RVPR3 = <(PRW/10.) ¢ 10.4ALOGI10CATRANS) ~ 3.0

= 10.*ALOGIOC(CTRANS/AMSP(II))
POWY = RVPR3 ¢ GNTOT

TOTAL POWER AT VICTIM

IF TOTAL POWER VICTIM RECEIVED IS GREATER THAN VICTIN SENSITIVITY.,

COUNT A MISADORESS AT VICTINM:
IF (POWY.GE.JSENS(N)) MISI(N) = MIS(N) + 1
[ CODNTINUE
7 CONTINUE

4000

CHECK ARRAYS FOR PROPER SQUITTER COUNTING AND MISADDRESSED RATE.

IF (II.

oo

EQ.NUMTCA) THEN
4000 NB = 1, NAC

COMPUTE AVERAGES AFTER ALL
PICK A VICTIMN AIRCRAFT,

DINTRT IS THE ARRAY FOR EACH MODE S TRANSPONDER THAT RECEIVES

TCA

CON
END IF
RETURN

S IIT M INTERROGATIONS

IF CIJFILE(NB,4).NE.O)

UPRATE(NB) =

ADRESS(NB) = DINTRT(NB)
DINTRT(NB) = O.

TINUE

B-15
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DINTRT(NB) = DINTRT(NB} ¢+ 1
UPRATE(NB)*DINTRT(NB) 3 TOTAL NUMBER OF INTERIOGATIDNS

# OF AODODRESSES RCVD THIS TIME
RESET COUNTER
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106. END

END FTN 334 IBANK 92 ObANK 33736 COMMON
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.k DISMOD LT X ]
8FTN,S B.DISMOD,DISMOD
FIN 11R1 02/727/85-16:35(25,)
1. SUBROUTINE DISMOO(CLPLUST)
2. C ' .
3. C
[N C THE PURPOSE OF THIS SUBROUTINE IS TO SCHEDULE MOOE S DISCRETE
Se C INTERROGATIONS.
6. C
7. C ERCABAARREAASRRASARS INPUTS /7 OUTPUTS EERRR AR NBRARRARARAN R AR
8. [ :
9. C COMMON BLOCKS / VARIABLES
10. [ INPUTS OUTPUTS OESCRIPTION
1. C
12, C ADJScN / SESIT ADJUSTED TCAS TI M SENSITIVITIES
13. C ATE / DRATE INTERROGATION RATE AT EACH TCASIIN
14, [ CAS / ICASFI TCAS II M ENVIRONMENTAL FILE
15. C II YCAS II M IDENTIFIER
16. C IJFILE TYPE OF EACH AIRCRAFY
17. [ TJFILE AIRCRAFTYT CHARACTERISTICS FILE
18, C FRUY / FRUIT FRUIT LEVEL SEEN BY EACH TCAS IIM
19. [ ILNKS / AMSP ADJUSTEQO TCAS TI M POWER LEVELS
20. [ KISAD /7 KIS WISADDRESSES
21. [ anNT / DINTRT ADORESSED RATE TO EACH ATRCRAFT
22. C UPRATE TOTAL NUMBER OF INTERROGATIONS RCO
23, C RCACQ / 1IROL MAXTMUM INTERROGATION RATE IN ROLL
24, C ITRIL1,2,3,4 MAXIMUM FATLED INTERROGATICNS/SCAN
25. C ROLACQ / ACQSUMN MODE S INTERROGAVION RATE COUNT
26, C DORSUA # TCAS II X IN OORNANCY STATE
27. C MAQ ACQUISTION COUNTER
28, c HDOR DORMANCY COUNTER
29. [ NROL ROLL CALL COUNTER
30. [ nsQ SQUITTER STATE COUNTER
3. [ NULL NULL STATE COUNTER
32. [ ROLSUM NUMBER OF AIRCRAFTY IN ROLL CALL
33. [ SENS /7 JSENS AIRCRAFT SENSITIVITIES
34. C SINTY / 1708 INDICATES WHERE TCAS IIM XMITTED
35. [4 K VICTIN AIRCRAFT
36. c LPLUS TCAS IT M TRANSKRISSIONS
37. C SURY / ITRACK ITRACK MODE S TRACK FILE
38. [ TCDATA /7 1111 TCAS I1 M POINTER FILE
39. [ TEMP / ITINE ELAPSED TIME IN STMULATION
40. [ TRAX / JYRANS ATRCRAFT TRANSMISSION POMERS
41, [o 4
42, C
43. INCLUDE RESTART,LLIST
1.1 PARAMETER (NUAIR = 328)
2.1 ¢ - ,
3.I C THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE WODEL.
5.1 C
6.1 LOGICAL PRINT
7.1 DIMENSION TIFILE(NUAIR,8), IJFILE(NUAIR,B8), JCASFI(B3,NUAIR,Y)
8.1 COMMON /TCDATA/ 1111(83), DENS(83), i
9.1 ? IATINCNUAIR), IATSUCNUATIR), IDABN(NUAIR), IDABS(NUAIR)
10.1 EQUIVALENCE (TJFILELIJFILE)
1.1 COMMON /CAS/ ICASFI, TJFILE, NAC, II, PRINT
b4, COMMON/ADJSEN/SESIT(83)
45, COMMON/ATE/DRATE(S3)
46, COMMON/ONT/ODINTRT(NUAIR) ,UPRATE (NUAIR)
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DISMOD

47.
48,
49.
50.
1.
524
53.
Sha
55.
56a
57.
58.
59a
60.
61.
62a
63.
64,
65.
66.
67.
68.
69.
70.
7M.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85e
B6.
87.
88.
89.
90.
9.
92.
93.
4.
95.
96.
97.
98.
99.
100.
101,
102.
103.
104.
105.

[aNaNal

COMMON/FRUT/FRUIT(B3)
COMMON/TEMP/ITIME
COMMON/ZRCACQ/ITRILICO) ,ITRIL2C6),ITRILICO)AITRILACGE),IROLCIO)
COMMON/ SURV/ITRACK(S83,500)
COMMONZROLACQ/ROLSUM,ACQSUM,DORSUM,MROL ,MAQ, MDOR,MSQ,NULL
COMMON/TCAA/NUMTCA

COMMON/ ILMS/KCARR(B3),AMSP(83),IRESET(83)
COMMON/SMOOTH/NOW(E3),TIS(83),TPS(83)

COMMON/TRAX/ JTRANS(NUAIR)
COMMON/SENS/JSENS(NUAIR)
COMMON/SINT/LPLUS,K,1TOB(100)
COMMON/MISAD/MIS(NUAIR)

DEFINE FLD (I,J,K) = BITS (K, I41, J)

IF (I1.EQ.1) THEN

CSum

= 0.

ROLSUM = 0.
ACQsuM = 0.
DORSUM = 0.

MROL

MAQ = 0

MOOR

=0

msQ = 0

NULL
SSUM
CALL
CALL
CALL
CALL
CALL
END IF

=0

= 0.

MOVEKA
MOVEKA
MOVEKA
MOVEKA
MOVEKA

NTRXK = 500
DRATECII) = Q.

GET TCAS ALTITUDE, ZERO OUT COUNTERS.

IH = T111(11)
AL2 = TJFILECIN,3)/5280.

LPLUS =

0

LPLUST = LPLUS

NOW(II)

00 20 IF=s1,NTRK

=0

IPLUS = O

ITRY

IF (ITRACK(II,IF).EQ.O) GO ¥O 20
FLD(0,10,ITRACK(II,IF))

K =

=0

(NUAIR,0,IATIN)
(NUATIR,0,IATSU)
(NUAIR,0,IDABN)
(NUATIR,0,IDABS)
(NUAIR,0,MIS)

MTIME = ITIME - 1

IF (MTIME.LT.1) MTIME=]
A = UPRATE(K)/MTIME

N = UPRATE(K)/MTIME

FR =z

CALL RANN(RAN)
IF (RANJLE.FR) N = N * 1
IfF (N.LT.1) N = §

B-18

Appendix B

3 CLEAR OUT COUNTERS
@ AS EACH NEW
@ SEARCH CYCLE BEGINS.

@ TCAS POINTER
@ TCAS ALTITUOE IN MILES

@ LODP ARDUND ALL A/C
IN TRACK FILE

@ TO KEEP FROM OIV. BY 1ERO
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ek DISMOD [ 2 X ]

1 106. ALY = TUFILE(K,3)/5280. 9 ALTITYDE OF VICTIM A/C
1 107. © ADAL = ARS(CAL2-AL1)

1 108. SR = FLOCO,9, ICASFICII,K,1))/10. 3 SLANT RANGE BETMEEN TWO A/C
1 109. ITEMP = FLO(34,2,ICASFI(II,K,1)) 8 A/C TYPE .
1 110. IF C(ITEMP.EQ.0) GO TO 20 @ ELIMINATE ATCRBS A/C

1 11, RVPR = FLDC17,10,ICASFI(II,K,1)) .

1 112. ATRANS = JTRANSC(IN)/1 000 000.

1 113. CTRANS = 1000.*ATRANS

1 114, RVPR1 = =(RVPR/10.) + 10.+ALOGIOCATRANS) - 3.0

1 115. 1 © = 10.%ALOG10(CTRANS/ANSP(II))

1 114, BTRANS = JTRANS(X)/1 000 000.

1 1M7. RVPR2 = -(RVPR/10.) + 10.4ALOGIOCBTRANS) - 0.7 - 0.5 - 3.0

1 118. ¢

1 119. C REPLY POWER OF MODE S AND TCAS II M TRANSPONDERS OIFFERS BY 2.2 DB.

1 120 ¢

1 121. IF (TJFILE(K,4).EQ.3) RVPR2 = RVPR2 - 2.2

1 122. IGNT1 = (FLD(00,09,IJFILE(K,B))8(24427))

1 123, IGN2 = (FLD(09,09,TJFILE(K,B))e(20427))

1 124. IGNY = (FLD(13,09,1JFILE(K,8))«(24427))

1 125. IGN& = (FLD(27,09,1JFILE(K,8))*(20227))

1 126. GN1 = FLDOATCIGNI/Z(2+#27))/10. + 4.7 - 1.9

1 127. GM2 = FLOAT(IGN2/(2++27))/10.

1 128. GN3 = FLOATCIGN3I/(24227))/10. + 4.7 ~ 1.9

1 129. GN& = FLOAT(IGNA/(2#%27))/10.

1 130. GS = GN1Y :

1 131. IF (GN3.GT.GN1) GS = GN3

1 132. GV = GN2

1 133. IF (GN4.GT.GN2) GV = GN4

1 134, GNGOUP = GS + GV : »

1 135. PWI = RVPRY ¢ GNGOUP @ INTERROGATION POMER

1 136. PMR = RVPR2 ¢ GNGOUP @ REPLY POVWER

1 137. ¢

1 138. ¢ IF VICTIM A/C IS TCAS II WM-EQUIPPED AND ITS REPLY POWER IS ABOVE THE
1 139. ¢ SENSITIVITY DF THE TCAS INTERROGATOR OF INTEREST, RUN SUBR. TSQUIT.

1 140. C

1 144, IF CCITEMP.EQ.3).AND.(PWR.GE.JSENS(IH))) CALL TSQUIT

1 142. ¢ '

1 143. € THE NEXT SEGNENT OF CODE FINDS THE PROBASILITY OF CLEAR RECEPTION OF
1 144, C THE VICTIM®S REPLY SIGNAL BY THE TCAS II M AIRCRAFT USING A CURVE-FITTING
1 145. € TECHNIQUE. THE CURVES WERE SUPPLIED BY LINCOLN LABVORATORY AND MAY BE
} 146. C CONSTDERED SINUSOIDAL IN NATURE FOR THE INTERVAL UNDER CONSIDERATION.

147. C

1 148, IF C(FRUITC(II).LE.O) FRUIT(II) = 100.

1 149, SHIFT = 3. + 10.+ALOG10(FRUIT(II}/11 800)

1 150. OSIXX = -69.

1 151, ORHO = OSIXX + SHIFT

1 152, PON = PR + 3.0

1 153. T = 23.

1 154. IF (PON.GT.ORHO) T = 32,

1 155. Pd = (~DRHO + POW)«2¢3.14159 /7 7

1 156. POC = 0.5 + 0.5*SINCPW)

1 157. IF (POM.LT.(GRHO = 7.)) POC = Q.0

1 158, IF (POW.GT.(ORHO + 8.)) PDC = 1.0

1 159. PDC = 0.95 « POC

1 160. 0SIXX 3 =72

1 161. CRHO 2 OSIXX + SHIFT

1 1624 PON = PWR + 3.0

1 163. T = 28.

1 164, IF (POW.GT.ORHO) T = 32,
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1 165. PH = (~ORHD ¢ POWI*#243.14159 /7 T

1 160, © PDCT1 = 0.5 ¢ 0.5+«SIN(PN)

1 167, 1F (POW.LT.C(ORHO -~ 7.)) PDC1 = 0.0

1 168, IF (POW.GT.C(ORMO ¢ 8.)) PDCY = 1.0 .
1 169. PDC1 = 0.95+P0C1Y

1 170. c

1 171. C

1 172. C UPOATE MODE S TARGET STATUS AND SCHEDULE

1 173. c INTERRDGATIONS

1 174, c

1 175. C

1 176. v = 600.

1 177. IF (TJFILE(K,3).GT.10 000) v = V ¢+ 300

1 178. IF (TJFILECIH,3).6T.10 000) v = V + 300

1 179. TE = INTC(SR%3600.)/V)

1 180. IALTY = 0

1 181. KTRIAL = FLDC22,3,ITRACK(II,IF))

1 182. KSCAN = FLD(25,4,1TRACK(II,IF))

1 183. ICLOCK = FLDC10,8,ITRACK(II,IF))a(24228)

1 1864, ICLOCK = ICLOCK/(2#¢28)

1 185, ISQIT = FLD(29,1,ITRACK(II,IF))

1 186. ISTATE = FLD(18,4,ITRACK(II,IF))

1 187. IF (POWLLELC(SESITC(II) ¢ 3.)) PDC = 0.0

1 188. IF (C(POW .LE. (SESIT(II) ¢+ 3.)) .OR.

1 189, 1 (ISTATE .EQ. 0)) THEN @ NULL STATE

2 190. ICONT = 0

2 191. 4

2 192. NULL = NULL ¢ 1 @ NULL STATE COUNTER

2 193. CALL RANN (RAN)

2 194 IF C(C(RAN.LT.PDCY1).AND.CISTATE.EQ.0)) ICONT = ICONT ¢ 1

2 195. IF CICONT .EQ. 1) THEN

3 196. ISTATE = 1 @ 1 REPLY, 60 TO SQUITTER
3 197. ICLOCK = 16 8 STATE AND SET CLOCK TO
3 198, C 16 SINCE ENTERING FROM
3 199. 4 NULL STATE

3 200. ELSE

3 201. ISTATE = 0

3 202 ICLOCK = 0

3 203. KSCAN = 0

3 204. KTRIAL = 0

3 205. ISQIT = 0

3 206, END IF

2 207. ELSE IF C(ISTATE .EQ., 1) THEN @ SQUITTER STATE

2 208. ICLOCK = ICLOCK - 1 @ DECREMENT PURGE CLOCK;
2 209. c INITIALIZE AT 16 WHEN
2 210. [+ ENTERED FROM NULL STATE,
2 211. C , 0 WHEN FROM ACQ. STATE
2 212. MSQ = MSQ ¢ 1 @ SQUITTER STATE COUNTER
2 213. IF (KTRIAL .GE. 1) THEN

3 214. IF (KTRIAL .EQ. 1) THEN @ UP COUNT INCREMENTS

4 215. KSTEP = 20

4 216, ELSE IF (XTRIAL .EQ. 2) THEN

4 217. KSTEP = 16 ;

4 218, ELSE IF (KTRIAL .EQ. 3) THEN

4 219. KSTEP = 8

4 220. ELSE IF (KTRIAL .£€Q. &) THEN

& 221. KSTEP = &

4 222. ELSE

3 223. KSTEP = 2
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224,
225%.
226a
227.
228.
229.
230.
231.
232.
233.
234,
235.
236.
237.
238.
239.
240.
241.
242.
243.
244,
245.
246,
247.
248,
249.
250.
251,
252.
253,
254a
235.
256.
257.
258.
259.
260.
261.
262,
263,
264,
265,
266,
267.
268,
269.
270.
271.
272.
273.
2%4.
275,
276.
277.
278.
279,
280.
281.
282.

9101

9102

201

210

END IF
Dg 9101 L = 1, N
CALL RANN (RAN)
IF (RAN .LT. POC) THEN
ICLOCK = ICLOCK ¢ KSTEP
IALTY = 1
END 1F
IF CICLOCK .GT. 0) THEN
ISTATE = 2
KSCAN = 0
KTRIAL = KTRIAL + 1
IF (KTRIAL oGT. 4) KTRIAL = &

ICLOCK = 0
G0 T0 9102
END IF
CONTINUE

CALL RANN (RAN)
IF (RAN .LT. POC1) ICLOCK = ICLOCK ¢ KSTEP
IF C(ICLOCK .GE. 0) THEN
ISTATE = 2
KSCAN = 0
KTRIAL = KTRIAL + 1
IF (KTRIAL .GT. 4) KTRIAL = 4
ICLOCK = 0
ELSE IF (ICLDCK .LE. =40) THEN
ISTATE = 0
KTRIAL = 0
KSCAN = 0
ICLoCK = 0
I1SQIT¥T = 0
ENO IF
CONTINUE
ELSE IF (ICLOCK .GE. =1) THEN
ICONT = 0
DO 201 L = 1, (N-1)
CALL RANN (RAN)
IF (RAN .L¥. PDC) THEN
IALTY = 1
ICONT = ICONT + 1
G0 TO0 210
END IF
CONTINUE
CALL RANN (RAN)
IF C(RAN .LT. PDC1) ICONT = ICONT + 1
CONTINUE
IF (ICONT .NE. 0) THEN
IF C(CADAL .GT. 1.700) .ANO.
CIALTY .EQ. 1)) THEN
ICLOCK = 146
ELSE
ISTATE = 2
KTRIAL = KTRIAL + 1t
IF (KTRIAL .GT. 4) KTRIAL = 4
ICLOCK = O
END IF
END IF
ELSE
IcLocx = 0
ISTATE = Q
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294.
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298.
299.
300.
301.
302.
303.
306.
305.
306.
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Wk

KTRIAL = O
ISQIT = O
KSCAN = O
END IF '

ELSE IF (ISTATE .EQ. 2) THEN @ ACQUISITION STATE
KSCAN = KSCAN ¢ 1 @ SCAN INCREMENT
MAQ = MAQ *1 @ ACQUISITION COUNTER
IF (KSCAN .6T. 6) THEN

ISTATE = 1

KSCAN = 0

1cLock = 0

1SQIT = O
ELSE

ITRIL-SUB GIVES MAX PERMISSIBLE MISSES-~A FUNCTION OF TRIAL & SCAN

IF (KTRIAL .EQ. 1) ITRY = ITRIL1(KSCAN)
IF (KTRIAL .EQ. 2) ITRY = ITRIL2(KSCAN)
IF (KTRIAL .EQ. 3) ITRY = ITRIL3(KSCAN)
IF (KTRIAL -GE. 4) ITRY = ITRIL4(KSCAN)
IF (ITRY .NE. 0) THEN
LCOUNT = O
00 1101 L = 1, ITRY ¢ 1
IF C((LCOUNT.LT.2).AND.((L-LCOUNT).LE.ITRY)) THEN
CALL RANNCRAN)
IPLUS = IPLUS ¢ 1
ITOBCLPLYUS ¢ 1) = 3
IF CINTC(GS).EQ.INT(GN1)) ITOB(LPLUS#1) = 1
ACQSUM = ACQSUM +1 3 MODE S INTERROGATION
RATE COUNTER
DRATECTI) = DRATECII) ¢ 1
IF (PWI .GE. JSENS(K)) THEN
ADORESSED RATE TO AIRCRAFT K:
DINTRT(K) = DINTRT(K) ¢ 1
IF (RAN .LT. PDC1) LCOUNT = LCOUNT + 1
IF (LCOUNT .GE. 2) THEN
KSCAN = O
KTRIAL = 0
ISQIT = 0
IF (TE .GT. 43) THEN
ISTATE = & ® GO TO DORMANCY STATE
ICLOCK = TE - 43
DORSUM = DORSUM + 1
ELSE
ISTATE = 3 @ GO TO ROLL CALL STATE
1CLOCK = 0
END IF
END IF
END IF
END IF
CONTINUE
IF (LCOUNT .EQ. 1) THEN
IF CC1SQIT .EQ. 1) .OR. (KSCAN .EQ. 6)) THEN
IF (TE .GT. 43) THEN
KSCAN = 0 :
KTRIAL = O
ISQIT = 0
ISTATE = 4
ICLOCK = TE - 43
DORSUM = DORSUM + 1
ELSE IF CISQIT .EQ.1) THEN
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7 342. ISTATE = 3

7 343, : IcCLOoCK = 0

7 344. KSCAN = 0

7 345. KTRIAL = 0 .
'4 346. ISQIT =0

7 347. END IF

[ 348, ELSE

[ 349. ISQIT = 1

[ 350. END IF

5 351. ' END IF

4 3152. END IF

3 353, END IF

2 354. ELSE IF C(ISTATE.EQ.3) THEN @ ROLL CALL STATE

2 355. KSCAN = KSCAN + 1

2 356. MROL = MROL + 1 @ ROLL CALL COUNTER

2 357. IF (KSCAN .6T. 10) THEN

3 358. ISTATE = 1 @ BACK TO SQUITTER

3 359. ICLOCK = 16

3 360. KTRIAL = 0 8@ LERD TRIAL

3 361. KSCAN = 0 8 LERO SCAN

3 362. 1SQIT = @

3 363. ELSE

3 364. ITRY = YROL(KSCAN)

3 365 DO 401 L = 1, ITRY @ DO UNTIL A REPLY IS RECEIVED
4 366. CALL RANN(RAN)

4 367. IPLUS = IPLUS + 1

4 368. ITOBCLPLUS ¢+ 1) = 3

4 369. IF CINTCGS).EQ.INT(GN1)) ITOB(LPLUSH*1) = 1

4 370. ROLSUM = ROLSUM + 1 @ MODE S INTERROGATION
4 371, 4 RATE COUNTER

4 372. DRATECII) = DRATEC(II) + 1 8 ROLL CALL INTERROGATION
4 373. c RATE COUNTER

4 374. IF (PWI.GE.JSENS(K)) THEN

5 375. DINTRT(K) = DINTRT(K) ¢+ 1

5 376. IF (RAN.LE.PDC1) THEN 3 SUCCESSFUL RECEPTION OF
[ 377. KSCAN = 0 @ REPLY

6 378. IF (TE.GT.40) THEN

4 379. ISTATE = 4

7 380. DORSUM = DORSUM +1

7 381. ICLOCK = TE =~ 40

7 382. END IF

[ 383. 60 TO 402

[ 384, END IF

5 385. END IF '

& 386, 401 CONTINUE

3 387. 402 CONTINUE

3 388. END IF

2 jg9. ELSE IF C(ISTATE.EQ.4) THEN 3 DORMANCY STATE

2 390. ICLOCK = ICLOCK - 1 )

2 391, MDDR = MOOR + 1 3 DORMANCY COUNTER

2 392. IF (ICLOCK.EQ.O0) THEN

3 393, ISTATE = 1 @ BACK TO SQUITTER

3 394, ICLOCK = 16 &
3 395. KTRIAL = 0

3 39¢6. KSCAN = 0

3 397. ISQIT = D

3 398, END IF

2 399, END IF

1 400. FLD(10,8,ITRACK(II,IF)) = ICLOCK
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401.
402.
403.
404.
40S5.
406.
407.
408.
409.
410.

wh wh wd ad b ad ad b

20 CON
RET

FLD(18,4, ITRACK(TII,IF)) = ISTATE
FLDC22,3,ITRACK(ITI,IF)) = KTRIAL
FLOC25,4, ITRACK(IILIF)) = KSCAN
FLD(29,1,ITRACK(II,IF)) ='ISQIT
FLO(SY1,1,ITRACK(ITILIF)) = O
LPLUS = LPLUS ¢+ TIPLUS

LPLUST = LPLUS

TINUE

URN

END

END FTN 1253 IBANK 240 DBANK 75362 COMMON
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SUBROUTINE FILES

'

Appendix B

.

THE FUNCTION OF THIS SUBROUTINE IS TO CREATE A FILE TO BE USED AS
INPUT DATA TD THE DABS/ATCRBS/AINS PPM MHICH WILL DETERMINE THE NET .
EFFECTS OF DEPLOYING TCAS SYSTEMS IN THE ENVIRONMENT.

AhRARAd s natanad® INPUTS /7 OUTPUTS S 4tsaaaaaaatttaatantdttddaddaanantass

COMMON BLDCKS / VARIABLES
INPUTS OUTPUTS DESCRIPTION
ATE / DRATE TOTAL INTERROGATIOMS REC®D BY TCAS 1IM
CAS / NAC NUMBER OF AIRCRAFY
ILMS / KCARR NUMBER OF W=S LEVELS TCAS IIM IS USING
MISAD /7 MIS MODE S MISADORESSES
SETA / ADRESS MODE S ADORESSES
TCDATA / IATIN ATCRBS INTERROGATIONS DUE TO TCAS II M
IATSU ATCRBS SUPPRESSIONS DUE TO TCAS II M
IDABN MOOE S INTERROGATIONS DUE TO TCAS II M
IDABS MODE S SUPPRESSIONS OUE TO TCAS II M
TCRATY 7 ATCRAT TCAS I INTERROGATIONS AT EACH AIRCRAFT
INCLUDE RESTART,LIST

PARAMETER (NUAIR = 328)

THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE
STATEMENTS IN THE MODDEL.

LOGICAL PRINT
DIMENSION TJUFILE(NUAIR,8), IJFILE(NUAIR,8), ICASFI(83,NUATIR,1)
COMMDN /TCOATA/Z I111(83), DENS(83),
IATINCNUAIR) » IATSUCNUAIR), IDABN(NUAIR), IDABS(NUAIR)
EQUIVALENCE (TJFILE,IJFILE)
COMMON JCAS/ TCASFI, TJFILE, NAC, 11, PRINT
COMMON/ILMS/KCARRCO3), AMSP(83),IRESET(83)
COMMOUN/ATE/DRATE(83)
COMMON/MISAD/MIS(NUAIR)
COMMON/SETAZADRESS (NUAIR)
COMMON/SENS/JISENS (NUAIR)
COMMON/TCAA/NUMTCA
COMMON/TEMP/ITIME
COMMON/TCRATI/ATCRAT(NUAIR)
KF = 0

00 2023 KE = 1, NAC
IF CIJFILE(KE,LG).EQ.3) THEN
KF = KF + 1
AMTSUP = 6£0.+KCARR(KF) + 100.*DRATE(KF)
ELSE
ANTSUP = 0.
END IF
MRITE (10,2025) MISC(KE),IDABS(KE) ,IDABN(KE),IATIN(KE),
IATSUCKE) JADRESS(KE) ,AMTSUP,ATCRAT(KE)
FORMATC10X,5115,F10.5,2X,F10.3,2X,F10.3)
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[E R FILES A
1 47. 2023 CONTINUE
1 48. [« '

49. RETURN

50. END ! .

END FTN 64 IBANK 107 DBANK 32975 COMMON
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@FTN,S B.FRUITA,FRUITA
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SUBROUTINE FRUITA

THE PURPOSE OF THIS SUBROUTINE IS TO COMPUTE FRUIT RECEIVED AY EACH

TCAS AIRCRAFTY, AND 70 COMPUTE THE PROBABILITY OF REPLY
FOR EACH AIRCRAFT.

RERRARNAARAAR INPUTS 7 OUTPUTS ARAANAAARAAR AR NAS
COMMON 8LOCKS / VARIABLES

INPUTS ouUTPUTS DESCRIPVIGN
CAS / ICASF1 TCAS I1 M ENVIRONMENTAL FILE

I1 TCAS II M IDENTITY

IJFILE AJC CHARACTERISTICS FILE

NAC NUMBER OF A/C
FRUT 7/ FRUIT FRUIT SEEN BY EACH TCAS II M A/C
MISAD /I WIS MIs MISAODRESSES
RATE /7 IADJIN INTERROGATION RATE FOR EACH A/C

1ACJSU SUPPRESSION RATE FOR EACH A/C
SENS / JSENS SENSITIVITY LEVEL FOR EACH A/C
TCDATA /7 1111 TCAS II M POINTER

IATIN ATCRBS INTERROGATIONS DUE TO

TCAS II ® A/C
IATSU ATCR8S SUPPRESSIONS DUE TO
TCAS II M A/C

IDABN MODE S INTERROGATIONS

I0ABS RODE S SUPPRESSIONS
TPREPL / PREP PROBABILITY OF REPLY FOR EACH A/C
TRAX / JTRANS TRANSMISSIDN PONER FOR EACH A/C

INCLUDE RESTART,LIST
PARAMETER (NUAIR = 328)

THE LOGICAL VARTABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE
STATEMENTS IN THE MODEL.

LOGICAL PRINT )
DIMENSION TJIFILE(NUAIR,8), IJFILECNUAIR,8), ICASFI(33,NUAIR,1)
COMMON /TCDATA/ I111(83), DENS(83).,
IATINCNUAIR) » TATSUCNUAIR), IDABN(NUAIR), IDABS(NUAIR)
EQUIVALENCE (TJFILEL,IJFILE)
COMMON /CAS/ ICASFI, TJIFILE, NAC, I1, PRINT
INTEGER STAT(2,NUAIR),KMIS(NUAIR)
COMMON/RATE/IADJINCNUAIR) »IADJSUCNUAIR)
COMMONZ FRUT/FRUIT(83)
COMMON/MISAO/MIS (NUAIR)
COMMON/TPREPL/PREP(NUAIR)

‘COMMON/ TRAX/ JTRANS (NUAIR)

COMMON/SENS/JSENS (NUAIR)

DELETE THE FOLLOMING COMMON STMT AFTER TESVING

COMMON/TEMP/ITINME

OEFINE FLDCI,J,K) = BITS(K,I¢1,J)
IF (II .EQ. 1) THEN
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47.
43,
49.
50.
51.
52
53%.
She
55
56
57.
58.
59.
60.
61.
62.
63,
64,
65.
66.
67.
68.
69.
70.
7.
72,
73.
74,
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
39.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.
102.
103.
104,
105.

o
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LR 2]

D01 I = 1, NUAIR @ CYCLE, SAVE MISADDRESSED,
KRISCI) = MISCI) 2 INTERROGATION, AND SUPPRESSION
IF C(IJFILECI,A) .EQ. 0) THEN @ RATES FROM PREVIOUS SECONO.
STAT(1,1I) = IATINCI) L
STAT(2,1) = IATSUCI)
ELSE
STAT(1,1) = IDABN(I)
STAT(2,1) = IDABS(I)
END IF
CONTINUE
END IF

GET IDENTITY OF TCAS II M AIRCRAFT.
IHOLD = I111(II)
FRUIT(II) = 0
00 6000 1Q = 1, NAC @ SELECT A VICTIM AIRCRAFT,
CHECK THAT VICTIR AIRCRAFT IS WITHIN RANGE:
1F (ICASFI(I1,1Q,1).EQ.0) GO TO 6000
ITY = FLO(34,2,ICASFI(11,1Q-1))
PLUI = STAT(1,10Q)
PLUS = STAT(2,1IQ)
IF (ITY .EQ. 0) THEN
DEDI = PLUI # 0.000060
ASuP = 0.000035
ELSE
OEDT = PLUI + 0.000024
ASuP = 0.000020
END IF
TOTAL SUPPRESSION TIME DUE TO GROUND ATC (IADJSU) AND TCAS II M
EMISSIONS (ADDRESSES AND MISADDRESSES):
OEADI = IADJINCIQ)=0.000060 + OEOI
DEADS = IADJSU(IQ)*0.000035 + PLUS*0.000035 + KMIS(IQ)*ASUP

FIND VICTIM AIRCRAFT TVPE

NUMBER OF INTERRDGATIDNS RECEIVED
NUMBER OF SUHPPRESSIONS RECEIVED
ATCRSS A/C .

DEAD TIME IS 60 NICROSECONOS
SUPPRESSIDN TIME IS 35 MICROSECONDS

OEAD TIME IS 24 NICROSECONDS
SUPPRESSION TIME IS 20 MICRDSECONDS

OEAOT = DEADI ¢ DEADS @ TOTAL OEAD TIME
CINTERROGATION ¢ SUPPRESSION)
PREP(IQ)=1-DEAOT @ PROBABILITY OF REPLY

(1 - TOTAL DEAO TINE)

ANTENNA CDUPLINGS BETWEEN TCAS II M AND VICTIM AIRCRAFT FOLLOW. THE
FACTOR OF 24227 SHIFTS 8ITS UP AND THEN BACK DOWN AGAIN TO RECOVER THE
SIGN BIT,

I1=CFLDC0,9,TJFILEC(IQ,9))#22427) 3 TOP ANTENNA GAIN

122(FLD(9,9,1JFILECIQ,8))#2#227) @ BOTTOM ANTENNA GAIN

I3=xC(FLDC18,9,IJFILECIQ,B8))%22427) @ TOP ANTENNA GAIN

I1 = I1/72#e27

12 3 [2/72+227

13 = 13/72¢#27

GS = 11710.0 ¢ 4.7 - 1.9 3 MODE S POMER ADJUSTMENT

IF ((13/10.044.7-1.9).6T.6S) 65 = I3/710.0 + 4.7 - 1.9

GYy = 12710.0

GSUM = G5 ¢ GV @ ANTENNA COUPLING.
1POW = FLD(17,10,ICASFI(11,1Q,-1)) @ POWER COMPUTED BETWEEN TCAS II M ¢
PWR = IPOW @ VICTIM AIRCRAFT

PHR = ~(PWR/10.) + 10.+ALOGIOCJTRANS(IQ)/1000000.)-0.7-0.5-3.0
TCAS II M REPLY POMER:

IF (TJFILECIQ,4).EQ.3) PUR = PHR = 2.2

PWR = PWR + GSUM @ TOTAL POMER

IF (PURLGE.JSENSCIHOLD)) THEN
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[ 2 2] FRUITA (22
2 106. IF (ITY .NE. O0) PLUI = 0O
2 107. [ COMPUTE AND STORE FRUIT RATE:
2 108. FRTRAT = PREPCIQI~IADJINCIQ) + PREP(IQ)#PLUI
2 109. FRUITCII) = FRUIT(II) ¢ FRTRAT .
2 t10. END IF
1 t1t. 6000 CONTINUE
112. RETURN
113. END

END FTN 351 IBANK 1073 DBANK 33381 COMMON
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FIN 11R11R14 05730785-13:15(¢.)

1.
2.
3.
4a
5e
6.
7.
8a
9.
10.
11.
12.
13.
14.
154
16.
17.
18.
19.
20a
21.
224

[ Y YU QO P G S

L I BN BN B 3

FUNCTTION HIATPW(NWSL)

THIS FUNCTION OETERMINE THE HIGHEST ATCROBS W-S LEVEL SENT WHEN & TOTAL
OF NHSL ARE TRANSMITTED.

FIND THE HIGHEST POWER LEVEL (IN DBM) SENT

IHIPRL a 83 ~ NWSL ¢+ 1 @ PRIORITY OF HIGHEST LEVEL SENT

IFC IHIPRI oLE. 63) THEN
POMLEY = 49 = (THIPRI + 2)/4 3 HIGHEST POWER SENT BY TOP FRNT ANTENN

ELSE IF( IHIPRI .LE, B80) THEN
POMLEV = 36 @ HIGHEST POWER SENT BY BOTTOM

ELSE

POMLEY = 36 = 2+(IHIPRI ~ 80)
END IF

CONVERT POWLEY TOQ WATTS

HIATP Y = 10,2+ ((PORLEV*6-30)/10.) 4 POMLEY (D8M) ¢ 6 08X - 30 OBM TO MM

RETURN
END

END FTN 64 [BANK 21 DBANK

AHOG,P  wax

FILES “an
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THIS SUBROUTINE SETS UP INITIAL VALUFS FOR ALL THE COMMON

VARIABLES TQ BE USED IN THE MODEL.
THE VARIABLES ARE CONTAINED IN THE DATA DICTIONARY OF THE

SIGNAL
INCLUDE

PARAMET

ENVIRONMENT MOOEL 8Y C. GILCHRIST AND G. PATRICK.
RESTART, LISTY

ER (NUAIR = 328)

DETAILED DESCRIPTIONS OF ALL

TCAS

THE LOGICAL YARIABLE PRINT, NWHEN FALSE, WILL SUPPRESS ALL MRITE

STATEME

LOGICAL

NTS IN THE MODEL.

PRINT

DIMENSION TJFILEC(NUAIR,8), TJFILECNUAIR,B), ICASFI(B83,NUAIR,1)

COMMON

? IATINCNUAIR), TATSUCNUAIR), IDABN(NUAIR), IDABS(NUAIR)

EQUIVAL
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
1 I1R0L
COMMON
1 NULL
COMMON
COMMON
COMRON
COMMON
COMMON
COMMON
COMMON
COMMON
CONMON
COMMODN
COMMON
COMMON
COMMON

/TCOATA/ I111(83), DENS(83),

ENCE (TJFILE,IJFILE)

JCAS/ ICASFI, TJFILE, NAC, 11, PRINT
JADJSEN/ SESIT(83)

JANTENN/ AZPAT(368), DIFPAT(36)

JANTO/ PASTOP(19), PASBOT(19)

JANTT/ ANTTOP (19), ANTBOT(19)

JATE/ DRATE(83)

/BBBEAR/ TLAT, TLON, RLAT, RLON, DIST, BEARTX
JOPLYMT/ IATCR, 1DAB, ITCA

/FRUT/ FRUIT(83)

7ILMS/ KCARR(B3), AMSP(83), IRESET(83)
JLEVEL/ ISETA, JMAX, KMAX, TPOW, PMAX
JLEVEL2/ ICHEK

/MISAD/ KRIS(NUAIR)

JONT/ DINTRT(NUAIR), UPRATE(NUAIR), AMEAN(200). ASDE(200)

JRATE/ TADJINC(NUAIR), IADJSUCNUAIR)

JRCACQ/ TTRIL1CS), ITRIL2(6), ITRIL3I(6), ITRILA(S).

(10)

JROLACQ/ ROLSUM, ACQSUM, DORSUM, MROL, MAQ, MDOR, MSQ,

JSENS/ JSENS(NUAIR)

/SETA/ ADRESS(NUAIR)

/SINT/ LPLUS, K, IT0B(100)
/SMOOTH/ NOW(83), TIS(83), TPS(83)
/SURV/ ITRACK(83,500)

/TCAA/ NUMTCA

JTCRAT1/ ATCRAT(NUAIR),

ITENP/ ITIME

JTPREPL/ PREP(NUAIR)

JTRAN/ TCST(8Y)

JTRAX/ JTRANS(NUAIR)

JWSCAR/ JILUWS(83)

JMSHOUTZ IPRF(24), IPRS(40), IPRB(15), IPRBOT(4),

1 IPOMF(24), IPOWS(41), IPOWB(15), IPOWBO(4)

D0 200
SES
ORA

FRUIT(I)

1 =1, 83
Inen Oe
TE(ID) 0.
0.

4 h W

B~ 31



DOT/FAA/PM-85/22

L3 NS L VIR VN VI P QR S R S S S SN Qi iy

-k A S ad b md md wd e od b b od b oh h —d

P e .

- d wd -

INIT

47.
48.
49
50.
51.
52.
53.
54
55.
56a
57.
58.
59.
60.
61.
62.
63.
64
65.
66,
47.
68,
9.
70‘
71.
72.
73.
4.
75.
Té.
7.
78.
79.
80.
81.
82.
83.
84.
85.
86.
a7.
88.
89.
90.
9.
92‘
93.
94.
95.
964
97.
98.
99.
100.
101.
102.
103.
104.
105.

¢

300

375
200

500
400

600

T00

KCARR(I) = 83
AMSP(I) = 0.
IRESET(I) = 0

NOW(I) = 0
TIS(I) = 0.
TSI = 0.
I111(1) = 0
TCST(I) = 0.
ILwS(I) = O

DENS(I) = 0.
IF (1 .LT. 42) [IPOWS(I) =0

D0 300 J = 1, NUAIR
ICASFI(I,J4,1) = O
CONTINUE
o0 375 J =1, 500
ITRACK(I,J) = O
CONTINUE
CONT INUE

00 400 I = 1, NUAIR
MISC(I) = O
OINTRT(I) = 0.
UPRATE(I) = 0.
TADJINCI) = O
IAQJSUCI) = O
JSENS(I) = 0
ADRESS(I) = 0.
IATINCI) = 0
IATSU(I) = 0
IDABNC(I) = G
I0ABS(I) = G
ATCRAT(I) = 0.
PREP(I) = 0.
JTRANS(I) = O
00 S00 J =1, 8

TJFILE(L,J) = D.
CONTINUE
CONTINUVE

00 600 I = 1, 200

AMEANCI) = Q.

ASDE(I) = 0.

IF (I .LE. 100) ITOB(I) =0
CONTINUE

00 700 I = 1, 24

IPOWF(I) = 0

IF (1.LE.15) 1POWB(I) = O
CONTINUE

TLAT =
TLON =
RLAT =
RLON =

=

IATCR = 0
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INIT

106.
107.
108.
109.
110.
11.
112.
113,
114,
11s5.
116,
17.
118.
119.
120.
121.
122,
123.
124,
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138,
139.
1‘0.
141.
142.
143.
144,
145.
146.
147.

“148.

149.
150.
151.
152.
153.
154.
155.

Appendix B

K=0
NUMTCA = O
ITIME = O

DATA (ANTTOP(I),I%1,19)/-31.3,-16.3,-8.5,-6.0,-4.0,-3.0,-2.0,0.0
‘:0.01‘5.01'8-01‘12.01'16-01‘17.01‘10.01‘21.0:‘25.0:'31.0:‘32-0/

DATA (ANTBOT(I),I=1,19)/-32.0,-31.0,-25.0,-21.0,~18.0,-17.C»-16.0,
"12-01‘8.01‘5.010-010-01‘2-01-3.01".00‘6.01'3-51‘16.]1'31-3/

OATA C(TTRIL1(I),I=1,6)/3,3,3,0,0,0/

DATA (ITRIL2(I),I=1,6)/2,2,2,0,0,0/

DATA CITRIL3(I),1=1,6)/1,1,1,0,0,07

DATA CITRIL4(I),1=1,6)71,0,0,0,0,0/

DATA (IROLCI),121,10075,4,3,2020202+2,2,2/

DATA CAZPAT(I),1%1,36)/000,00s00010r2008006009.015.02720232s160r
1300120011221 110o110 01100110, 10. 10,210,112, 12,16/
$25.022es132780s5273042071.,0.,0.7

DATA (DIFPATCI) I%1,36)/12001200120213201300110090s600ba030s2.0
2#2eslaslerlortertertertertestlartarlerterteslarerBarbarbarBes
*11.,13e,14.013.,13.7

DATA (PASTOP(I),I=1,19)/=31.3,=16.3,-8.5,-2.8,-0.3,1.3,2.0,2.5,
#©2.501.0,0.5+,-3.0,~7e0,~11.0,-14,.5,~17.0,-18.0,-31.0,-32.0/

DATA (PASBOT(I),I=1,19)/-32.0,-31.0,-18.0,-17.0,-14.5,-11.0,-7.0
©9=3000-0250100,2.50205,2.0,123,0-3,-2.8,-8.5,~16.3,-31.3/

DATA C(IPRE(ID,I21,24)/1,5+,9,13,17221,25,29+33,37,41,45,49,53
#57761,64,67,70,73,76,77,18,79/

DATA CIPRS(ID,131,40072,3,6,7,10,11,14,15,18,19,22,23,236,27,
#30,31,34,350,38,39,42,43,46,47,50,51,54,55,58,59,62,63,65,66+,
%68,69,71072,74,757

DATA (XPRB(I)IX'1I15)I‘IBI121161201241281321361‘014‘1‘8'52:56'60’

DATA (IPRBOT(I),I=1,4)/80,81,82,83/

DATA (TPDWBO(I),I=1,4)/0, O, O, O/

RETURN

END
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3T INPUT hen
BFTN,S B.INPUT,INPUT
FTN 11R1 02727785-16:35(9,)
1. SUBROUTINE INPUT
2. C ! .
3. [ THE FUNCTION GF THIS SUBRQUYINE IS VO LOAD CHARACTERTICS FRON L. A.
4. C BASIN MODEL AND RATES GENERATED FROM OABS/ ATCRB8S/ AINS/ PPN FOR
5. C EACH TRANSPONODER.
6. [
Te [4 SRR ERANARR INPUTS /7 OUTPUTS AAARARERARAAS
8. C '
9. [ COMMDN BLOCKS 7/ VARIABLES
10. c INPUTS ouUTPUTS DESCRIPTION
11. C
12. [ N CAS I TIJFILE TYPE QOF EACH AIRCRAFY
13. C NAC NUMBER OF AIRCRAFT
14. [ TJFILE AIRCRAFT CHARACTERISTICS
15. C DPLYNT / IATCR NUMBER OF ATCRSS A/C
16. C IDAB NUMBER OF MODE S A/C
17. [ ITCA NUMBER OF TCAS II M A/C
18. C RATE / IADJIN INTERROGATION RATES FOR EACH A/C
19. c IADJSU SUPPRESSION RATES FOR EACH A/C
20. [
21. INCLUDE RESTART,LIST
1.1 PARAMETER (NUAIR = 328)
2.1 €
3.1 C THE LOGICAL VARIABLE PRINT, WHEN FALSE, MILL SUPPRESS ALL MWRITE
4.1 C STATEMENTS IN THE MODEL.
5«1 €
6.1 LOGICAL PRINT
7.1 DIMENSION TJUFILE(NUAIR,B8), IJFILE(NUAIR,8), ICASFI(83,NUAIR,T)
8.1 COMMON /TCOATA/ 1111(83), DENS(83),
9.1 ? IATINCNUAIR), IATSUCNUAIR), IDABN(NUAIR), IDABS(NUAIR)
10.1I EQUIVALENCE (TJFILE,IJFILE)
1.1 COMMON /CAS/ ICASFI, TJFILE, NAC, 11, PRINT
22a DIMENSION TIATVINRC(NUAIR),ISUPRTCNUAIR)
23. COMMON/RATE/TADJINCNUAIR) ,TADJSUCNUAIR)
24. CHARACTER®S4 S,E,TYPE,LATS8,LONB
2%. EQUIVALENCE (TYPE,LITYPE),(NAC,N)
26. COMMON/ODPLYMT/IATCR,IDAB,ITCA
27. DATA S2R/74.8481368E-6/ @ SECONDS TO RADIANS
28. OATA S,E/°S°,“EY/
29« NAC=0 8 AIRCRAFT COUNTER.
30. RAT1ID=,420 8 THIS NUMBER IS (ROUGHLY) THE
31. [4 PERCENTY OF THE TOTAL DEPLOY-
32. [4 MENT OESIRED. CHANGE THIS
13, C NUMBER TO CHANGE THE SIIE OF
34 € i THE OEPLOYMENT.
35a D0 100 L=1,NUAIR . 8 READ IN ATC RATES FROM
36. C DABS/ATCRBS/AINS PPN
1 37. REAO(S,I1)IATINRCL) #ISUPRTC(L) DALAT,DALON 9 INTERRDGATION, SUPPRESSION,
1 38. c LATITUDE, LONGITUDE
1 39. 1 FORMAT(10Xx,2110,2F10.4)
1 40. [ i
1 41, [ READ THE TRANSPONDER CHARACTERISVICS FROM THE L. A. BASIN MODEL
1 42, 2 READ(S,20,END=140)LAD,LAN,LAS,LATS,LD0,LOMN,LDS,LONB,ALT,TYPE,
1 43, ~ DX,0V,02
1 b, 20 FORMAT(3I2,A1, 13,212, A1 3XoF8,0,9KsA40 1XsFbbhstXsFb.4,1X,FB.4)
1 45. CALL RANN(RAN) @ RANOOMLY ELIMINATE AIRCRAFT
1

6. IF(RAN.GE.RATID) GO 1O 2 @ FROM DEPLOYMENT TO PRODUCE

B~ 34
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LOWER DENSITY DEPLOYMENTS.

CONVERTS TYPE FROM ASCII VO
FIELOATA, .
CONVERTS TYPE FROM FIELDATA
TO INTEGER.

LATITUDE IN RADIANS.
LONGITUDE IN RADIANS.
DETERMINE LOCATION

(N/S AND E/W).

COUNT A/C

LATITUDE

LONGITUDE

ALTITUDE

TYPE OF TRANSPONDER

OX (WESTWARD VELOCITY)

0Y (NORTHWARD VELOCITY)

DI (UPWARD VELOCITY)

COUNT ATCRSS TRANSPONDERS.
COUNT MODE S TRANSPONDERS.
COUNT TCAS TRANSPONDERS.
LOAD INTERROGATION RATES
FROM DABS/ATCRBS/AINS PPM,
LOAD SUPPRESSIOMN RATES
FROM DABS/ATCRBS/AIMS PPM.

hd INPUT [1X}
1 7. C
1 48. + TONE=1
1 9. CALL FASCFOCIONELTYPE,TYPE)
1 50. c ¢
1 51. CALL CNVRT(ITYPE)
1 52. (4
1 53. RUAT=(CLADAIS00) *(LAMNG0)+LAS)*S2R
1 S4. RLON=C(LOD*3600)+(LOM=60) ¢LOS)*S2R
1 55 IFCLATB(1:1).EQ.SC121))RLAT==RLAT
1 S56. C '
1 57« IFCLONB(1:21).EQ.EC(T:T1))IRLON=~RLON
1 58. NEXNAC*}
1 59. C
1 60. C LOAQ POSITION, VELOCITY, AND TYPE OF EACH TRANSPONDER,
1 é1. [
1 62. TIFILE(N,1)aRLAT
1 63. TJIJFILE(N, 2) =RLON
1 64, TIFILE(N,3)=ALT
1 65. IJFILE(N,4)=ITYPE
1 86. TIFILE(N,S5)=DX
1 67. TJIFILE(N,6)=DY
1 68. TIFILE(N, 7)>D2
1 69. IFCIJFILE(N,4).EQ.O0) IATCR=IATCR*1
1 70. IFCIJFILE(N,4)LEQ, 1) IDAR=IDAB+]
1 M. IF(IJFILE(N,4) .EQ.3) ITCA=ITCA®1
1 72. IAQJINCN)SIATINR(N)
1 ?73. C
1 T4, IADJSUCN)=ISUPRT(N)
1 75. C
1 ?4. 4
1 77. 100 CONTINUE
78. 1640 CONTINUE
79. RETURN
8Q0. END

*NON~STD USAGE 3128

END FTN 1 NON-STD USAGES 183 I8&ANK

STYPE® EQUIVALENCED TO A NONCHARACTER ITEM
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@FTN,S ALINTLI
FTN 11R11R1A Co/03/785-15:05(37,)

1. SUBROUTINE INTLI

2 C

le C THE PURPUSt UF THIS SUBROUTINE [S TO CHECK THE AMOUNT OF TCAS II M

4. [ INTERRQLATIONS SFENT (AOTH MONE S AND ATCRBS), AND TO DETERMINE

S5e C If ANV OF THE THREE INTERFERENCE LIMITING INEQUALITIES ARE

Aa C VIOLATED, IF VIOLATED, POWER ANO SENSITIVITY ADJUSTMENTS ARE

7. C POSSIBLE ACCORDING TO INTERFERENCE LIMITING PROTOCOL. THIS

A C SUBRODUTINE WAS MUDELED ACCORDING TO THE MINIMUM OPERATIONAL

Ve C PERFORMANLCE STANUARUS (MCPS).
10. C

1. C ARAANEARS RN ARG RPN S INPUTS /7 OQUTPUTS tndadirdcindobhodasdibdfdddbshddadas
12. [
13. C COMMON BLOCKS / VARIABLES
16, C INPUTS ouTPUTS DESCRIPVION
15. 4

18, [ ‘ADJSEN / SESIT SESIT ADJUSTED SENSITIVITY LEVELS OF TCAS II
17. C CAaS /7 It TCAS II M IDENTITY

1%. [ ILMS /] AMSP AMSP ADJUSTED POWER LEVELS OF TCAS II M
19. C [RESET IRESET 16-SECOND FREELE COUNTER
20. C NuWSL # W-S LEVELS EACH TCAS II M IS USING
21. C SENS 1 JSENS SENSITIVITY LEVELS OF ALL AIRCRAFT
224 [ SMOOTH / NuW NOW NUMBER OF TCAS II M OETVECTED
23a [ TIS SMOOTHED EMISSION POWERS
che [ AVMSPH SMOOTHED TOTAL MODE S POMWER
25. C TCOATA /7 1111 TCAS IT M PODINTVER FILE
26. [ TE MP /7 ITIME ELAPSED TIME
27, C TRAX 1 JTRANS TRANSMISSION POWER OF ALL AIRCRAFT
24, C
29 [
30. PARAMETER ( PMATCH = 10.we( (3.0~64.7)710.) ) & FACTOR FDR MODE S POMER
31. PARAMETER ( PMSFAC = 10.%¢( (~4.7)710.) ) @ MODE S PDW AT ANTENNA
32. PARAMETER ¢ ONZ0B = 10.#¢(.1) ) @ OEFINE 1 DB
33. -«
34a INCLUDE RESTART,LLIST

1.1 PARAMETER (NUAIR = 743)

¢.I ¢

J.I C THE LOGICAL VARIAGBLE PRINV, WHEN FALSEs, WILL SUPPRESS ALL WRITE

4.1 C STATEMENTS [N THE MODEL.

5.1 C

6.1 LNGICAL PDISMD,PINTLI,PTCSMT,PATMOD,PDISINSPFILES,PFRUIT,PSTATS

7.1 COMMON /PRYolL/ PDISMUSPINTLILPTCSHT,PATHMO0,PDISINSPFILESSPFRUIT,

8.1 2 PSTATS :

9.1 .

10.1 DIMENSION TUFILE(NUAIR,B), IJFILEC(NUAIR,8)», ICASFI(B83,NUAIR,1)

1.1 COMMON /TCOATAZ I111(83), DENS(33),

12.1 ? IATIN(NUAIR), [ATSUCNUALR), IDABNC(NUAIR), IOABSC(NUAIR)

13.1 EQUIVALENCE (TJFILELIJFILE)

14.1 COMMON /CAS/Z ICASFI, TJUFILES, NACs I, PRINT

35. INCLUDE TEMP,LIST

1.1 COMMON JTEMP/ ITIME

36. INCLUDE TILM3,LIST

1.1 COMMON ZILMS/ NWSL(43), AMSP(83)s IRESET(83), ATSUMP(0:83),

2.1 2 IRETRN, TPOW

37. INCLUGE SMOOTH,LISY

1.1 CUMMON />MJIDTH/ NOW(B3), AVMSPW(B3),TIS(83)

3s. INCLUDE ALJSENSLIST

1.1 COMMON /A0DJSEN/ SESIT(BI)
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39.

40.
1.1

atl.

42.

1.1
bé.
45.
w6
47.
&3, *
49, L]
50 L
51. 10
52a
5%,

S4e

5%.

56.

57.

58.

59, L
60, *
61, -
6l

63,

6k,

65,

06, ]
ol. L
08. "
09 20
70.

7.

724

75, L
T4,
75.
76,
7.
3.
79.
80.
51a
LY
33.
444
35 .
36 *
b?.

88,

49.

90.

91,

2.

93, -
Ve,

Appendix B

INCLUDE ATE,LIST

COMMON /ATe/ NRATL(I3)
INCLUDE TRAXK,LIMTY

COMMON /TRAXZ JTRANS(NUAIR)
INCLUDE SENSALIST

COMMON /SENS/ JSENS(NUAILIR)
10 = 11111 @ ID OF TCAS TI M OF INTEREST
IRESET(II)=IRESET(II)-1 ® DECREMENT FREEZE CLOCK
RSEQ1 = 7.E44/7C1 + NOJ(ID) ) @ 250W « 280 A/C 7 (1 ¢ NDF TCAS DET 8vY SQ)
RSEQ3 = 2.E¢4/(Ct + NUM(II) ) @ 250W » 80 A/C /7 (1 +NOW)

POINT 1: ELIMINATE w-S STEPS TO STASIFY EQUATION 3

IFC ATSUMP(NMSLCII) ) .GT. RSEQ3) THEN
IFC NWSL(II) .EQ. O) THEN o CHECK IF ANDY W~=S STEP ARE LEFT
IRETRN = 0
RETURN
END IF
NWSLCII) = NWSL(I1) - 1 @ REMOVE 1 W-S LEVEL
6D TD 10 @ RECHECK EQUATION 3
END IF :

POQINT 2: CHECK TO SEE IF 16 SEC FREELE ON MOOE S VARIATIONS IS ON

IFC IRESETCII) .GToe O JAND. ITIME .GTe 15) THEN

IRETRN = 1 @ SEE FIGURE 3-3
RETUKRN.
ELSE @ FREEIZE IS QOFF

POINT 3: CHECK EQUATIONS 1 AND 3

THSPOW = AVMSPW(II) *PASFAC @ AVERAGE RATE » AVERAGE POWER (IN WATTS)
TATPOW 2 ATSUMP( NWSL(II) ) @ TOTAL ATCRBS POWER

TPOW = TH5P0M ¢ TATPON d TOTAL PDWER RADIATED IN LAST SECOND
LSEQ2 = GO*NWSLCII) ¢ 100«NINT(TIS(II) ) @ # OF USEC OF SELF-SUPRESSION

IFC TPOW LT, RSEUT LAND. LSEQ2 .LT. 10000) THEN @ EQUATIDNS 1 AND 2

POINT 4: CHECK TO SEE IF MODE S RANGE > ATCRBS RANGE. SINCE THE RANGE IS
OIRECTLY PROPORTVTIONAL TO THE TX POWER, AND THE ATCRBS SENS IS 3 DB > MODE $S
SENSes THE EQUIVALENT CHECK IS TO SEE IF MODE S PDW + 3 0B > HIGHEST ATCRBS W-S
LEVEL SENT., A FACTOR OF 4.7 DB MUST BE SUBTRACTED FROM THE MODE S POWER STORED
IN AMSP(II) TO ACCOUNY FOUR CABLE LOSSES AND ANTENNA GAIN ON THE HORIZON. THIS
FACTOR MINUS THE 5 08 DUE TO SENSITIVIVY DIFFERENCES IS THE PARAMETER PMATCH.

IFC AMSP(IL)*PMATCH .GTo HIATPW(NWSL(II)) ) THEN

POINT 5: 400 1 W-=$S LEVEL AND RECHECK EQUATIDN 3

IFC NASLCII) .EQ. B83)THEN @ ALL W=S LEVELS SENT
IRETRN = 2 @ SEE FIGURE 3-3
RETURN

ENU IF

TATPOW = ATSUMPC NWSLCII) +1) @ ADD W-S LEVEL

IFCTATPOW LLE. RSEQ3) THEN

% POINT 6: CHECK IF ADODING A W-S LEVEL VIOLATES EQUATIDNS 1 OR 2
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Y95 -

Yha TPOW TATPOW ¢ TMSPONW

97 IFCTPOW .LT. HSEQ1 .OR. LSEQ2+60 .GT.10000) THEN

Ve IRETRN = ) @ SEE FIGURE 3-3

9. RLTURN @ POINT 7

100, ELSE

11, NdSLCIL) = NuSLCIX) ¢ 1 @ POINT 8

102. GJ TO 20 @ GO TD POINT 3

105, END IF @ END FOR POINT 6

104, ENU IF @ END FOR POINT §

105. END IF @ END FOR POINT &

1064 -

107. s POINT 9: CHECK TO SEE IF MUOE S RANGE CAN BE INCREASED

103, *

1094 POWMS = JTRANSCID)Z1000. @ MAX MODE S POWER IN WATTS
110. IFC aMSPC(IL) oLT. PDWMS)THEN @ INST POW < MAX POM
11, aMSP(II) = AMSP(II) « ONEDB @ 1 DB INCREASE IN POWER
11¢2. SESITCIL) = SESITCIN) = 1. d 1 DB DECREASE IN MTL
113, IRESEY(II) = 18 @ POINT 15 RESET FREELE
1144 IRETRN =

115. RETURN

110, ELSE

17, [RETRN =

114, RETURN @ POINT 11

119, END IF

120, .

121, ELSE » CUME HERE FROM POINT 3 IF IT IS FALSE

122. .

123. « POINT 12: DOES MUDE S RANGE EXCEED ATCRES RANGE ?

124, .

1254 ATPW = HIATPW(NWSLC(II) )

126, AMSPN = AMSPCII) & PMATCH

127. C WPITECO,T10)AMSPCIT) o AMSPUWLATOY

1238, 16 FORMAT(® IN INTLI LINE 125: AMSP AMSPW ATPH',3F8.1)
129. .

140, IFC AMSPCILI)@PHATCH GT. HIATPW(NWSL(II)) ) THEN

131, AHSPCIT) = AMSP(II) / ONEDS @ 1 DB DECREASE IN POWER
152, SESITCII) = SESITCII) ¢ 1. @ 1 DB INCREASE IN MTL
133, IRESETCII) = 16 @ POINT 15: FREELZE MODE §
154, IKETRN = ¢ @ SEE FIGURE 3-3
155, RETURN
158, FLSE

157, NWSLCIL) NWSLCII) = 1 @ POINT 142 DELETE 1 W-S LEVEL
134, IFC NWMSLCII) .EQ. Q)THEN @ NO W-S LEVEL LEFT TO DELETE
139, MRITECO,4) TN INTLI:z ALL W-S',

1404 2 ¢ LEVELS DELETED FOR TCASH¥ =',11

141, IRETRN 7

1624 RETURN

143, END IF

144, GLU TO 20 @ GO TO POINT 3

145, END IF

146, ENO IF -]
147, END IF

14da *
149, RETURN

150. ENC

FYN 323 ISANK 99 DBANK 72999 CUMMCN
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(21} LO0AOQ ek
AFTN,S B.LOAD,LDAO
FIN 11R1 02/727785-16:35(15,)
1. SUBROUTINE LOAD
2. C ' .
3. C THE FUNCTIUNS OF THIS SUBROUTINE ARE:
b C 1. T0 UPDATE AIRCRAFT POSITIONS
5. c 2. T0 COMPUTE THE HEADING OF EACH TCAS
6. C 3. TD UPDATE MODE S TRACK ARRAY (1 TRACK)
7. C 4. TO LOAD ARRAY BETWEEN TCAS AND VICTYIM AIRCRAFT (ICASFI)
8. C ' THAT CONTAINS POWER, RANGE, BEARING, AND TYPE
9. C S« TO COMPUTE THE AIR TRAFFIC DENSITIES ABOUT €ACH TCAS.
10. c :
1. C rcchnanteandnbantasndddd INPUTS 7 OUTPUTS 24t aataadanddtdddrdaddondds
12. C
13. C COMMON B8LOCKS 7/ VARTIABLES
14. (4 INPUTS CUTPUTS * DESCRIPTION
15. C
16. [ CAS 7 ICASFI TCAS II M ENVIRONMENTAL FILE
17. C NAC . NUMBER OF AIRCRAFT
18. [ TJFILE A/C CHARACTERISTICS FILE
19. C SURV /7 ITRACK ITRACK MODE S TRACK FILE
20. (4 TCAA / NURTCA NUMBER OF TCAS II M AIRCRAFT
21. (4 TCOATA 7 DENS AZ7C DENSITY ABOUT EACH TCAS II N
22. c nn TCAS II M POINTER FILE
23. C TEMP / ITIME ELAPSED TIME IN SIMULATION
24 C
25. c
26. LOGICAL ZERO
27. COMMON/BBBEAR/TLAT,TLONSRLAT,RLON,DIST,BEARTX
28. INCLUOE RESTART,LIST
1.1 PARAMETER (NUAIR = 328)
2.1 C
3.1 € THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MOOEL. :
S.I €
6.1 LOGICAL PRINT
7.1 DIMENSION TJFILECNUAIR,B8), TJFILE(NUAIR,B8), ICASFI(B3,NUAIR,1)
8.1 COMMON /TCDATA/ I111(83), DENS(83),
9.1 ? IATIMINUAIR), IATSUCNUAIR), IDABNINUAIR), IOABS(MUAIR)
10.1 EQUIVALENCE (TJFILE,IJFILE)
11.1 COMMON 7CAS/ ICASFI, TJUFILE, NAC, 1I, PRINT
29. COMMON/SURV/ITRACK(83,500)
30. COMMON/TEMP/ITIME
. COMMON/TCAAZ/NUNTCA
32. DIMENSION THETA(B3)
33. DEFINE FLOC(I,J/K)= BITS(K,I41,J)
34. CF = 0.0002909 B @ CONVERTS NAUTICAL MILES TO
35. (4 RADIANS.
36. 1 IFCITINELNE.O) THEN
37. ¢ .
38. c UPOATE A/C POSITIONS EVERY FORTY SECONDS.
39. c )
1 40. DO 310 KR = 1, NAC i
2 41, QLAT = TJFILEC(KR,1)
2 4L2. TIFILE(KRAT) = TIFILE(KR,T) ¢ (TIFILEC(KR,6)ACF)240.
2 43, TIFILE(KR,2) = TIUFILECKR,2)+(TIFILECKR,5)«CF/COSCALAT))*40.
2 LYY TIFILE(KR,3) = TJUFILE(KR,3) ¢ TUFILE(KR,7)*40,
2 4S. 310 CDNTINUE
1 héb. END IF
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63.
[
65.
6.
67‘
68.
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70.
7M.
72.
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75.
76.
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78.
79.
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81.
82.
83.

* 84.

85.
86.
87.
88.
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90.
91.
92.
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95.
96.
97.
98.
99.
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101.
102.
103.
104,
105.
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Appendix B

LOAD/UPDATE ARRAYS.
DENSU = 0. ! @ 1ERO OUYT DENSITY CDUNTERS
OENSUT = Q0.
DENSU5 = 0,
DENSU3 = 0,
OENSS = Q.
DENS30 = Q.
D0 300 I = 1, NUNTCA 8 LOOP OVER ALL TCAS II M A/C

COMPUTE HEADING OF TCAS II M

IH = T111(D)
THETACI) = ASINCTUFILECINH,6)/Z7CCTIFILE(IN,5)ae2 ¢
TIFILE(IH,6)042,)0e0,.5))057.2957

THE FACTOR OF 57.2957 IN THE ABOVE EQUATION CONVERTS THE ANGLE FRON
RADIANS TO DEGREES.

THE ANGLE THETA ABOVE WAS COMPUTED IN THE FOLLOWING COORIDINATE SYSTEM:
DUE WEST IS O DEGREES, DUE NORTH IS 90 DEGREES, EAST IS 180 DEGREES,
AND SOUTH IS 270 DEGREES. HOWEVER THE COORIDINATE SYSTEN WE WISH TO
WORK IN IS AS FOLLOWS: NDRTH AT O DEGREES, WEST AT 90, SOUTH AT 180,
ANG EAST AT 270. THE CALCULATION ABOVE ALSO ASSUMES THAT THE PLANE
IS HEADING WEST, SO TO CORRECT THESE PROBLEMS, WE MUST SUBTRACT THE
ABOVE ANGLE FROM 90 DEGREES, AND IF IT 1S HEADING EAST SUBTRACT THAT
ANGLE FROM 360 OEGREES, WHICH RESULTS IN ADDING 270 TO IT. (NENM
THETA = 90 ~ THETA, AND EAST ~THETA = 360 = NEW THETA = 360 - (90~
THETA) = 270 ¢ THETA.)

YAW = 90. =~ THETA(I)

IF (TJFILECIN,S).LT.0.) YAW = 270, ¢ THETA(I)

THETA(I) = YAW*3.14159/180. 8 3.14159/7180 CONVERTS THE
ANGLE BACK INTO RADIANS

MAXNAC = O
TLAT = TJUFILEC(IH,1) @ TCAS IINM LATITUDE IN RADIANS
TLON = TJFILE(IN,2) @ TCAS IIN LONGITUDE IN RADIANS
ALTY = TJFILE(IN,3)/6076.0 ® TCAS IIM ALT IN NMI
LOOP OVER ALL AIRCRAFT
DO 500 J = 1, NAC
ICASFI(I,J,1) = O
IF (IH.EQ.J) GO TO 500 @ DON'T SELECT THE TCAS II M AS

THE VICTIN AIRCRAFT.
RLAT = TJFILECJ,1) , @ UPDATE VICTIM AIRCRAFT
LATITUDE (RADIANS).

RLON = TJFILEC(J,2) 8 UPDATE VICTIM AIRCRAFT
LONGITUOE (RADIANS).

ALT2=TJFILE(J,3)/6076.0 @ VICTIN AIRCRAFT
ALTITUOE (NNI).

CALL G8EAR @ COMPUTE R,THETA OF VICTIM
AIRCRAFT,

BEARTX = BEARTX * 40.

A = DIST @ HORIZONTAL DISTANCE
(NAUTICAL MILES).

B = (ALTY! ~ ALT2) 8 DIFFERENCE IN ALTITUDE

(NAUTICAL NILES),
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" 110.

11.
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17.
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131.
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136.
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144,
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151.
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153.
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155.
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157.
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159.
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101,
162,
163.
164,
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C =

SLY
IF

0=A
IF

1200

1201
ELS

$001
END
5004 CDN
UPDATE

IN

AP
PR

IF
IF

ENOD
500 . CONTIN

Appendix R

(SQRT(A=A ¢ B*B))*10. 8 STRAIGHT ~ LINE OISTANCE
(SLANT RANGE).
RG = C ¢ 1. @ IN TENTHS OF NAUTICAL MILES
(IJFILECJ,4).EQ.0) GD TO 5004 @ IF MODE S OR TCAS II M A/C,

UPDATE TRACK FILE
BS(8s1.15+5280.)
C(SLTRG .LE. 500) .ANO. (8 .LT. 1.48)) THEN
LOAD NEW ALRCRAFY
LERO = .FALSE.
00 1200 Ix = 1, 500
IF (FLDCO,10,1TRACKCI,IX)).EQ.J) GOTO 1201
IF CCITRACK(ILIX).EQ.O0).AND.(.NOT.ZERG)) THEN
LERDO = .TRUE.

31 = IX
ENO IF
CONTINUE
FLDCO,10,ITRACK(ILJIT)) = J
CONTINUE
3 @ ELIMINATE FROM MODE S TRACK
DO S001 Iz = 1, 500 8 FILE ALL AIRCRAFY BEYOND 50
IN = FLD(O,10,ITRACK(I,I1)) 8 NMI OF TCAS II M.
IF C(IN .EQ. J) ITRACK(I,IZ) = O
CONTINUE
IF
TINUE

TCAS ENVIRONMENTAL ARRAY

THE FOLLOWING PROPAGATION LOSS EQUATION:

37.80 = CONSTANT AOJUSTRMENT FACTOR FOR THE UNITS
1030 = UPLINK FREQUENCY IN MEGAHERTZ

SLTRG/10 = THE SLANT RANGE IN NMI

3.0 = CABLE LOSS

60.0 = CONVERSION FROM KILOWATTS TO MILLINATTS

= 37.80420.%AL0G10¢1030.)+20.*ALOGIOC(SLTRG/10.)+3.0-60.

= (~AP)#*10. @ LOSSES NITHOUT ANTENNA
COUPLINGS.

(SLTRG.GE.S500) ICASFI(I,J,1) = 0

(SLTRG.LT.300) THEN

1F (A-LE.10.) MAXNAC = MAXNAC + 1 8 COUNT THE AIRCRAFY WITHIN

10 NNI OF TCAS IIN.

RELATIVE RANGE.

RELATIVE BEARING.

RELATIVE PONER.

Ix INT(SLTRG)
1v INTC(REARTX)
IZ = INTCABS(PR))

FLD(00,09,ICASFI(I,J,1)) = IX LOAD RANGE.

FLO(17,10,ICASFI(1,J0,1)) = I2 LOAD POMER.

FLO(34,2,1CASFI(I,J,1)) = LIJFILECJ,4)

TEMP1 = (IV/40.) - THETA(I)

IF CTEMPI.LT.0) TEMPY = TERPY ¥+ 6.28318

TEMP = (TEMPY/0.098175) + 1

MSEC = INT(TENP)

IF (MSEC.EQ.D) MSEC = 1 ;

FLOC27,7,ICASFI(I,J,1)) = MSEC

IF (MSEC.GT.65) FLD(R27,7,ICASFI(I,Jr1)) = 64

THE = TEMPI#%40.

FLD(9,8,ICASFI(I,J,1)) = INT(THE) & LOAD BEARING OF VICTINM.
IF @ END VICTIM ALE FILE.

UE
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ane LOAD 'L
2 165. C
2 166. C COMPUTE LOCAL DENSITY ABOUTY TCAS II M
2 167. [ .
1 168. DENS(I) = WMAXNAC/(3.14159+=100.) 8 AIR TRAFFIC DENSITY .
1 149. [ WITHIN 10 NAUTICAL MILES.
1 170. c
1 171. 300 CONTINUE @ END TCAS AIRCRAFT.
172. RETURN
173. END

END FTN 517 IBANK 206 DOBANK 72837 COMMON
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e PRESETY L XX
QFTIN,S B.PRESET,PRESET
FIN 11R1 02427785-16:35(47,)

1. SUBROUTINE PRESET

2. Cc ! ;s
3. o THE PURPOSE OF THIS SUBROUTINE IS TO APPROXIMATE THE INTERFERENCE -
4. c LIMITING EFFECTS ON EACH TCAS AIRCRAFT,

Se Cc THIS SUBRDUTINE IS ONLY CALLED FOR ‘ITIME = Q°,

6. Cc

Te C Ahedad A AONANA INPUTS /7 OUTPUTS BEASAARAARAN
8. c :

9. C COMMON BLOCKS / VARIABLES

10. C INPUTS ouTPUTS DESCRIPTION

1. c

12. C ADJSEN / SESIT TCAS II M SENSITIVITIES ADJUSTED
13. [o TO CONFORM TD I-L EQUATIONS
14. C CAS / TIFILE AIRCRAFT CHARACTERISTICS FILE
15. Cc DPLYNT /7 1IDAB NUMBER OF MODE S AIRCRAFT

16. C ITCA NUMBER OF TCAS II ® AIRCRAFT
17. C ILMS / AMSP TCAS II M TRANSHISSION POWER,
18. C ADJUSTED T0 SATISFY I-L EQNS.
19. [« SENS 7 JSENS ATRCRAFYT SENSITIVITY LEVELS
20. [ SURY /7 ITRACK MODE S TRACK FILE
21. [ TCAA /7 NUMTCA NUMBER DOF TCAS AIRCRAFT
22. [ TCOATA /7 1111 TCAS 1I M POINTER FILE
23%. c TRAX 1 JTRANS AIRCRAFT TRANSMISSION POWERS
24, [
25. C
26. INCLUDE RESTART,LIST

1.1 PARANETER (NUAIR = 328)

2.1 C

3.1 C THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE

4.1 C STATEMENTS IN THE MODEL.

5.1 ¢

6.1 LOGICAL PRINT

7.1 OIMENSION TJFILECNUAIR,B8), IJFILECNUAIR,8), ICASFIC83,NUAIR,1)

8.1 COMMON /TCDATAZ 1111¢83), DENS(83),

9.1 ? IATINCNUAIR)» IATSUCNUAIR), IDABN(NUAIR), IDABS(NUAIR)
10.1 EQUIVALENCE (TJFILE,IJFILE)
1.1 COMMON /CAS/ LICASFI, TJUFILE, NAC, II, PRINT
27. COMMON/SURV/ITRACK(83,500)

28. COMMON/TCAA/NUATCA

29. COMMDN/ ILMS/KCARR(B3),AMSP(83),IRESET(83)
30. COMMON/AOJISEN/SESIT(83)
. COMMON/TRAXZJTRANS (NUAIR)
32. COMMON/SENS/JSENS (NUAIR)
33. COMMON/OPLYMT/IATCR,IOAB,ITCA
34. DEFINE FLOCI,J,K)=BITS(K,I*1,))
35. NTRK = 500 & NUMBER OF TRACKS IN TRACK FILE
36. 00 1 IT = 1, NUNTCA @ LOOP OVER ALL TCAS IIM A/C
1 37. SQTARG = O.
1 1.8 AQTARG = (.
1 39. RCTARG = O.
1 40. LY = [11101IT)
1 41. TCALT = TJFILE(LT,Y) @ TCAS IIM ALTITUDE,
1 42. 00 2 1IF = 1, NTRK 8@ LODP DVER TCAS IIN-MOOE S
2 3. K = FLOCO,10,ITRACK(IT,IF)) @ TRACK FILE.
2 “h. IF (K.EQ.0) GO VO 2 @ AIRCRAFT REMOVED FROM TRACK
2 (5. ITEMP = FLO(34,2,ICASFI(IT,K,1)) @ GET I0 IN ENVIRONENT ARRAY
2 @ O MEANS ATCR8S AIRCRAFT,

46. IF C(ITEMP.EQ.O0) GO TO 2
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the PRESETY LT 2]
2 47. SR = FLD(O,9,ICASFI(IT,K,1))/10. ’
2 48, : IF (SR.6T.35.) GO 10 2 @ SR GREATER THAN 35 NNT
2 49. SQTARG = SQTARG + 1 ? SQUITYER COUNT (SQTARG)
2 50. AMSALT = TJUFILE(K,3) @ MOOE § ALT. (FEET), .
2 51. DALY = ABSCTCALY = AMSALT) @ DIFFERENCE IN ALT. (FEET),
2 52. IF (SR.6T7.30.) GO Y0 2
F4 5% IF (DALT.6T.9000.) GO TD 2
2 54. IF (SR.GT.7.16) AQTARG = AQTARG + 1 @ COUNT NUMBER IN AQUISITION
2 55 IF (SR.LE.7.16) RCTARG = RCTARG *+ 1 B COUNT NUMBER IN ROLL CALL
2 56. 2 CONTINUE 8 END TRACK LOOP.
1 57. INOS = I0A8 + ITCA 8@ TOTAL NURBER OF MODE S
1 58. C AND TCAS IIm AIRCRAFT,
1 59. NTCSaSQTARG*(FLOATCITCA)I/CFLOATCINDS))@ TOTAL NUMBER OF SQUITTER
1 60, C TARGEYS FOR MDDE S /7 TCAS,
1 61. [
1 62. C DEVERMINE NUMBER OF POWER & SENSITIVITY ADJUSTMENTS NEEOGED TO SATISFY
1 63. C - INEQUALITY #1 OF INTERFERENCE-LIMITING. MAKE NO MORE THAN SEVEN
1 64, [ ADJUSTMENTS. SEE ECAC-PR-B84~003 AND THE TCAS NMOPS FOR MORE INFORMATION.
1 65, [
1 66. JATEN = =1
1 67. ANEQ = 300.
1 48, C
1 69. 1200 IF ((ANEQ .GE. 280.) AND. CJATEN .LE. 7)) THEN
2 70. JATEN = JATENK ¢ 1
2 M. [
2 72. C APPROXIMATE THE NUMBER OF INTERROGATIONS SENT 8Y TCAS IIM.
2 73. NHT=C(C1.24RCTARG) +(0.05*AQTARG*(0.890++JATEN)))
2 T4, C
2 75. C CALCULATE INEQUALITY #1 ANO CHECK TD SEE IF IT HAS BEEN SATISFIED.
2 76, ANEQ = NHT#(, 8920 JATENIANTCS -
2 77. GD TO 1200
2 78. END IF
1 79. SESITCIT) = JSENSCLT) ¢ JATEN @ ADJUSTED TCAS IIM SENMSITIVITY
1 80. C TO BE USED IN I-L.
1 81. ATRANS=JTRANS(LT) /1000,
1 82. AMSPCIT)=C(ATRANS*(0.7904%JATEN)) ® AOJUSTED TCAS IIM PDMWER
1 a3. [ 70 BE USED IN I-L.
1 84, 1 CONTINUE
85. RETURN
Bé. END

END FTN 236 IBANK 88 DBANK 73821 COMNON
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dFTN,S B.RANN,RANN

FIN 11R1% 02/727785-16:35(4,)
1. SUBROUTINE RANNCRAN)
2. C ' .
3. C THIS SUBROUTINE IS A RANDOM NUMBER GENERATOR OEVELOPEOD BY (. W. EHLER.
h. [
5. LOGICAL GTISY
6. IF C(.NOT.(GUIST)) THEN
1 Te ISEED = 532413
1 8. GTIST = .TRUE,
1 9. END IF
10. ISEED = ISEED~3125
1. RAN = ABSCFLOAT(ISEED))«.2910383048299172500-10
12. RETURN
13. END

END FTN 39 IBANK 16 DBANK
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STATS

AFTN,S B.STATS,STATS
02727785-16:35(49,)

FIN 11RY
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Appendix B

SUBROUTINE STATS

THE PURPOSE OF THIS SUBROUTINE IS TG COMPUTE STATISTICS FOR SEVERAL
TCAS VARIABLES.

ARttt bAnpRAnrtRtAnGnAnaandt INPUTS /7 OQUTPUTS At taantataattttadtatdahAdtntas

COmMMON BLOCKS 7/ VARIABLES
INPUTS OUTPUTS DESCRIPTIONS

ATE / DRATE DRATE TOTAL INTERROGATIONS REC®D BY TCAS IIM
CasS /7 NAC NUMBER OF AIRCRAFT IN DEPLDVMENT
DPLYMT / IATCR NUMBER OF ATCRBS AIRCRAFT
10A8 NUMBER OF MODE S AIRCRAFT
ITCA NUMBER DF TCAS II M AIRCRAFT
SMOOTH / NOMW NUMBER OF TCAS IIM INTERROGATIONS
TCOATA / IATIN ATCRBS INTERROGATIONS DUE TO TCAS II M
IATSU ATCRBS SUPPRESSTONS OUE TGO TCAS II WM
10ABN MODE S INTERROGATIONS DUE TQ TCAS II M
I0A8S MODE S SUPPRESSIONS DUE TO TCAS II M
TCRATY /7 ATCRAT TCAS 1 INTERROGATIDNS AT EACH AIRCRAFT
TEMP 1 ITIME SIMULATION TINE

INCLUDE RESTART,LIST
PARAMETER (NUAIR = 328)

THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE
STATEMENTS IN THE MOOEL.

LOGICAL PRINT
DIMENSION TJUFILE(NUAIR,B8), IJFILE(NUAIR,8), ICASFI(B83,NUAIR,1)
COMMON /TCDATA/ I%11(83), DENS(83).,

IATINCNUAIR), TATSUCNUAIR), IDABN(NUATIR), IDABS(NUAIR)
EQUIVALENCE (TJFILE,IJFILE)
COMMON /CAS/ ICASFI, TJUFILE, NAC, II, PRINT
COMMON/TEMP/ITINME
COMMON/SHOOTH/NOW(BI), TIS(83),TPS(83)
COMMON/ATE/DRATE(BY)
COMMON/OPLYMT/IATCR,IDAB,ITCA
COMMON/TCRATI1/ATCRATINUAIR)

COMPUTE AVERAGE NUMBER OF TCAS II M WITHIN EACH TCAS VOLUME, AND
AVERAGE NUMBER OF INTERROGATIONS SENT B8Y TCAS II M.

SIGSUM = 0.0

PSUM = 0.0

OSUM = 0.0

DO 10 NS = 1, ITCA
ANOW = NOW(NS) @ TCAS 1IM SQUITTER COUNTER.
PSUM = PSUM + ANCW/FLOAT(ITCA) 8 COMPUTE AVERAGE NUMBER DF
SIGSUM = SIGSUM & ANOWA~ANOM @ TCAS IIM IN VOLUME. '
DRATECNS) = DRATE(NS) + 1
DSUM = OSUM + ORATE(NS)/FLOAT(ITCA) @ AVERAGE INTERROGATIONS

CONTINUE

ESDEV = SQRT((SIGSUM/FLOAT(ITCA)) ~ PSUM*PSUN)
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STATS

47,
48.
47,
50.
51.
52.
53a
54.
5.
56.
57.
58,
59,
60.
61.
62.
63.
b4,
65.
66‘
67.
68.
69.
70.
M.
72.
73.
T4,
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88,
89.
90.
9.
92.
93.
9%
95.
96.
97.
98.
99.
100.
101.
102.
103.
104.
105.

[aNalNal
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L 2 X ]

SUM = [TCA ¢ [DAS @ TOTAL NUMBER OF MQDE S A/C
SUMT1 = TATCR 8 NUMBER OF ATCRBS-ONLY A/C
15uN2 = 0

ISym3 = 0 ' .
Isuns = 0

ISUM5 = 0

ISung = 0

ISUN9 = O

ISUn10 = 0

Isum1 = 0

DO 11 IK = 1, NAC
IF (TJFILECIK,A) NELO) THEN

COMPUTE STATS DN TCAS I, TCAS IIM, ANO MODE S INTERROGATIONS.

ISUM2 = ISUM2 + TIDABNCIK) ¢ ATCRAT(IK)
ISUM3 = ISUM3 + IDABSCIK)
ISUM4 = ISUM& + (TOABNCIK) + ATCRAT(IK))#e2,
ISUNS = ISUMS ¢ TOABSC(IK)*IDABS(IK)
ELSE

COMPUTE NUMBER OF WHISPER-SHOUT INTERROGATIONS AND SUPPRESSIONS
RECEIVED AT ATCRSS,

ISUME = ISUMB + JATINCIK)+ATCRATCIK) @ W-S INTERROGATION RECEIVED
AT ATCRBS DUE TO TCAS I & II
@ WHISPER-SHOUT SUPPRESSION
RECEIVED AT ATCRBS,
ISUMTIO = ISUMTI0 ¢ C(IATINCIK) + ATCRAT(IK))»s2,
ISUMYIT = TSUMTY ¢ TATSUCIK)#IATSUCIK)
END IF
11 CONTINUE
Al = ISUMB/SUMY
AS = ISUM9/SUMY
AISDV = SQRT(ISUMIO/SUMT - AI=AT)
ASSDV 3 SQRT(ISUKTIT1/SUNMT - AS*AS)
0I = ISUMZ2/SUM
DS = ISUM3/SUM
OISOV = SQRTIISUMA/SUM - DI=DI )
DSSOV = SQRT(ISUMS/SUM ~ DS+DS)
IF (PRINT) WRITE(#,12) ITIME, PSUM, ESUOEV, DSUM, AI, AISDV, AS
IF (PRINT) WRITE(&,13) ASSOV, DI, OISOV, DS, DSSDY
12 FORMAT (*1°,1X,*SIMULATION TIME: *,13,° SECONDS',/+7,1K%s
TAVERAGE NUMBER OF TCAS II M IN ANY TCAS II M YOLUME: °,
F10.427,1X,
* STANDARO OEVIATION: ',
F10a&osls721%,
*AVERAGE NUMBER OF INTERROUGATIONS SENT BY TCAS IXI mM: °,
F10.407,7,1%,
CAVERAGE ATCRBS INTERRROGATIONS RECEIVED OUE YO TCAS II M: °*,
F10.427,1%,
. STANOARO OEVIATION:
F10.4s747,1X,
*AVERAGE ATCRBS SUPPRESSIONS RECEIVED DUE TQ TCAS II M: 4
F10.4)
13 FORMAT (/,1X,
¢ STANDARD DEVIATION: ’
? F10.4,7,7,1%,
? *AVERAGE MODE S INTERROGATIONS RECEIVED DUE TO TCAS ITI M: ',

ISUMS = ISUM9 ¢+ TATSUCIK)

ATCRBS INTERROGATION.
ATCRBS SUPPRESSION.
STANDARD DEVIATION

AVERAGE MODE S INTERROGATIONS
AVERAGE MODE S SUPPRESSIONS
STANDARD DEVIATION

0 b s o b o e o ned P P

-
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(T T] STATS ahe
106. ? F10u4s/s1X,
107. ? * STANDARD ODEVIATION: L
108. ? F10.4,7,7,1%,
109. ? *AVERAGE MODE S SUPPRESSIONS RECEIVED OUE TQ TCAS II M: 'y .
110. ? F10.4,7,1X,
111, ? ¢ STANDARD DEVIATION: *,
112. ? F10.4)
113. RETURN
114, END

END FTN 297 IBANK 309 OBANK 31993 COMNMON
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SUBROUTINE TCAS1

THE FUNCTION OF THIS SUBROUTINE IS TO DETERMINE THE EFFECTS OF
DEPLOYING TCASY AIRCRAFT IN THE ENVIRONMENT. ALL MOOE S AIRCRAFT
ARE ASSUMED TO BE TCAS I-EQUIPPEO. THIS SUBROUTINE IS CALLEO ONLY
WHEN A TCAS I ANALYSIS IS CONOUCTEOD.

AERRANNBANRAARRES INPUTS /7 OQUTPUTS BRAARBAAARR R A AR AARANAARAAAROAARCARAARAN

COMMON BLOCKS / VARIABLES
INPUTS ouTPUTS DESCRIPTION
ANTQ / PASBOT RECEIVING ANTENNA PATTERNS: BOTTIOM
PASTOP TOP
ANTT 7 ANTBOT TRANSHITTING ANTENNA PATTERNS: BOTTONM
{ ANTTOP ToP
CAS / IJFILE AIRCRAFT TYPES
NAC NUMBER OF AIRCRAFT
TJIEILE ATRCRAFT CHARACTERISTICS
SENS /7 JSENS SENSITIVITY LEVELS FOR EACH AIRCRAFT
TCRATY ¢/ ATCRAT NUMBER OF TCAS I INTERROGATIONS AT EACH
AIRCRAFT

INCLUDE RESTART,LISY
PARARETER (NUAIR = 328)

THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE
STATEMENTS IN THE MOODEL.

LOGICAL PRINT
DIMENSION TJUFILECNUAIR,8), IJFILE(NUAIR,8), ICASFI(83,NUAIR,Y)
COMMON /TCDATA/ 1111(83), DENS(83),
1 IATINCNUAIR), IATSUCNUAIR), IDABNCNUAIR), IDABS(NUAIR)
EQUIVALENCE (TJUFILE,IJFILE)
COMMON /CAS/ ICASFI, TJIFILE, NAC, Il, PRINT
COMMON/ANTT/ZANTTOP(19),ANTBDT(19)
COMMON/ANTO/PASTOP(19),PASBOT(19)
COMMON/SENS/JSENS(NUAIR)
COMMON/BBBEAR/TLAT,TLON,RLAT,RLONSDIST,BEARTX
COMMON/TCRATI/ATCRAT(NUAIR)
08 10 NN = 1, NAC @ SELECT A TCAS 1 AIRCRAFT,
IF (CTJFILEINN,4) . EQ.3)O0R.(TIJFILEINN,4).EQ.D)) &0 TO 10
TLAT = TJFILE(NN,1) TCAS I LATITUDE (RADIANS)
TLON 3= TJFILE(NN,2) TCAS I LONGITUDE (RADIANS)
ALTIA = TJUFILEINN,3)76076.0 TCAS I ALTVITUDE (MILES)
ITYP = IJFILE(NN,4)
00 11 IA = 1, NAC
1F (NN.EQ.IA) GO YO W
RLAT = TUFILE(IA,Y)
RLON = TJUFILE(IA,2)
ALT2A = TJFILE(IA,3)/76076.0
CALL BEAR

PICK YVICTIN A/C

VICTIN LATITUDE (RADIANS)
VICTIN LONGITUDE (RADIANS)
VICTIN ALTITUDE (MILES)
GET MORIZONTAL DISTANCE
BETWEEN AIRCRAFT

VERTICAL SEPARATION (NNMI)
SLANT RANGE (KMI)

8C = (ALTIA =~ ALT2M)
CO = (SQRT(DISTADIST ¢ BC+BC))
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2 47. ARGA=(BC/DIST)

2 48. ' THET = (ATAN(ARGA))I«57.296 @ DETERMINE ANGLE BETWEEN
2 49. THETAT = ABSU(THET+90.)710.) @ TCAS I AND VICTIM aA/C

2 50. ITH1 = THETAT1 + 1 ! .
2 51. THETAZ = ABSC((THET=90,)/10.)

2 52. ITH2 = THETAZ ¢ 1

2 53. c t

2 54e C DETERMINE GAIN OF ANTENNA.

2 55. c

2 56. © GNT = ANTTOPCITHT) ¢ (CTHETAY ¢ 1) « FLOAT(ITH1))»

2 57. 1 CANTTOPCITHI41) = ANTTOP(ITH1))

2 58. 6N2 = PASBOT(ITH2) ¢ C((THETA2 ¢ 1) - FLOAT(ITH2))»

2 59. 1 (PASBOT(ITH241) - PASBOT(ITH2))

2 60a GN3 = ANTBOTCITH1) ¢ C((THETAY ¢ 1) =~ FLOAT(ITHI))e

2 61. 1 CANTBOTCITHI¢1) - ANTBOTC(ITH1))

2 62. GN& = PASTOPCITHZ2) + ((THETA2 ¢ 1) -~ FLOATC(ITH2))e

2 63, 1 (PASTOPCITH241) -~ PASTOP(ITH2))

2 64, GS = GN1

2 65. GV = GN2

2 66. IF ((GNA.GT.GN2) .AND.(IJFILE(IAL,4).NE.O)) GV = GN&

2 67. GNCOUP = GS ¢ GV

2 68. LOS = 36.58 ¢ 20.+AL0G10C1030.)+20.+AL0GI0CCO»1.15)+3,.~60

2 69. PR = ~13.98 -~ LOS ¢ GNCOUP - 3. 8 COMPUTE RECEIVED POWER

2 70. IF (PR.LT.JSENSC(IA)) GO TO 11 @ IF POWER RECEIVED LESS THAN
2 1. C SENSITIVITY, DO NOT COUNY
2 72. ATCRATCIA) = ATCRAT(IA) + 1 @ COUNTER ARRAY AT VICTINS DUE
2 73. C TO TCAS I INTERROGATIONS.
2 T4, 1 CONTINUE

1 75. 10 CONTYINUE

76. RETURN
7. END

END FTN 274 IBANK 87 DBANK 32067 COMMON
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ene TCSMNT “re

@FTN,S A.TCLSMOT,ATCSAGT
FTN 11R11R1A 05/30/85~-15:16(27,)

1. SUBROUTINE TCSMOT
2. &
3 4
4. 4 THE PUKRPUSE THIS SUBROUTINE IS TO PRUODUCE VALUES FOR THE
Se 4 EMISSIDN POWERS AND INTERROGATIONS RATES SMODTHEO OVER A 16-SECOND
[ C TIME PERIOD.
7. 4
B. C (XX R XZZ RS R U INPUTS /7 QUTPUTS ARARAR RSN R AR AAN AR AN N RO O RAARS
9. 4
10. 4 COMMON BLOCKS / VARIABLES .
1. [ INPUTS OUTPUTS DESCRIPTIONS
12. C
13. 4 ATE / ORATE TOTAL INTERROGATIONS REC'D BY EACH
14. [4 TCAS II M TRANSPONDER
15. 4 CAS /7 II TCAS II M IDENTITY
16, c ILMS /7 AMSP ADJUSTED TCAS II M TRANSMNISSION POWER
17. 4 SMOOTH /7 TIS SMOGTHED EMISSION POWER
18, c AVHSPY SMOOTHED TOTAL MODE S POWER
19. 4 TCDATA /7 I111 TCAS II M POINTER FILE
20. 4 TEMP / ITIME ELAPSED FIME IN SIMULATION
21. c
22. c
23. INCLUDE RESTART,LIST
1.1 PARAMETER (NUAIR = 743)
2.1 C
j.r ¢ THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MOOEL.
5.I C
6.1 LOGICAL POISMO,PINTLIL,PTCSMT,PATHMOD,POISINSPFILES,PFRUIT,PSTATS
7.1 COMMON /PRTBL/ POISMDLPINTLILPTCSHT,PATMOD,POISINSPFILES,PFRUIT,
8.1 2 PSTATS
9.1 =
10.1 OTMENSION TJUFILECNUAIR,B8), IJFILE(NUAIR,8), ICASFI(BI,NUAIR,1)
11.1 COMMON /TCDATA/ I111(83), DENS(B3),
12.1 ? IATINCNUAIR), IATSUCNUAIR), IDABN(NUAIR), IDABS(NUAIR)
13.1 EQUIVALENCE (TJFILESIJFILE)
14.1 COMMON /CAS/ ICASFI, TJUFILE, NAC, II, PRINT
24o INCLUDE ATE,LIST
1.1 COMMON /ATE/ ORATE(83)
25, INCLUDE TEMP,LIST
1.1 COMMON JTEMP/ ITIME
26. INCLUDE SMOOTH,LIST
1.1 COMMON /5MO00TH/ NOW(83), AVPSPWIB3),TIS(83)
27. INCLUDE ILMSALIST
t.1 COMMON 7ILMS/ NWSL(83)s, AMSP(83), IRESET(83), ATSUMP(0D383),
2.1 2 IRETRN, TPOMW
28, INCLUOE TRAX,LIST
29 *
1.1 COMMON /TRAX/Z JTRANSC(NUAIR)
30. REAL INSTNT(0:15,83),RSUNP(83)
3. -
32. INOX = MODCITIME, 18) & POINTER TO CURRENT STORAGE TIME: 0 - 15
33. THSPW = DRATECII) « AMSP(II) @ TOTAL MODE S POWER IN CURRENT SECOND
34, *
35. IFCITIME .LE. 1S)THEN @ DON'T SMOOTH FOR 1ST 15 SECONDS
1 36. AVMSPU(II) = TMSPW
1 37. TISCII) = DRATE(II)
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chn TCSMOY LR
1 33. ELSE
1 39. AVIIME = ETIME - 15 8 AVERAGING VYIME
1 40. RSUMP(II) = RSUMP(II) ¢ TMSPW = INSTNYUINDX,II)
1 41. AVHSPW(II) = RSUMP(IIL)/AVTINE
1 42. TISCIT) = TISKII) ¢ ( ORAVE(CII) = TISCII) D/AVTINE
1 43. INSTNTCINOX,II) = THSPM
1 [ END IF
45. RETURN
46. END

END FTN 115 IBANK 1447 DBANK 72173 COMMON

aH0G,P aan TRANSP “an
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AFTN,S B.TRANSP,TRANSP

FTN 1181

WUHWRNW WA NN

TRANSP

L X 2]

02727/85-16:35(13,)

1.
2.
3.
‘.
5e
b
7.
8.
9.
10.
1.

VNP WUN -
® s & 3 v 8 8 3 83 @
I R N N

-
-
L]

NN o b
-0 0~
" e v 8 s

22,

~ N
Ll
s

25,
26.
27.
28.
29.
30.
31.
32,
33.
34,
35.
36,
37.

38.

39,
40.
4.
2.
63,
4.
45.
46.

OO

[aNaNaNal

[aNala)

an [aN o}

SUBROUTINE TRANSP

'

SET POWER AND SENSITIVITY CHARACTERISTICS DERIVED FROM ATC-9 FOR EACH

TYPE OF TRANSPONDER.

Appendix B

(22322222227

LA AL AL R Ll INPUTS /7 OUTPUTS
COMMON 8LOCKS / VARTABLES
' INPUTS OUTPUTS OESCRIPTION
CAS / TJFILE TYPE OF EACH AIRCRAFT
NAC NUMBER OF AIRCRAFT
SENS / JSENS SENSITIVITY LEVEL OF EACH A/C
TRAX / JTRANS TRANSMISSION POWER OF EACH A/C

INCLUOE RESTART,LIST
PARAMETER (NUAIR = 328)

THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE

STATEMENTS IN THE NODEL.

LOGICAL PRINT

OIMENSION TJFILE(NUAIR,8), IJFILE(NUAIR,8), ICASFI(83,NUAIR,1T)

COMMON /TCDATA/ 1111(83), DENS(83).,

TATINCNUAIR)» IATSUCNUAIR), IDABNCNUAIR), IOABS(NUAIR)

EQUIVALENCE (TJFILELIJFILE)

COMMON /CAS/ ICASFI, TJUFILE, NAC, 11, PRINT
COMMON/TRAX/JTRANS(NUAIR)
COMMON/SENS/JSENS(NUAIR)

OIMENSION XNORM(NUAIR)

DIMENSION YNORM(NUAIR)

OIMENSION XSENS(NUAIR)

DIMENSION YSENS(NUAIR)

TRANSMISSION POWER

XNORM(1) = 16 398 S35
YNORN(T) = 16 398 535
CALL RANONCXNORM/NUAIR,27.0, 1.5)

CALL RANON (VYNORM, NUAIR, 29.2, 0.95)

Dd 17 IQ = 1, NAC .
IF (IJFILE(IQ,4) .EQ. 0) THEN
CALL RANN(RAN)
RAN = RAN * 100.
IF (RAN .LE. 0.2) THEN
DIFF = 11,
ELSE IF (RAN .LE. 0.4) THEN
DIFF = 10.
ELSE IF (RAN .LE. 1.27) THEN
DIFF = 9,
ELSE IF (RAN .LE. 1.92) THEN
DIFF = 8§,
ELSE IF (RAN .LE. 3.00) THEN
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MODE S PONER~—NOMINAL

IS 277 STANDARD
OEVIATION IS 1.5,

TCAS POWER--NOMINAL 1S

29.2+ STANDARD
DEVIATION IS 0.S.

DETERMINE ATCRBS
TRANSMISSION POMER
USING PROBABILITY

OISTRIBUTION FROM ATC-9
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TRANSP

47.
48.
49.
50.
51«
52.
53.
Sh.
55.
56.
57.
584
59.
60.
61.
62.
63.
64,
65.
66.
67.
68,
69.
70.
T1.
72.
73.
T4,
75.
76.
7.
78.
79.
80.
81.
82.
83.
84,
85.
86.
87.
88.
89.
90.
9.
92.
93.
94.
9S.
96.
97.
98.
99.
100.
101.
102.
103.
104.
105.

[a X2 X2l

aa [N al

LE R ]

ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE

ELSE

DIFF = 7.

IF (RAN .LE.
DIFF = 4.

IF (RAN .LE.
DIFF = 5.

IF (RAN .LE.
OIFF = 4,

IF (RAN .LE,
DIFF = 3.

IF (RAN .LE,
DIFF = 2,

IF (RAN .LE.
DIFF = 1,

IF (RAN LLE.
DIFF = (.

IF (RAN .LE.
DIFF = =1.
IF (RAN LE.
OIFF = -2,
IF (RAN .LE.
DIFF = -3,
IF (RAN .LE.
DIFF = —4.
IF (RAN .LE.
DIFF = =5.
IF (RAN .LE.
DIFF = -6,
IF (RAN LLE.
DIFF = -7,

OIFF = -8.

END IF

JTRANSCIQ) = 500 000 * (0.7943 =+ OIFF)
1) THEN

ELSE IF C(IJFILECIQ,4) .EQ.
XCONVT = XNORM(1IQ)/10.

= (10.

JTRANS (IQ) = XNORM(I1Q)

S«60) THEN

9.50) THEN

15.60) THEN
25.40) THEN
36.90) THEN
49.00) THEN
60.50) THEN
74.40) THEN
81.80) THEN
90.70) THEN
95.70) THEN
98.30) THEN
99.38) THEN

99.78) THEN

«+ XCONVT) « 1 000.

YCONVT = YNORM(IQ) 7/ 10.

= (10. »» YCONVT) « 1 000.

JTRANSC1IQ) = YNORM(IQ)

XNORMCIQ)
ELSE

YNORMCIGQ)
ENO IF

17 CONTINUE

SENSITIVITY CALCULATIONS

XSENS(1) = 16 398 540
YSENS(1) = 16 398 540
NUAIR, 77.60, 1.5)

CALL RANDN (XSENS,

CALL RANON (YSENS, NUAIR, 77.50,

00 12

RAN = RAN

IT = 1, NAC
IF (IJFILE(Il,4) .EQ.
CALL RANN

(RAN)
« 100.

IF (RAN .LE. 0.2) THEN
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ODETERNINE MOOE S
TRANSHISSION POMER

OETERNINE TCAS II M
TRANSHISSION POMWER

MOOE S SENSITIVITY--
NOMINAL: 77.60

STANDARD OEVIATION: 1.5
TCAS IT M SENSITIVITV--
NOMINAL: 77.50 |

STAN. DEVIATION: 0.75

DETERMNINE ATCRSS
SENSITIVITY
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106.
107.
108.
109.
110.
111.
112.
113.
114,
115,
116,
117.
118.
119.
120.
121.
122,
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134,
135.
136.
137,
138.
139.
140.
141.
142.
143.
144,
145.
146.
147.
148.
149.
150.
151.
152.
153.
154,
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.

L XX ]

ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE
ELSE

ELSE

SENT = 48.
IF (RAN JLE.
SENT = 51.
IF (RAN JLE,
SENT = 52,
IF (RAN .LE.
SENT = 53,
IF (RAN .LE.
SENT = Sé4.
IF (RAN .LE.
SENT = 55.
IF (RAN .LE.
SENT = 56.
IF (RAN .LE.
SENT = 57.
IF (RAN .LE.
SENT = 58.
IF (RAN .LE.
SENT = 59.
IF (RAN .LE.
SENT = 60.
IF (RAN .LE.
SENT = 61,
IF (RAN .LE.
SENT = 62.
IF (RAN .LE,.
SENT = 63.
IF (RAN .LE.
SENT = 64,
IF (RAN .LE.
SENT = 65.
IF (RAN .LE.
SENT = 46.
IF (RAN .LE.
SENT = 47,
IF (RAN .LE.
SENT = 48.
IF (RAN .LE.
SENT = 49.
IF (RAN .LE.
SENT = 70.
IF (RAN .LE.
SENT = 71,
IF (RAN .LE,
SENT = 72,
IF (RAN .LE.
SENT = 73.
IF (RAN .LE.
SENT = T4,
IF (RAN .LE.
SENT = 75.
IF (RAN .LE.
SENT = 76.
IF (RAN .LE.
SENT = ?7.
IF (RAN .LE.
SENT = 78.
IF (RAN .LE.
SENT = 79.
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G.4) THEN

0.6) 1
1.0 1
1.43)
2.07)
2.28)
3.79)
4.00)
4.43)
5.29)
6.80)
8.52)
10.89)
14.12)
17.10)
19.94)
25.33)
31.80)
39.14)
44.10)
$1.22)
$7.26)
65.03)
69.78)
75.17)
81.00)
86.61)
90.06)
94.59)

HEN
HEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

THEN
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LA TRANSP LA
3 165. ELSE IF (RAM .LE. 95.88) THEN
3 166. o SENT = 80.
3 167. ELSE IF (RAN .LE. 98.03) THEN
3 168, SENT = B81. ' .
3 169. ELSE IF (RAN LE. 98.46) THEN
3 170. SENT = 82,
3 1. ELSE IF (RAN .LE. 98.89) THEN
3 172. SENT = 83.
3 173. ELSE IF (RAN .LE. 99.32) THEN
3 174, ' SENT = 84.
3 175. ELSE
3 176. SENT = 87.
3 177. END IF
2 178. SENT = SENT ¢ 3.
2 179. JSENS(IZ) = =SENT
2 180. ELSE IF (IJFILE(IZ,4) .EQ. 1) THEN @ DETERMINE MODE S
2 181. ISENS = =XSENS(IZ) 2 SENSITIVITY
2 182. IF (ISENS LT, =B0.)ISENS = ~80.
2 183, IF (ISENS .GT. =74.)ISENS = -74.
2 184. JSENS(IZ) = ISENS
2 185. ELSFE & DETERMINE TCAS
2 186. ISENS = ~YSENS(IZ) @ SENSITIVITY
2 187. IF C(ISENS .LT. =79.) ISENS = =79,
2 188. IF (1SENS .GT. =75.) ISENS = -75.
2 189. JSENS(IZ) = ISENS
2 190. END IF
1 191. 12 CONTINUE
192. RETURN
193. END

END FTN 547 IBANK 1508 DBANK 31985 COMMON
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axn TsQuirr LA

BFTN,S ALTHQUIT . TSWULT
FIN TIRT1IRIA D5/730/85-13:1¢6(41,)

1. SUBKOUTINE TSQUITC IPRGTS )
2. C
3. 4 THE PURPUOSE OF THIS SUBROUTINE IS TO COUNT THE NUMBER OF TCAS II-M
4. 4 DETECTED BY SQUIVTTERS ANO SET THE SQUITTER START TIME.
Se [
b C [ XXE XS TR ZANYNLNERERER SN SRR D 4 INPUTS /7 OUTPUTS ARBNBNBAANRNARAASAARASGR
7. C
8. 4 COMMON BLOCKS / VARIABLES
9. 4 INPUTS OUTPUTS OESCRIPTION
10. c
1. 4 ARG LIST / IPRGTS INDICATES WHETHER THE REC POW > SENSITI
12. [4 (433 /1 IX TCAS II M IDENTITY
13. [4 SINT /7« VICTIM AIRCRAFT IDENTITY
14, [4 SMOQTH / NOM NUMBER OF TCAS II M DETECTED
15. c TCAA / NUMTCA NUMBER OF TCAS II M AIRCRAFT
16. [4 TCOATA 7 It TCAS II M POINTER FILE
17. 4 TEWP / ITIME ELAPSED TIME IN SIMULATION
18. c TPREPL / PREP PROBABILITY OF REPLY FOR EACH AIRCRAFT
19. 4 TRAN / ITLAST ITLAST TCAS II M SQUITTER START TIME
20. C TRAN / 1ACTOT CONVERTS A/C 1D YO TCAS ID (1II)
21 c
224 INCLUDE RESTART,LIST
1.1 PARAMETER (NUAIR = 743)
2.1 C
3.1 C THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS. ALL WRITE
4.1 C STATEMENTS IN THE MOOEL.
5.1 €
6.1 LOGICAL POISMD,PINTLI,PTCSMT,PATMOO,PDISINSPFILES,PFRUIT, PSTATS
7.1 COMMON /PRTSL/ POISMO,PINTLI,PTCSMT,PATMOO,POISINSPFILES,PFRULIT,
8.1 2 PSTATS
9.1
10.1 DIMENSION TJUFILE(NUAIR,3)s TJFILE(NUAIR,8), ICASFI(B83,NUAIR,T)
11.1 COMMON /TCOATA/ I1%1(83), OENS(83).
12.1 ? TATINCNUAIR)Y, IATSUCNUAIR), IDABN(NUAIR), IDABS(NUAIR)
13.1 EQUIVALENCE (TJFILE,IJFILE)
14,1 COMMON /CAS/ ICASFI, TJUFILE, NAC, II, PRINT
23, INCLUUE TCAA,LIST
1.1 COMMON /TCAA/ NUMTCA
24e INCLUDE TEMP,LIST
1.1 COMMON /TEMP/ ITIME
25. INCLUDE TRAN,LIST
1.1 COMMON /TRAN/ LITLAST(83,33),IACTOVI(NUALR)
26, INCLUOE SMOOTH,LIST -
1.1 COMMON /SMOOTH/ NOW(H3), AVMSPW(B3),TIS(B3)
27. INCLUDE SINT,LIST
1.1 COMMON /SINT/ LPLUS, K., ITOB(100)
284 INCLUOE TPREPLALIST
1.1 COMMON /TPREPL/ PREP(NUAIR)
29. OEFINE FLODCI,JsK) = BITS(K,I#1,3)
30. [
3. 4 COMPUTE NUMBER OF TCAS I1 M OETECTVED B8Y SQUITTER
j2. [4
53 L]
34. " K IS THE IO OF THE N°TH TCAS A/C. IV IS NECESSARY TO FIND THE VALUE
35. ] OF N, WHICH IS USEC AS AN INOEX OF THE VCST AND ITLAST ARRAYS.
L EW .

57. IOTCAS = IACTOT(K)
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LEL TSQUIT LA
34a .
19. IFC IDTCAS .GT. NUMTCA) WRITEC6,16)CITC,L,IN111CITC),
4N. 2 IACTOTCINI1CITC) )L ITL =1, NUNTCA)
4. 14 FORMAT(®* TSQUITSII IT11 IACTOT®,S5CI6,°~*,13,°-,13) )
f2. «
43. ITLSQ = FLDOC1,10,ITLAST(II,IOTCAS) ) !
bbha IFC ITLSQ .EQ., 0) ITLSQ = NINTC RANDOM() + 9.) ¢+ 1
5. .
wbo IOELT = ITIME - ITLSQ
o7 INTRK = FLDCO,1,ITLASTC(II,IOTCAS) ) @ IS THE K® A/C IN SQUITTER FILE
48. L
49, %« AT TIME 2 1 SEC, LOAD ALL YCAS A/C THAT CAN BE DETECTED 8Y THEIR SQUITTER
50. * ANO HAVE A SUFFICIENTLY HIGH PROP OF ODETECTING THE SQUITTER
1. *
52. IFC ITIME .EQ. 1) THEN @ AT TIME=1, LOAD SQUITTER FILE
1 53. CALL RANNCRAN)
1 54, IFC IPRGTS .EQ. 1 JAND. PREP(K) .GT. RAN)ITHEN @ SQUITTER RECEIVED
2 55. TFCINTRK .EQ. 0) NOWLII) = NOW(II) ¢ 1 @ NEW AJC IN SQIT FILE
2 S56. FLOCO,1,ITLASTCII,IOTCAS) ) = 1 @ ADD K°TH A/C TO SQ F
2 57. END IF
2 58. L
2 59. « AT TIMES » I SEC, CHECK YO SEE IF A TCAS A/C SHOULD BE AODED OR DELETED FROM
2 60. s THE SQUITTER FILE
2 o1. «
1 62. ELSE IF( IDELY .GV. 20 .AND. INTRK .EQ. 1)THEN & > 20 SEC SINCE LAST RX §
1 63. NOWCII) = NOWCII) - 1 @ 1 LESS A/C IN SQUITTER FILE
1 04, FLDCO,1+ITLASTC(ITILIDTCAS) ) = O @ DELETE K*'TH A/C FROM SQUIT FILE
1 654 ELSE IF( MOOCIDELT,10) .EQ. O)THEN @ K°TH TCAS TX TIME
1 6be CALL RANNCRAN)
1 67. IFC IPRGTS .EQ. 1 L AND. PREP(K) .GT. RANITHEN @ SQUITTER RECELVED
2 68. IFCINTRK .EQe 0) NOWCII) = NOWCII) ¢ 1 @ NEW A/C IN SQIT FILE
2 69. FLOCO,1,ITLASTCII,IDTCAS) ) = 1 @ ADD K°TH AJC TO S5Q F
2 70. FLDC1,10,ITLASTCIILIDVCAS) ) = ITINE @ LASTEST 5Q RX TINE
2 7t. END IF
1 72. END IF
1 73 ~
1 The C WRITEC6,16) IPRGTS,IT,IOTCASAITLSQsIDELT,LSQUIT,NOWC(I])
1 75« .
?6. RETURN
7. END

END FTN 222 IBANK 98 OBANK 79490 COMMON

SHDG,P waw

TSTART LA L)
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(X R} TSTART L XX

WFTNsS ALTSTART,ALTSTART
FIN TIRT1IRT1A 09/750785-13:16(23,)

1. SUBROUTINE TSTART
2a C
5. C THIS SURROUTINE COQUNTS THE NUMBER OF TCAS II M AIRCRAFT, SETS UP A
4. 4 POINTER FILE TO THEIR LOCATION IN THE GENERAL AIRCRAFT CHARACTERISTICS
Se c FILE, AND SETS THE SQUITTER PHASE FOR EACH TCAS II M AIRCRAFT,
6. C
7. C anbakbhhabnbdn INPUTS /7 OQUTPUTS AANRRAARRARAGASA RGNS
8. 4
9. 4 COMMON BLOCKS / VARIABLES
10. 4 INPUTS QUTPUTS DESCRIPTION
1. C
12. c CAS / TJFILE TYPE OF EACH AIRCRAFY
13. 4 NAC NUMBER OF AIRCRAFT
14. [+ TCAA / NUMTCA NUMBER OF TCAS II M AIRCRAFT
15. [ TCOATA / 1111 TCAS II M PDINTER FILE
16, C TRAN 1 TCST SQUITTER PHASE START TIME
17. C
18, [4
19. INCLUDE RESTART,LIST
1.1 PARARETER (NUAIR = 743)
2.1 C
3.1 ¢ THE LOGTCAL VARIABLE PRINT, WHEN FALSE, MILL SUPPRESS ALL WRITE
4.1 C STATEMENTS IN THE MODEL.
5.1 C
6.1 LOGICAL POISMD,PINTLI,PTCSMT,PATMOD,PDISINSPFILES,PFRUIT,PSTATS
7.1 COMMON /PRTBL/ POISMD,PINTLI,PTCSMT,PATMOD,PDISINSPFILES,PFRUIT,
8.1 2 PSTATS
9.1 =«
10.1 OIMENSION TJUFILE(NUAIR,8), IJFILE(NUAIR,8), ICASFIC(83,NUAIR,1)
1.1 COMMON /TCDATAZ I111(83), DENS(83),
12.1 ? IATINCNUAIR)» IATSUCNUAIR), IDABN(NUAIR), IDABS(NUAIR)
13.1 EQUIVALENCE (TJFILESIJFILE)
14,1 COMMON /CAS/ ICASFI,» VJFILE, NAC, II, PRINT
20, INCLUUDE TCAALLIST
1.1 COMMON /TCAAZ NUMTCA
21, INCLUDE TRAN,LIST
1.1 COMMON /TRAN/ ITLAST(83,.83),IACTOT(NUAIR)
22. DEFINE FLD(I,JrK) = BITS(K,I%1,J) )
23, DO 300 I = 1, NAC @ COMPUTE NUMBER OF TCAS IInm
1 24, IF (IJFILE(LI,4).NE.3) GO TD 300
1 25. NUMTCA = NUMTCA ¢ 1 @ COUNT TCAS IIN a/C
1 26, I111(NUNTCA) = I @ SEV UP POINTER VO LOCATION OF
1 27, IACTOT(I) = NUMTICA . @ TCAS IINM IN A/C CHAR, FILE
1 28, C
1 29. 300 CONTINUE
30. RETURN
3. END

END FTN 57 IBANK 25 DBANK 78395 COMNON

SHOG,P waw WSPOWE Ty
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Appendix B

LE 2

@FTN,S B.WSPOWE,WSPOWE
02727785-16:36(23,)

FTN 11R1

- b b b - eed b = b b - b b b -

-l ab abt = ob

2.
3.
b,
5
b.
7.
8.
9.
10.
1.
12.
13.
14.
1s5.
16.
17.
18.
19.
20.
21.
22.
23.
24,
zs.
26.
27.
28.
29.
30.
3t.
32.
33.
34.
35.
36.
37.
Js.
39.
40.
4.
42,
43.
4é,
45.
&6,
&7,
48.
49.
50.
51.
52.
53.
S4.
55a
S6.
57.

[a R o Ra R NN o R NN o e N o N Na N o N oV aNa N a)

[aNaXal

3002

3003

3004

3005

SUBROUTINE WSPOWE

THE PURPQOSE OF THIS SUBROUTINE IS TO LOAD INTD ARRAYS THE POWER
ASSOCIATED FOR EACH LEVEL OF WHISPER SHOUT FOR THE TOP AND
BOTTOM ANTENNA,

ARROENARNCRNR S INPUTS /7 GQUTPUTS (211212 YY)

COMMON BLOCKS / VARIABLES

INPUT ouTPUT OESCRIPTION
WSHOUT I IPOu8 W=S LEVELS FOR TOP OACK ANTENNA
IPONBO W=S LEVELS FOR BOTTOM ANTENNA
IPOUF W=S LEVELS FOR TOP FRONT ANTENNA
IPONS W=S LEVELS FOR SIDE ANTENNAS

EACH WHISPER SHOUT STEP CHECKED FOR TOTAL RADIATED POWER
OF TCAS IIM-ATCR8S EMMISSIONS.

COMMON/WSHOUT/IPRF(24),IPRS(4D)»IPRBC15),IPRBOT (L), IPONF(24),

TIPOWS(41),IPONB(15),IPDWBO(4)

LOAD PDWER FOR EACH WHISPER SHOUT LEVEL.

IDROP = 0
IPEAK = 49
DO 3002 K = 1, 24
IPOWF(K) = IPEAK ~ IOROP#1
IOROP = IDROP ¢ 1
FACT = (IPOWF(K) - 30.)710.
POMFR = PDWFR ¢ (10.**FACY)
CONTINUE
IDROP = (
IPEAK = 45
00 3003 K = 1, 40, 2
IPOWS(K) = IPEAK ~ IDROP#1
IPOWS(K*1) = IPOWS(K)
IORDOP = IDROP + 1
FACT = (IPOMS(K) - 30.)710.
PONSO = POWSO + (10.++FACT)
CONTINUE .
IDROP = 0
IPEAK = 40
00 3004 K = 1, 15
TPOWB(K) = IPEAK ~ IOROP»1.
IDROP = IOROP + 1
FACT = (IPOWB(K) - 30.)/10.
POWBK = POWBK ¢ (10.+«FACT)
CONTINUE
IOROP = O
IPEAK = 36
DO 3005 KX = 1, &
IPOWBD(K) = IPEAK —~ IDROPw2,
IDROP = IDROP ¢ 1
FACT = (IPOWBO(K) - 30.)/10.
POWBOT = POWADT + (10.+«FACT)
CONT INUE

TCAS IIN TOP-FRONT ANTENNA
(24 LEVELS)

POWER LEVELS RANGE FRONM
49 D8N TO 26 DBM

TCAS IIM LEFT & RIGHT SIODE
20 LEVELS PER SIDE

POMER LEVELS RANGE FROM
45 TOo 26 08N

TCAS IIM BACK (15 LEVELS)
POWER LEVELS RANGE FROM
40 T0 26 O%M

TCAS IIM 80TTOM €4 LEVELS)
POWER LEVELS RANGE FROM
36 To 30 DEMN
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L XX ] HSPDUE [ X 2]

1 s8. ¢ _

1 59. ¢ CALCULATE TOTAL ATCRBS INTERROGATION CONTRIBUTION FOR TOP & BOTTOM

1 60. ¢ ANTENNAS.

1 61. ¢ ' .
62. PTQT = POWFR + POWSO ¢ PDWBK + POWBOT
63. RETURN
s4. END

ENO FTN 176 IBANK 45 DBANK 167 COMMON

B-61/B-62
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APPENDIX C

SAMPLE EXECUTION

The control cards that execute the TCAS SEM follow. Each record begins

in column 1 and is spaced as shown.

@RUN, /RTP (JRID), (CHARGE#), (USER),30,1000
@ASG,AX FAA*TCAS/U.

QASG,A FAA*INRATE/U.

QUSE 8.,FAA* INRATE/1.

@ASG,A FAA*OUTRTS/U.

@USE 10.,FAA*QUTRTS/U.

@ASG,A FAA*BASIN1/U.

@XQT FAA*TCAS/U.RUN.

@ADD FAA*BASIN1/U.

QFIN

Qa

The files named in the above records are defined in TABLE C-1. The output
file to be used in the DABS/ATCRBS/AIMS PPM contains the information shown in

TABLE C-2.
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Appendix C

TABLE C-1
FILES USED IN THE TCAS SEM

File Name Description

INRATE Input file of Interrogation and Suppression
Rates at each aircraft due to ground ATC from
DABS/ATCRBS/AIMS PPM

OUTRTS TCAS Signal Rates to be used in the
DABS/ATCRBS/AIMS PPM

BASIN1 Deployment Information: latitude,
longitude, altitude, type, and
velocity of each aircraft

TABLE C-2
KEY TO COLUMNS OF TCAS SEM OUTPUT
Column Description

Aircraft Identity

Mode S Misaddresses

Mode S Suppressions

Modes S Interrogations

ATCRBS Suppressions

ATCRBS Interrogations

TCAS II M Deadtime

TCAS I Interrogations

Index ID of aircraft in the deployment file

Number of Mode S misaddressed interrogations received
above sensitivity

Number of ATCRBS suppressions received above
sensitivity at Mode S transponder-equipped aircraft

Number of ATCRBS interrogations received above
sensitivity at Mode S transponder-equipped aircraft

Number of ATCRBS interrogations received above
sensitivity at ATCRBS transponder-equipped aircraft

Number of ATCRBS interrogations received above
sensitivity at ATCRBS transponder-equipped aircraft

Mutual-suppression time (in us) of each TCAS II M
receiver

Number of TCAS I interrogations received above
sensitivity at ATCRBS and Mode S-equipped aircraft
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