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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 

1 '2 planned Mode S system. 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 
. . . 3,4 

Bas~n a1r traff1c deployment and in subsets of that deployment. For those 

air traffic deployments, it was predicted that TCAS activity would not degrade 

ATCRBS or Mode S ATC system performance; however, interference-limiting 

constraints resulted in undesired reductions in the protection volume of TeAS

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. 

1-1 
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ATCRBS-equipped ai~c~aft), and associated revisions to the interference 

limiting algorithm. 5 The design was chosen to recluce the ext.:mt of 

~nterference .limitinCJ and thus allow •rCAS-equippf~d airc~aft to successfully 

perfor:m 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/D0-185, 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. 

1-2 
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DABS/ ATCRBS/ AIMS a PF:!rforrnance Prerl ir:lion Monel (PPM) 7 to merge the TCAS signal 

environment with signals due to grounrl-hilserl 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 suhsystems 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 was 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 

'.rhe TCAS SEM was developed to pe 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 

aThe 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. 

1-3 
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with ground-based ATC and surveillance operations. The DABS/ATCRBS/AIMS PPM 

then predicts the performance of a user-selected interroqator-of-interest (I
0

) 

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 hiqhly 

directional scanning antennas; consequently, there are periods when an 

aircraft is not within the mainbeam of a single interrogator, and periods when 

the Sillne 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 larqe 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 simplify 

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 per 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 ModeS 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 Warninq Indication, 
AIAA/IEEE 6th Digital Avionics System Conference, December 1984, pp. 593-596. 

1-4 
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1 .3.2 Simulation Ex~cution 

The execu lion sequence f0r lhA tw0 mooe ls is illustrated in Figure 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 nmi. 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 

II M to elicit a decodable reply therefore increases with increases in t:he 

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 timea 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 A'l'C transponder systems are discussed in 

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

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

1-5 
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.tnd d•' La i l<•d rl0.sc r i pt ions i. n I' roq r .1111 I>I!S i qn Lanqua<w ( PDL) of ~itch suhrou tine 

i.n lht> modf!l. The PDL n~pL~c"~l u.,, flow-chart methorl of ctocumenli.nq software 

and yi ves a mor~ detailed and accura IJ~ 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 POL 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 

1n 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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2.1 INTRODUCTION 

s,.;c·rroN 2 

MODELED SYS'rEMS 

Section 2 

This section contains a brief oescription 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 'I'CAS OPERATIONS AND TECHNICAL CHARACTERIS'riCS 

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 ModeS Surveillance Process. Initially, each ModeS 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 squi tter processing if a second S<IUi tter 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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'rABI.E 2-1 

'L'C/\~~ U M CII/\H/\C'I'I•:I{ £ S'f' I CS 

Charcteristic Mode s ATCRBS 

Mean Standard Deviation Mean Standard Deviation 

Radiated 
a 

54 Peak Power dBrn o.s 49 dPm 0.5 

Sensitivitya -77 dlln 0.75 -74 dlln 0.75 

Antenna Type 9 
Omnidirectional Directiona 1 (1300)b 

aTransmitter power and sensitivities were assigned using a normal 
distribution. 

bAt 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 consistinq 

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 be greater than 

43 seconds; otherwise, the intr~der 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). 
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'1'/\HI.I': 2-2 

MAXIMUM NlJMHl·:R (Jlo' 1•'/\ li.Eil J N'I'I•:HIHX;/\'PlONS 1\I,LOWgD DlJRING 
EACH SCAN 01" Till·: 1\CVtJT:>ITION 'I'RIAf.S 

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 

Section 2 

seconds. Upon the return of intruder aircraft to squitter state, a running 

sum, initialized at 0, is maintained. The sum is decremented by one for eiich 

succeeding scan that a squi tter is not received and is incremented by an 

amount as shown in TABLE 2-3 for each scan that a squitter is received. The 

1ntruder 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 

Increment 20 16 

2 

8 

3 

4 

4 (or more) 

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 il~{~->i.qnP.d to th1~ r0ll-call state (i.e., the TE is less 

thdn 43 seconds), rr;As II M i.ntf!rroqates the intruder each second to upciate 

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 squi tter state. 

TABLE 2-4 

MAXIMUM INTERROGATIONS ALLOWED DURING EACH ROLL-CALL SCAN 
TO ELICI'f 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 1-dB increments. A total of 83 whisper-shout inte>:rogations are 

transmitted each second unless interference limiting adjustments are 

required. Interrogations are eliminated from the sequence in the order shown 
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TOP 
ANTENNA 

S .. I 

s.I 
S .• I 

S.I FORWARD 
DIRECTION S .• I 

S.I 
S .• I 

S.I 
S .. I 

S.I 
S .. I 
S.I 

S .. I 

S.I 
S •• I 

S.I 
S •• I 
S.I 

S •. I 
S.I 

S •• I 

S.I 
S •• I 

... I 

TOP S •• I 
ANTENNA S.I 

S •. I 

LEFT & RIGHT S.I 
DIRECTIONS S .. I 

s.I 
S .• I 

S.I 
S .• I 

S.I 
S .• I 
S.I 

S .. I 

S.I 
S •• I 
S.I 

S .• I 
S.I 

S •• I 

... I 
I 

24 
I I I 

34 44 54 
RADIATED POWER {dBm) 

Section 2 

TOTAL RADIATED INTERFERENCE 
INTERROGATION POWER LIMITING 

(dBm) PRIORITY 

49 1 
48 5 
47 9 
46 1 3 
45 17 
44 21 
43 25 
42 29 
41 33 
40 37 
39 41 
38 45 
37 4<) 
36 53 
35 57 
34 61 
33 64 
32 67 
31 70 
30 73 
29 76 
28 77 
27 78 
26 79 

45 2,3 
44 6,7 
43 1 0, 11 
42 14, 1 5 
41 18, 19 
40 22,23 
39 26,27 
38 30,31 
37 34,35 
36 38,39 
35 42,43 
34 46,47 
33 50,51 
32 ,54,55 
31 58,59 
30 62,63 
29 65,66 
28 68,69 
27 71 , 72 
26 74,75 

Figure 2-1. Whisper-shout interrogation sequence. (Page 1 of 2). 
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S.I 
S •. I 

S. I 

s .. 1 

S.I 
S .. I 

S.I 
S .. I 

S.I 
S .• I 

S.I 
S •• I 

S.I 
S •. I 

.. I 

S •• I 

S .. I 
S .• I 

...... I 

I 
24 

I 
34 

TOP 
ANTENNA 

AFT 
DIRECTION 

BOTTOM OMNI 
ANTENNA 

I I 
44 54 

RADIATED POWER (dBm) 

Section 2 

TO'I'AI. RADIATED IN'I'ERFEREN· 'F 
IN'l'ERROGA'riON POWER LIMITINC 

( rl Brn) PRIORITY 

40 4 
39 8 
38 1 2 
37 16 
36 20 
35 24 
34 28 
33 32 
32 36 
31 40 
30 44 
29 48 
28 52 
27 56 
26 60 

36 80 
34 81 
32 82 
30 83 

Notes: "I" indicates total radiated power of P 
1

, P 
3

, and P 
4 

interrogation 
pulses. 

"S" indicates total radiated power of p 1 and P 
2 

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. (P<.HJP. 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. Th~ function of the 

transmission from the bottom antenna is to minimize false targets that are 

generated 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 Mas well as ground air traffic cor.trol and (2) to 

maintain surveillance of nearby transponder-equipped aircraft. To support the 

surveillance function, TCAS I interrogates once per second using an ATCRBS 

Mode C format. 10 The interrogation is transmitted on an omnidirectional 

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 interrogation rate andjor power 

to minimize interference effects by conforming to a set of three specific 

inequalities. This ensures that all interference effects resulting from these 

10Traffic Alert and Collision Avoidance System (TCAS I) Design Guidelines, 
FAA-RD-82-12, FAA, Washington, DC, April 1982. 
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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( i) 280 
s p---- (2-1) 

i=1 250 watts + NTA 

I 
S M(i) F 0.01 second 

i=1 
(2-2) 

K 

s 
PA(k) 80 

F---- ( 2-3) 
k=1 250 watts + 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, ••• , 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 numb~r of the ATCRBS interrogation; 
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k = 1, 2, ••• , 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 ModeS 

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. In 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. 
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2. 3 ATC TRANSPONIH-:R CHARAC'J'ERISTI CS 

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. 11 

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 dan, with an average power of 57 

dBm. 

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 ModeS transponder

equipped aircraft that are TCAS II M-equipped is constructed using a mean 

value of -77 dan 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 ModeS aircraft that are not TCAS II M-equipped, and 0.5 dB for 

aPatterns were supplied to ECAC by the FAA. 

11 aolby, 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 1'CI\S rr M-•~qui ppeo. 

Transponders are subjected to a variety of siqnal formats from ATCRAS 

interrogators, Mode S interrogators, and TCAS interroqators. The reaction of 

a transponder receiver/processor and transmitter to each type of siqnal 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. 

TABLE 2-5 

TRANSPONDER INTERROGATION PROCESSING AND DEAD TIMES 

Transmission Type 

ATCRBS Interrogation 

ATCRBS-Only Interrogationa 

ATCRBS-Suppression 

Mode S Interrogation 
(All-Call and Roll-Call) 

ATCRBS Interrogation 

ATCRBS-Only Interrogation 

ATCRBS Suppression 

Mode S Interrogation 

Mode S Interrogation 
(not at transponder address) 

Mode S All-Call Interrogation 

Transponder Type 

ATCRRS 

ATCRBS 

ATCRBS 

ATCRBS 

Mode S 

Mode S 

Mode s 

Mode s 

Mode S 

Mode S 

Receiver 
Dead Time () s) 

60 

60 

35 

35 

60 

24 

35 

192 (short 
reply) 

248 (long 
reply) 

20 (short 
interrogation) 

32 (long 
interrogation) 

128 

Transmitter 
Action 

Reply 

Reply 

Suppression 

Suppression 

Reply 

suppression 

Suppression 

Reply 

Reply 

Suppression 

Suppression 

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. 
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3.1 INTRODUCTION 

SECTION 3 

MODEL DESCRIPTION 

Section 3 

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 POLs (program design language) to be 

used in conjunction with the actual code of the TCAS SEM (APPENDIX B). The 

POLs provide a detailed description of the variables and the logic of each 

subroutine. 

3. 2 OPERATIONAL DESCRIP'riON 

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 SEMis machine-dependent 

because of its use of system subroutines and system functions. 

3.2.1 Input/Output Files 

The DABS/II.'rCRBS/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 
Set initial conditions 

Compute total power sent over 
N whisper-shout levels 

Load ATCRBS whisper-shout arrays 

Load aircraft deployment file 

Time-independent algorithms: 

Assign transponder characteristics 

Load TCAS II M file; set squitter 
phase 

Load TCAS II M file 

Estimate TCAS II M interference 
limiting state 

Compute TCAS I effects 

Time-dependent algorithms: 

Move aircraft; update track file 

Load antenna coupling array 

Estimate fruit at each TCAS II M 

Schedule Mode S discrete 
interrogations 

Compute smoothed parameters 

Compute effects of TCAS Mode S 
emissions 

Compute effects of TCAS ATCRBS 
whisper-shout emissions 

Make interference limiting 
adjustments 

Compute and display variables 
of interest 

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

CIRCAS 

Figure 3-1. Tree diagram of the TCAS SEM. 
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'1'1\1\I,E 1-1 

r,ORM/\T m' INPIJT r'U,F: 'J'f) '['CAS SEM I•'OHMJo:IJ IIY 1>/\BS/ATCRBS/AIMS PPM 

Beginning 
Column Length Format Quantity 

11 10 I10 Interrogation Rate due to 
ground ATC (per second) 

21 10 IlO Suppression Rate due to 
ground ATC (per second) 

TI\BLE 3-2 

FORMAT OF DEPLOYMENT FILE 

Beginning 
Column Length Format Quantity 

1 2 I2 Latitude (Degrees) 

3 2 I2 I..ati tude (~1inutes) 

5 2 I2 Latitude (Seconds) 

7 1 i\1 Hemisphere (N-S) 

8 3 I3 Longitude (Degrees) 

11 2 I2 Longitude (Minutes) 

1 3 2 I2 Longitude (Seconds) 

1 5 1 A1 Hemisphere (E-W) 

19 8 F8.0 Altitude (feet msl) 

36 4 A4 Type 

41 6 F6.4 Westward Velocity (nmijs) 

48 6 F6.4 Northward Velocity (nmi/s) 

55 8 F8.4 Upward Velocity (ft/s) 
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'1'/\BI.I·: 3-1 

I~ORMA'r Ul'' Oll'l'l'lJ'I' 1•'11.1·: < :J·:NI-:R/\'I.'f•D BY 'l'C/\S S I·M 'In 1\1•: l J:.; 1·:1> /\S 

INPlJ'l' 'l'O 1>/\AS/ A'.fCHRS/ AIM~; I' I'M 

Beginning 
Column Length Format ~anti ty 

11 15 I15 Mode S Misa<tdresses 

due to TCAS II M 

26 15 I15 Mode S Suppressions 

due to TCAS II M 

41 15 I15 Mode s Interrogations 

due to TCAS II M 

56 15 !15 ATCRBS Interrogations 

due to TCAS IIM 

71 15 I15 ATCRBS Suppressions 

due to TCAS II M 

86 10 F10.5 Mode S Addresses 

due to TCAS II M 

98 10 F10.3 TCAS II M dead time 

110 10 F1 0. 3 TCAS I Interrogations 

to aircraft 

3-4 

Section 3 



DOT/FAA/PM-85/22 Section 3 

3.2.2 Internal Data Structure 

In order to connect each segment of the 'ff.:As SEM, common blocks of data 

were designated to share information. The data clictionary in APPENDIX A 

describes each common variable and its units. 

3.3 MODEL SUBROUTINE DESCRIPTIONS 

The subroutines of the model are described in POL form in this section, 

in the order in which they appear on the tree diagram of Figure 3-1. The POLs 

are divided into Purpose, Inputs, Procedure, Outputs, Variables of Interest, 

and Process. This method of documentation provides a detailed description of 

each subroutine in a form that can be easily upclatecl as modifications are made 

to the model. 
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3.3.1 Model Driver: ClRC'J\.'i 

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 'OABS/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 

Number of TCAS II M-equipped aircraft 

Clock 

TCAS II M-equipped aircraft of interest 

TCAS II M transmission indicator 

Print indicator 

TCAS I analysis indicator 

3-6 

Variable Name 

NUMTCA 

I TIME 

II 

LPLUS1 

PRINT 
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PI<OCJ•:SS: 

1. Read in user's option~: (print option ami TC/\.S T analysis option). 

2. CALL !NIT: Set initial conditions of all common block variables. 

3. CALL ASPINT: Initialize array containing total whisper-shout power 

radiated. 

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

aircraft. 

5. 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. 

6. CALL TRANSP: Assign power and sensitivity for each transponder. 

7. 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. 

8. 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 

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

aircraft. 

9. CALL PRESET: Approximate interference-limiting effects on each 

TCAS II M-equipped aircraft. 

10. IF TCAS I analysis desired, THEN 

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

surveillance. 

11. EHDIF 

12. 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. 

1. 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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2. IF t i In(' ~~q lid l s 1 , }.(), 40, 60, fl(l, 1 00, or 120 Sf'COIIOS, mRN 

a. C/\1,1. I•'HlH'l'/\: Compute th•• rt>ply <'fficiency of eilch 

aircraft to the TC/\S II M-equipped aircraft and the 

associated fruit rate to that efficiency. 

3. END IF 

4. CALL DISMOD: Schedule Mode S discrete interrogations. 

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

emission powers and interrogation rates over the last 16-

second interval. 

6. IF TCAS II M transmitted Mode S interrogations THEN 

7. 

a. 

9. 

10. 

a. CALL DISINT: Compute Mode s effects from TCAS II 

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. 

11. END IF 

12. CALL STATS: Compute average rates from all TCAS II M

equipped aircraft to all other aircraft. 

M 

C. END LOOP 

13. END LOOP 

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

15. End. 

Called by: None. 

Subroutines called: !NIT, ASPINT, WSPOWE, INPUT, TRANSP, TS~ART, LOAD, 

PRESET, TCAS1 (optional), ANTGAN, FRUITA, DISMOD, TCSMOT, DISINT, ATMOD, 

INTLI, STATS, 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: Initial values for all common variables. 

Called by: CIRCAS 

Subroutines called: None. 
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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, anrl 

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 

Total power radiated with N levels 

PROCESS: 

1. Define 1 dB and 2 dB. 

variable Name 

ATSUMP 

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. HHD LOOP 

6. Return. 

Called by: CIRCAS 

Subroutines called: None. 
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3. 3. 4 SubrmJ t. i ne: WSPOWF. 

PURPOSE: To load the H3 levels of 1\T<~HBS whisper-shout interroqd t inn J'owPr 

for the TCAS II M antennas and store them in arrays that correspond to the 

location of the antennas. 

~NPUTS: 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. 

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

antenna. 

VARIABLES OF INTEREST 

Description 

Whisper-shout levels of: 

Top-front antenna 

Top-side antennas 

Top-back antenna 

Bottom antenna 

PROCESS: 

Variable Name 

IPOWF 

IPOWS 

IPOWB 

IPOWBO 

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 

per level (starting at 49 dBm and decreasing to 26 dBm). 
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B. CalculatA the total rarHated power of the top-front antenna. 

3. END LOOP 

4. Initialize thA peak power for the top-side antennas to 45 dBm. 

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

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. 

6. END LOOP 

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

8. LOOP over the 15 levels of the back antenna. 

A. Calculate these levels by decreasing the peak power by 1 dB per 

level (from 40 to 26 dBm). 

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

9. END LOOP 

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

11. LOOP over the 4 levels of the bottom antenna. 

A. Calculate these levels by decreasinq the peak power by 2 dB per 

level (from 36 to 30 dBm). 

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

12. END LOOP 

13. Calculate the total combined radiated power of all the antennas. 

14. Return. 

Called by: CIRCAS 

Subroutines called: None. 
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I. ·1. ') !)uhrou tine: INPUT 

PURPOSE: Load the aircraft deployment i-lrrdy and ·the interr,agation 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, ModeS, and TCAS II M). 

OUTPUTS: Interrogation and suppression rates, the total number of aircraft, 

the number of each type of aircraft (ATCRBS, MODES, and TCAS II M), and 

the aircraft deployment file which contains, for each aircraft, the 

latitude (radians) , 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 

Description 

Number of aircraft NAC 

Number of ATCRBS-equipped aircraft 

Number of Mode S-equipped aircraft 

Number of TCAS II M-equipped aircraft 

IATCR 

IDAB 

ITCA 

Interrogation rates IAD,JIN 

Suppression rates IAD,JSU 

Aircraft deployment T,JFILF. 

Percentage of deployment RATIO 

PROCESS: 

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). 

c. CALL RANN: Get a random numher. 

D. IF random number greater than or equal to RATIO, "ftfEH 

1. Eliminate this aircraft from deployment. 

E. ELSE 

1. CALL FASCFD: Convert aircraft type from ASCII tr) fielr1ata. 

2. CALL CNVRT: Convert aircraft type from fielr1ata to integer 

representation (0 indicates an ATCRBS transponder, 

indicates ModeS, and 3 indicates TCAS II M). 

3. Convert latitude and longitude data from degrees, minutes, 

and seconds to radians. 

4. Determine whether the latitudes are north or south, and 

whether the longitudes are east or west. 

5. Load the position, type, and velocity in the aircraft 

characteristics file. 

6. Count the number of each type of aircraft. 

7. Store the interrogation and suppression rates. 
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I•'. »>D l I"' 

J. mo I..OOP 

4. Return. 

Called by: CIRCAS 

Subroutines called: CNVRT, RANN 

System routines used: FASCFD 

Section 3 
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3.3.6 Subroutine: CNVRT 

PURPOSE: To determine the type of edch aircraft <md convert it from 

fieldata to integer form. 

INPUTS: Aircraft type (in f.iel<iata form). 

Section 3 

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 

Aircraft type 

PROCESS: 

variable Name 

I TYPE 

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: !TYPE 0 (ATCRBS-equipped aircraft) 

2. miD CASE 

3. Return. 

Called by: INPUT 

Subroutines called: None 
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3.1.7 Subroutine: RANN 

PURPOSE: To generate a random number betwe«>n 7.(~ro •lllri 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 holdinq 

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 Variable 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 ru~. 

2. END IF 

3. Multiply seed by a large inteqer value. 

4. Produce random number by dividing the absolute value of the seed by 

235, (approximately) 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 

3-17 



DOT/FAA/PM-85/22 Section 3 

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. The 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 

Transmission power for each aircraft 

Sensitivities for each aircraft 

PROCESS: 

Variable Name 

,JTRANS 

JSi'~NS 

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 levels 

(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 

1. CALL RANN: Get a random number. 
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2. 11~;1' proh<1hility distribution lnm1 1\'l't'-') to d(•tPrminP 

tran~;mi~;sion powc~r. 

3. store transmission power. 

B. ELSE IF Mode S-equipped aircrdft THEN 

1. Calculate transmission power of ModeS-equipped aircraft 

using number from normal distribution. 

2. Store transmission power. 

C. 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 

5. END LOOP 

6. Set starting points for random number generator. 

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

normal distribution and are used to predict Mode S sensitivity 

levels. 

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

normal distribution and are used to predict TCAS II M sensitivity 

levels. 

9. 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. 

B. ELSE IF Mode S-equipped aircraft THEN 

1. Set sensitivity equal to number from normal distribution. 

2. Store the sensitivity. 

C. ELSE IF TCAS II M-eguipped aircraft THEN 

1. Set sensitivity equal to number from normal distribution. 

2. Store predicted value. 

D. END IF 
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1 0. FliD 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-cquippecl aircrdft 

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 dver 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 

Number of TCAS II M-equipped aircraft 

TCAS II M pointer array 

Squitter phase start time 

PROCESS: 

1. LOOP over all aircraft. 

A. IF TCAS II M THEN 

variable Name 

NUMTCA 

I111 

TCST 

1. Count the aircraft. 

2. Store its location in the pointer file. 

3. CALL RANN: Get a random number. 

4. Calculate squi tter phase start time using the random 

number. 

B. END IF 

2. END LOOP 

3. Return. 
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Called by: CIRCAS 

Subroutines called: RANN 

Section 3 
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3.3.10 Subroutine: LOAD 

PURPOSE: At times 0, 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, ann 

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. rhe 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 

M within 10 nmi. 

VARIABLES OF INTEREST 

Description variable Name 

Aircraft characteristics file TJFILE 

TCAS II M headings THETA 

Track file !TRACK 

TCAS II M environmental array ICASFI 

Density about each TCAS IIM DENS 
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Number of '!'CAS 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. Calculate the new latitude by adding forty seconds times the 

latitudinal velocity to the old latitude (x = Xt_40 + 40Vx>• 

B. Calculate the new longitude by adding forty seconds times the 

longitudinal velocity to the old longitude ( y = Yt-40 + 40 vy). 

c. Calculate the new altitude by adding forty seconds times the 

upward velocity to the old altitude (z = zt_40 + 40 vz)• 

D. Store these new positions. 

2. HID IF 

3. LOOP over all '!'CAS II M-equipped aircraft 

A. Find the location of the '!'CAS II M in the general aircraft 

characteristics file. 

B. Compute the heading of the aircraft by finding the angle formed 
2 2 1; 

by the velocity components (theta= arcsin (vyf<vx + vy) 2) ). 

c. 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. 

D. If the aircraft is heading eastward, subtract the adjusted angle 

in 3.C from 360°. (The calculation in 3.C assumes westward 

motion.) 

E. Convert this angle to radians. 

F. Zero out local aircraft counters. 

G. Get the latitude (radians), longitude (radians), and altitude 

(statute miles) of the TCAS II M-equipped aircraft. 

H. LOOP over all aircraft 

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

(radians), and altitude (miles). 

3-24 



DOT/FAA/PM-85/22 Section 3 

2. CAr,L HF.AR: Compute the horizon tal distance (miles) and 

an9le (radinns) between TCAS II M and victim aircraft. 

3. Find the altitude difference (nmi) between the TCAS II M 

and victim aircraft. 

4. Find the slant range (straight-line distance) between the 

two aircraft. ( (horizontal distance 2 + vertical 
2 1; 

distance ) 2 ) 

5. 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 

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

is not already there. 

b. ~SE 

1. Remove the victim aircraft from the track file if 

it is there. 

c. DID IF 

6. DID IF 

7. Determine the free space power loss (Power loss = 37.80 + 

20log1o(1030) + 20log 1o 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 transponGer cable 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). 

8. Compute aircraft densities around each TCAS aircraft. 

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

a. Remove the victim aircraft from the TCAS II M 

environmental array. 

10. ELSE 

a. Increment appropriate local aircraft counters if the 

victim is within 10 nmi of the TCAS II M. 
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b. 

Section 3 

Ston:~ the rt'!Litive ranqP-, bf'arinq, and power, anrl the 

type of victim air<~rdft in tJH• 'ICAS If M f'nvironmental 

file. 

11. EHD IF 

I. EHD LOOP 

4. END LOOP 

5. Return. 

Called by: CIRCAS 

Subroutines called: BEAR 
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3.3.11 Subroutine: 81~/\R 

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 

Radius of the earth 

TCAS latitude 

TCAS longitude 

Victim latitude 

Victim longitude 

Distance between the two aircraft 

variable Name 

RADIUS 

TLAT 

TLON 

RLAT 

RLON 

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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_ 1T _ -1 ( -PLAT ) 
BEARTX - 2 TAN (DLON)(LSF*) 

(TLAT, TLON) 

DLAT 

DLON 

*LSF ::LONGITUDE SCALING FACTOR 

Figure 3-2. Illustration of bearing calculations. 
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':>. l•'ind Uw straiqht lin(! distanr:f' t)f'tWCf!n thP two airc::rrlft (the 

distance is the ~1qua U! root of the sum of the squdre 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 I scaled difference in longitudes)). 

9. AdjlJSt the r~xis so that due north is the zero point. 

10. IF thP. anqle is negative THEN 

A. Add 2n to it to make it positive. 

11. END IF 

12. Return. 

Called by: LOAD, TCAS1 

Subroutines called: None 
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3. 3. 1 2 Subroutine: PRKSET 

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

equipped aircraft. 

INPUTS: Number of each type of aircraft, track file, TCAS II M environmental 

array, aircraft deployment file, and transponder characteristic arrays. 

PROCEDURES: At the start of the simulation, the number of Mode s and 

TCAS II M-equipped aircraft within 35, 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: Adjusted transmission power and sensitivity levels for each 

TCAS IJ 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 
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PROCESS: 

1. LOOP over all TCAS II M-equipped aircraft. 

A. Reset squitter, acquisition, and roll-call target counters. 

B. Get altitude of TCAS II M. 

C. LOOP over all 500 tracks. 

1. Get airccaft numhec. 

2. If aircraft has heen removed from file, go on to the next 

·track. 

3. Get aircraft type. 

4. If ATCRBS-equippcd 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 squitter 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. 

1 3. If the slant range is less than or equal to 7.16 nmi, 

increment the number in roll-call range. 

D. miD LOOP 

E. Multiply the squitter count by the ratio of TCAS II 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. 

F. DO WHILE inequality (2-1) is not satisfied ARD no more than 

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

1. Make power and sensitivity adjustment. 

2. Compute interference-limiting equation. 

G. miD WHILE 

H. Set up new array of sensitivities with adjustment calculated 

above. 
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I. Set up new array of transmission power with abovr> adjustm~nt. 

2. END LOOP 

3. Return. 

Called by: CIRCAS 

Subroutines called: None. 
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3.3.13 Subroutine: ~1 

PURPOSE: To determine the effects of deployinq TCAS 1:-equippf'd (all Mod•~ s-

equipped aircraft are assumed to be TCA..S 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 

Aircraft deployment 

Antenna patterns: 

Top (transmitting) 

Bottom (transmitting) 

Bottom (receiving) 

Top (receiving) 

Sensitivity levels 

Expected number of TCAS I 
interrogations per second 

PROCESS: 

Variable Name 

T,JF'ILF. 

ANTTOP 

ANT BOT 

PAS BOT 

PAS TOP 

JSENS 

ATCRAT 
ATCRAT 

1. 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. Find the difference in altitudes ( nmi). 

Determine the anqle between th~ aircraft. 

Section 3 

4. 

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

bottom antennas. 

6. Determine total gain (add TCAS I qain to victim gain). 

7. Calculate free space power loss. 

8. Using results from 1.R.6 and 1.H.7, find received power. 

9. IF received power is above sensitivity level of victim 

(i.e., signal is detectable) THEN 

a. Count one interrogation at that aircraft. 

10) DID IF 

C. DID LOOP 

2. DID LOOP 

3. Return. 

Called by: CIRCAS 

Subroutines called: BEAR 
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3.3.14 Subroutine: ANTGAN 

PURPOSE: To store elAvation antenn<1. pilttf>rns betwf•Pn 'TY":AS II M-equipp<~<i 

aircraft and victim aircraft. 

INPUTS: Aircraft deployment file, TCAS II M environmental file, 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 ann 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 

Aircraft deployment file 

TCAS II M environmental file 

TCAS II M pointer file 

Antenna patterns: 

Top (transmitting) 

Bottom (receiving) 

Bottom (transmitting) 

Top (receiving) 

PROCESS: 

Variable Name 

T.JFILE 

ICASr'I 

I 111 

ANTTOP 

PAS BOT 

ANT BOT 

PAS TOP 

1. Find the location of the TCAS II Min 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. 
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Get the slant range between the two. 

Calculate the difference in their altitudes. 

2. 

3. 

4. 

5. 

6. 

Calculate the horizontal distance between them. 

Calculate the elevation angle between the two aircraft. 

Look up the couplings at the calculated anqles 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 ~~AS II M-equipped 

aircraft. To compute the reply efficiency for each aircraft. 

Section 3 

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 

Interrogation rate for each aircraft 

suppression rate for each aircraft 

TCAS II M environmental array 

Aircraft deployment file 

Interrogation and suppression totals 
from previous second 

Misaddressed totals from previous 
second 

TCAS II M identity 

Transmission power for each aircraft 

Sensitivity level for each aircraft 

Fruit level seen by TCAS II M-equipped 
aircraft 

Probability of reply for each aircraft 
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IADJIN 

IADJSU 

ICASFI 

TJFILF.: 

STAT 

MIS 

II 

JTRANS 

JSENS 

FRUIT 

PREP 
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PROCESS: 

1. 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 

2. END IF 

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

4. Zero out fruit counter for the TCAS II M. 

5. LOOP over all aircraft. 

A. If victim aircraft is out of range of the TCAS II M, qo on to 

the next aircraft. 

B. Find the type of the victim aircraft. 

c. Get number of interrogations victim received during the previous 

second. 

D. Get suppressions of victim from previous second. 

E. IF ATCRBS-equipped aircraft THEN 

1. Set suppression time to 35 microseconds. 

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

F. ELSE 

1. Set suppression time to 20 microseconds. 

2. Set interrogation dead time to 24 microseconds. 

G. END IF 

H. Calculate the total dead time due to interrogations. 

I. Calculate the total dead time due to ground ATC, TCAS II M 

suppressions, and TCAS II M misaddresses. 

J. Sum the above to find the total dead time. 

K. Estimate and store the probability of reply for that aircraft. 

L. Compute antenna coupling between victim and TCAS II M-equipped 

aircraft. 

M. 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 dRm 

plus a constant adjustment factor. 

0. Make further adjustments if victim <~ircraft is TCAS [l M

equipped. 

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

Q. IF total power is greater than the 'l'CAS 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. EHD LOOP 

7. Return. 

Called by: CIRCAS 

Subroutines called: None. 
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3.3.16 Subroutine: DISMOO 

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 p6wer 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 interrogation counter, number 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 

Adjusted TCAS II M sensitivities 

Interrogation rate at each TCAS II M 

TCAS II M environmental file 

<rCAS II M identifier 

Type of each aircraft 

Aircraft deployment file 

Variable Name 

SESIT 

ORATE 

ICASFI 

II 

LJFILE 

TJL"ILE 
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Fruit level seen by each TCAS [I 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 

I•'RIJ l'r 

/\MSJ> 

MIS 

DINTRT 

UP RATE 

IROL 

Trial ITRIL1 

Trial 2 ITRIL2 

Trial 3 ITRIL3 

Trial 4 and above ITRIL4 

Mode S interrogation rate count ACQSUM 

Number of aircraft in dormancy state DORSUM 

Acquisition counter MAD 

Dormancy counter MOOR 

Roll call counter MROL 

SquittPr state counter MSQ 

Nt1ll state counter NULL 

Number of aircraft in roll call ROLS!JM 

Aircraft sensitivities JSENS 

Indicates where TCAS II M transmitted ITOB 

Victim aircraft K 

TCAS II M transmissions LPLUS 

Mode S track file ITRACK 

TCAS II M pointer file I111 

Elapsed time in simulation ITIME 

Aircraft transmission powers JTRANS 

PROCESS: 

1. IF at the beginning of a search cycle THEN 

Sr>ct ion 1 

A. Zero out counters for roll call, dormancy, acquisition, and null 

states, as well ap the interrogation, suppression, and 

misaddress counter arrays. 
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2. END IF 

3. Set the number of Mode S tracks to 500. 

4. Zero out the interrogation counter at the TCAS II M. 

5. Locate TCAS II M in aircraft characteristics file. 

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

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

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

by the given TCAS II M to zero. 

9. LOOP over the 500 tracks. 

A. Skip if there is no aircraft in this track. 

B. Get identity of aircraft in track. 

c. Determine the floating point and integer averages of the number 

of interrogations received by the victim aircraft. 

D. Find the difference between the floating point and integer 

averages. 

E. CALL RANN: Get a random number. 

F. IF the random number is greater than the fractional portion of 

the average THEN 

1. Add one to the integer average. 

G. END IF 

H. IF the integer average is less than one THEN 

1. Set it equal to one. 

I. END IF 

J. Find the altitude of the victim aircraft in statute miles. 

K. Find the absolute difference in the altitudes of the two 

aircraft. 

L. Get the slant range between the two aircraft. 

M. Find the victim aircraft type. 

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

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

transmissions. 

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

Q. Find the reply power of the victim. 
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R. Determine the antenna gains of the TCAS II M-eq~ipped aircraft 

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

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

the total gain. 

T. The total reply power is the quantity found in 9 .Q plus the 

total gain. 

U. IF the vic tim aircraft is TCAS II M equipped AND its reply power 

is above the sensitivity of the TCAS II M THEN 

1. CALL TSQUIT: Count the TCAS II M-equipped aircraft 

detected by squitter and set the squitter start time. 

V. EliD IF 

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

than 1 00 THEN 

1. Set the fruit level to 100. 

X. EliD IF 

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

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

fitting techniq~e. (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.) 

z. Find the maximum relative velocity of the two aircraft. 

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

velocity). 

BB. Set the decode indicator to zero (false). 

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

track file. 

DO. 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. 

EE. END IF 
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FP. IF the victim's reply powf•r is bf!low the TCAS II M sensitivity 

OR the victim is Currently in the nllll. stn te mEN 

1. Set the number of squitters receiverl equal to zero. 

2. Increment the null state counter by one. 

3. CALL RANN: Get n ranrlom number. 

4. IF the random number is less than the probability of rlecode 

AND the aircraft is in the null state THEN 

a. Increment the number of received squitters by one. 

5. miD IF 

6. 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). 

7. 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. 

8. miD IF 

GG. ELSE IF the aircraft is in the squitter state THEN 

1. Decrement the timer by one. 

2. Increment the squitter state counter by one. 

3. 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. 
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F.LSP. 

1. Set the clock incu!m0.nt to 2. 

f. END IF 

g. LOOP over the average number of TCAS II M 

interrogations. 

1. CALL RANN: Get a random number. 

Section 3 

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. IF 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 trial 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. 

k. 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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3. l'rocP<•d Lo lh<' nf•><l lri.tl. 

4. IJo' tlu• l·ri.ll numhr.r is qr••dter thdn four THF.N 

a. Het thP trial number to four. 

5. END IF 

6. Zero out the clock. 

m. 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. 

n. END IF 

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

a. Set the number of squitters received to zero. 

b. 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). 

h. Add one to the number of squitters received. 

c. END LOOP 

3. END IF 

c. END LOOP 

d. CALL RANN: Get a random number. 

e. IF the random number is less than the probability of 

clear reply THEN 

1. Add one to the number of squitters received. 

f. END IF 

g. IF the number of squitters received is not equal to 

zero THEN 

1. IF a squi tter has been 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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2. 

Section 3 

ELSE 

a. Pl<~ce thP viet 1m <~i rcrrtft in thP. ilCCjllisition 

state. 

b. Increment the trial number if it is less 

than four. 

c. Set the clock to zero. 

3. END IF 

h. END IF 

5. ELSE 

a. Set the clock to zero. 

b. Place the aircraft in the null state. 

c. Set the trial and scan indicators to zero. 

d. Set the acquisition reply indicator to zero. 

6. END IF 

HH. ELSE IF the victim aircraft is in the acquisition state THEN 

1. Increment the scan indicator. 

2. Increment the acquisition counter. 

3. IF all six scans of the trial sequence have been completed 

THEN 

a. 

b. 

c. 

d. 

4. ELSE 

a. 

b. 

Place the victim aircraft in the squi tter state. 

Set the scan back to zero. 

Set the clock to zPro. 

Set the acquisition reply indicator to zero. 

Look up the number of failed interrogations allowed 

during this scan. 

IF 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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)J. 

Section 3 

Increment the TCAS II M transmission counter 

by one. 

c. Determine from which TCAS II M antenna the 

victim aircraft received the interrogation. 

d. Add one to the Mode s interrogation rate 

counter. 

e. Increment the TCAS II M interrogation rate 

counter. 

f. IF the interrogation power received by the 

victim is qre.ater than or equal to its 

sensitivity THEN 

1. Increment the ModeS address counter. 

2. IF the ran<iom 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 
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2. Set the clock to the time to 

endanger minus 43 seconds. 

3. Increment the dormancy 

counter. 
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d. 

Sf>c: t· i. on l 

F.I.SF. 

1. PlacP the victim aircraft in 

the roll call state. 

2. SP.t the clock to zero. 

e. END IF 

5. END IF 

g. END IF 

4. END WHILE 

5. IF the TCAS II M-equippeo aircraft received one 

and only one reply during the scan THEN 

a. IF this was the final scan OR a reply was 

received during a previous scan THEN 

b. 

c. 

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 

3. 

ELSE 

other 

1 • 

a. Place the aircraft in the roll 

call state. 

b. Set the clock to zero. 

c. Set the scan, trial, and reply 

indicators to zero. 

END IF 

(if this wasn't the final scan and 

replies have been received) 

Set the reply indicator to one. 

END IF 
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6. END IF 

c. FliD IF 

5. am IF 

II. ELSE IF the victim aircraft is in the roll call state THEN 

1. Increment the scan indicator. 

2. Increment the roll call counter. 

3. 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. 

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

4. ELSE 

a. Find the maximum number of interrogations allowed. 

b. DO UNTIL a correlating reply is received. 

1. CALL RANN: Get a random number. 

2. Increment the TCAS II M interrogation counter. 

3. 

4. 

5. 

Determine the TCAS 

victim received the 

Add one to the Mode 

Add one to the roll 

II M antenna from which the 

interrogation. 

s interrogation rate counter. 

call interrogation counter. 

6. 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 0 Set the scan indicator to zero. 

2. IF the time to endanger is greater than 

40 seconds THER 

a. Place the aircraft in dormancy. 

b. Increment the dormancy counter. 

c. Set the clock to the time to 

endanger minus 40 seconds. 

3. am IF 

c. END IF 

7. END IF 
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c. P.HD UNTil. 

5. END IF 

JJ. ELSE IF the victim ill rcrd ft is in the ciormancy state mEN 

1. Decrement the clock. 

2. Increment the dormancy counter. 

3. IF there is no time left on the clock mER 

a. Place the aircraft in the squitter state. 

b. Set the clock to 16 seconds. 

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

4. END IF 

KK.. ERD IF 

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

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

10. ERD LOOP 

11. Return. 

Called by; CIRCAS 

Subroutines called: RANN, TSQUIT 
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3.3.17 Subroutine~~-~~ 

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 II 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 II 

Victim aircraft identity K 

Number of TCAS II M detected NOW 

Number of TCAS II M-equipped aircraft NUMTCA 

TCAS II M pointer file !111 

Elapsed time in simulation !TIME 
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Prohability of reply for ench aircraft PI<I·:J> 

TCAS I I M squ it te r pha~~e TCS'r 

PROCESS: 

1. Get the identity of the k-th TCAS II M aircraft. 

2. Initialize time of last squitter if necessary. 

3. Get time of last received squitter from squitter file. 

4. Compute elapsed time since last received squitter (~t). 

5. IF time=1 THEN 

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. 

6. ELSE IF ~t>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. 

7. ELSE IF ~t = 0, 10, or 20 and the k-th TCAS is not in the squitter 

files, THEN 

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 

8. END IF 

9. RETURN 

Called by: DISMOD 

Subroutines called: RANN 
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-3.'i.1B Subroutine: 'ICSMOT 

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 transmittf;!ci 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 

TCAS II M identity 

Total interrogations transmitted by 
each TCAS II M 

Adjusted TCAS II M transmission power 

Smoothed emission power 

Smoothed interrogation rate 

TCAS II M pointer file 

Elapsed time in simulation 

Transmission power of each aircraft 

Values of all TCAS II M emission 
powers and interrogation rates for 
the past 16 seconds 

Variable Name 

II 

ORATE 

AMSP 

TIS 

TPS 

I111 

ITIME 

JTRANS 

JTA 
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PROCESS: 

1. Get location of TCAS II M-t~quipped aircr<~ft of inten~st in qeneral 

aiccraft file. 

2. IF at the beginning of a new search cycle mEN 

A. Determine which column of the array holning all values of the 

interrogation rates and emission powers for the last sixteen 

seconds will be replaced with the new values. 

B. IF 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 

3. END IF 

4. Round the interrogation rate to the nearest integer and store the 

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

seconds. 

5. 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 sixteen seconds. 

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

7. 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. 

8. END LOOP 

9. Return. 

Called by: CIRCAS 

Subroutines called: None. 

3-55 



DOT/FAA/PM-85/22 Section 3 

3.3.19 Subroutine: DISINT 

PURPOSE: Tq compute Morle S arldresseo and mis.tddr,.~;:;t•d rrites ilt each aircrdft. 

INPUTS: Mode S interrogations transmitted by each TCAS II M-equippeo 

aircraft, the TCAS TI M-equipped aircraft identity, number of aircraft in 

deployment, number of ATCRBS-equipped aircraft in deployment, adjusted 

TCAS IT M emission power, transponder characteristic files, array that 

indicates whether the TCAS II M transmitted on the top or bottom 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 t0tal 

addresses each aircraft received during previous search cycle. 

VARIABLES OF INTEREST 

Description 

Total interrogations transmitted by 
each aircraft 

TCAS II M identity 

Number of aircraft in deployment 

Number of ATCRBS-equipped aircraft 

Adjusted TCAS II M emission power 

Misaddresses at each aircraft 

Mode S interrogations transmitted 
during previous search cycle 

Total interrogations each aircraft 
received during entire simulation 

Sensitivity levels of all aircraft 

Variable Name 

CBRATE 

II 

NAC 

IATCR 

AMSP 

MIS 

ORATE 

UP RATE 

JSENS 
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Number of addressed interrogations 
received 

Indicator of whether TCAS II M 
transmitted on its top or bottom 
antenna 

ADRESS 

r·ron 

Number of TCAS II M transmissions LPL!JS 

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. 

Section 3 

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 associ a ted with the two antennas above 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. FliD LOOP 

4. IF at end of search cycle, THF.N 

A. LOOP over all aircraft. 

1) IF not ATCRBS-equipped aircraft THEN 

a. Increment Mode S interrogation counter. 

2. FliD 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 

5. END IF 

6. Return. 

Called by: CIRCA.S 

Subroutines called: None. 
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3.3.20 Subroutine: ATMOD 

PURPOSE: To determine the TCAS II M whisper-shout interro9ation 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 inentity, number of 

aircraft in deployment, sensitivity level of all aircraft, TCAS II M 

pointer file, TCAS II M interrogations to ATCRRS-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 t.he 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 

TCAS II M top antenna s~ patterns 

TCAS II M top antenna difference patterns 

TCAS II M environmental file 

Antenna couplings beteen TCAS II M
equipped and victim aircraft 
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TCAS [I M identity 

Numhf·~r of ai rcrd ft i.n <lf•ployrnnnt 

Sensitivity levels of all aircraft 

TCAS II M pointer file 

TCAS II M interrogations to ATCRBS 

TCAS II M-produced ATCRBS suppressions 

TCAS II M interrogations to Mode S 

TCAS 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. 

r r 

Nl\(' 

,fSI-:NS 

I 1 11 

I A TIN 

IATSU 

IDABN 

IDABS 

I TIME 

JTRANS 

ILWS 

IPRB 

IPRBO 

IPRF 

IPRS 

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

B. Find victim aircraft type. 

Section 3 

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) TRBN 

1. END LOOP 

J. END IF 

K. Find gain at victim antenna. 
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f.. GP.t int(•q•~r di!Siqnatinq <)() d(!'Jr1'0 ~;r·ct-or bt>twc•en 'PC/\S [I M and 

victim. 

M. LOOP over five TCAS Ir M ant~nn.1s. 

1. IF integer designating 90 deqree 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 +PRF. 

c. ELSE IF analyzing right side antenna THEN 

1. 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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h. 

i. 

j . 

Section 3 

Jo:ND IV 

Suhtrdct the lPvrd being analyzed from thA total 

number of levr~ls to get the tot.'l.l n.ttenuation. 

Find the interrogation power by subtracting the 

attenuation from the total power. 

k. Find the suppression power by subtracting the whisper-

shout power drop from the interrogation power. 

1. If at the first level of the sequence, set the 

suppression power to -100 dBm. 

m. Decrement the whisper-shout power drop by one. 

n. IF the whisper-shout power drop is less than one CIB 

THEN 

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

o. END IF 

p. IF the whisper-shout power drop is equal to 1 dB AND 

the victim aircraft is ATCRBS-equipped THEN 

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

q. END IF 

r. Find the total antenna gain by adding the appropriate 

TCAS II M gain to the victim aircraft qain. 

s. f<'ind the sum interrogation power by summing the TCAS 

II M sum antenna gain, the interrogation power, and 

the total antenna gain. 

t. Sum the interrogation power, the TCAS II M difference 

antenna pattern, and the total antenna gain to find 

the interrogation difference power. 

u. Sum the suppression power, the sum antenna pattern, 

and the total antenna gain to find the suppression sum 

power. 

v. Zero out the omnidirectional antenna's interroqation 

power. 

w. 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. 

3. 

4. 

5. 

Section 3 

IF i1t fi.r!-!t ]f~V<>I of whi:q,.~r-shout mF.N 

<1. ~;uhtract 1<} dH from ~h•• omniclin~ctionill 

power. 

b. IF victim aircraft is an ATCRBS-equipped 

aircraft THEN 

1. Set omnidirectional suppression power 

to -110 dBm. 

c. ELSE 

2. IF at first level of whisper-shout THEN 

d. mD IF 

ELSE IF at second whisper-shout level THEN 

a. Subtract 17 dB from omnidirectional 

interrogation power. 

b. Set omnidirectional suppression power 3 

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 

lower than omnidirectional interrogation 

power. 

ELSE IF at last whisper-shout level THEN 

a. Subtract 13 dB from omnidirectional 

interrogation power. 

dB 

dB 

b. Set omnidirectional suppression power 3 dB 

lower than omnidirectional interrogation 

power. 

6. mD IF 

7. Set difference interrogation power, sum 

interrogation power, and sum suppression power to 

zero. 
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8. 

Section 3 

IF omnidirectional suppression power is greater 

than or equal to victim sensitivity THEN 

n. 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 

x. ELSE 

1. IF sum suppression power is 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 

y. END IF 
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1 0 • END LOOP 

N. END LOOP 

3. END LOOP 

4. Return. 

Called by: CIRCAS 

Subroutines called: None. 

Section 3 
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INTI. I 

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

that the three interference limiting inequalities are satisfied. 

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

identity, adjusted power levels of TCAS II M, sensitivity levels of all 

aircraft, number of TCAS II M-cquipped aircraft detected, smoothed 

emission powers, smoothed interrogation rates, TCAS II M pointer file, 

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 ) 

i=1 250 watts 1 + NTA 

I 

L: M(i) ..; 0.01 second ( 2-2) 
i=1 

K PA(k) 80 
/: ------ ,;, (2-3) 

k=1 250 watts + NTA 

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

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

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

II M, 16-second freeze counter, inequality (2-3) satisfaction indicator, 

total ATCRBS power radiated, peak ATCRBS power, whisper-shout truncation, 

and number of TCAS II M-equipped aircraft detected. 
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VARIABLES OF INTEREST 

Description 

Adjusted sensitivity levels of TCAS ri 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 II 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 

Re~urn Point Indicator 

PROCESS: 

Varir.thle Name 

SESIT 

II 

AMSP 

I RESET 

NWSL 

PMAX 

TPOW 

JSENS 

NOW 

TIS 

·rps 

I 111 

I TIME 

JTRANS 

IRETRN 

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

2. Decrement 16-second freeze counter. 

3. Compute right-hand side of Equations 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 0. 

b. Return. 

2. END IF 

3. Remove 1 w-s level. 

4. Go to step 5. 
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B. EIID IF 

5. Check 16-second freeze clock. 

6. IF freeze clock > 0, THEN 

7. 

1. Set return indicator to 1 

2. 

ELSE 

A. 

B. 

c. 
o. 

E. 

F. 

Return. 

Check Equations 1 and 2. 

Compute total Mode s power transmitted. 

Compute total w-s power transmitted. 

Compute total Mode s + w-s power. 

Compute total self-suppression deadtime. 

IF Equation 1 and Equation 2 are satisfied, 'l'HBIII 

1. IF ModeS range is greater than ATCRBS range, THEN 

a. Check to see if all w-s levels are used. 

b. Compute total w-s power radiated with 1 additional 

w-s level. 

c. IF Equation 3 is satisfied with new total w-s power, 

"l'HEIII 

1. IF Equations 1 and 2 are satisfied with one 

additional w-s step, "l'HElll 

a. Add 1 w-s level. 

b. Go to Step 7 • 

2. ELSE 

a. Set return indicat0r to 3. 

b. Return. 

3. END IF 

d. END IF 

2. EIID 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. 
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tj • S<::t r":':urn in-:l.:c~ator 

"=· Return. 

4. ELSE 

a. Set return indicator 

b. Return. 

5. END IF 

G. ELSE 

1 • IF Mode s range is greater 

a. 

b. 

c. 

d. 

e. 

2. ELSE 

a. 

b. 

3. END 

H. END IF 

8. END IF 

9. Return 

10. End 

Decrease Mode s power 

Increase sensitivity 

Reset freeze counter. 

Set return indicator 

Return. 

Delete 1 w-s level 

Go to step 7. 

IF 

Called by: CIRCAS 

Functions called: HIATPW 
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3. 3. 22 r'UNCT ION 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 

Highest transmitted power 

Number of whisper-shout levels sent 

PROCESS: 

variable Name 

HIATPW 

NWSL 

1. Use of number of whisper-shout levels sent to find the highest 

priority level sent. 

2. IF the highest priority sent > 79, THEN 

Find the highest power level sent on the top antenna. 

3. ELSE 

Find the highest power level (in dBm) sent on the bottom 

antenna. 

4. END IF 

5. Convert the power level to watts. 

6. Return. 

C llled by: INTLI 

Subroutines called: None. 
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3.3.23 Subroutine: STATS 

PURPOSE: To write out the 'T'CAS II M parameters of interest r~ft:er ec1ch 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 II 

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 0f aircraft in the acquisition 
state 

Number of aircraft in the roll-call state 

Number of aircraft in the dormant state 

Number of whisper-shout steps sent 

Total Mode S and ATCRBS power sent 

Maximum Mode S power transmitted 
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Mode S freeze counter 

Interference limitinq condition indicator 

PROCESS: 

I RESET 

IRF.'l'HN 

1. IF Pirst 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 inteqer fvrmat. 

4. Write out variables of interest. 

Section 1 

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. 

Celled By: CIRCAS 

Subroutines called: None. 
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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 II 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 

interroqa t:ions and suppressions due to TCAS II M emissions, TCAS I 

interrogations, and TCAS II M mutual suppression time. 

OU~PUTS: 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 

Mode s addresses ADRESS 

ATCRBS interrogations lATIN 

ATCRBS suppressions IATSU 

Mode s interrogations IDABN 

Mode s suppressions I DABS 

TCAS I interrogations ATCRAT 
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'l'otal interrrYJationf:l rr~c~iw~d by 'l'C/\S u M nRA'l'E 

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. miD 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. miD LOOP 

4. Return. 

Called by: CIRCAS 

Subroutines called: None. 
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/\1'1'1-:NDIX 1\ 

'J'C'/\S SJ·:M 1>/\'I'A l>fC'rWN/\RY 

The following data dictionary describes each common variable for 

understanding the code. 
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;::. 
I 

I'V 

VARIABLE 
NAMi:: 

ACQSUM 

ADRESS 

AMSP 

ANT BOT 

ANTTOP 

ATCRAT 

AT SUMP 

AZPAT 

BEARTX 

DIFPAT 

DINTRT 

DIST 

DORSUM 

ORATE 

NUMBER OF 
ELEMENTS TYPE 

1 REAL 

NUAIRa REAL 

83 REAL 

19 REAL 

19 REAL 

NUAIR REAL 

0:83 REAL 

36 REAL 

1 REAL 

36 REAL 

NUAIR REAL 

1 REAL 

1 REAL 

83 REAL 

LABELED 
COMMON 

BLOCK SUBROUTINES 

ROLACQ DISMOD,INT,STATS 

SETA DISINT,FILES,INT 

ILMS DISINT,DISMOD, 
INIT,INTLI,PRESET, 
STATS,TCSMOT 

ANTT ANTGAN,INIT,TCAS1 

ANTT ANTGAN,INIT,TCAS1 

TCRAT1 FILES,INIT,STATS, 
TCAS1 

ILMS ASPINT,INTLI 

ANTENN ATMOD,INIT 

BBBEAR BEAR,LOAD 

ANTENN ATMOD,INIT 

ONT DISINT,DISMOD, 
!NIT 

BBBEAR BEAR,LOAD,TCAS1 

ROLACQ DISMOD,INIT,STATS 

ATE DISINT,DISMOD, 
FILES,STATS,TCSMOT 

- -

UNITS 

-

-
watts 

dBi 

dBi 

INTERROGATIONS/ 
SECOND 

WATTS 

dB 

RADIANS 

dB 

ADDRESSES/ 
SECOND 

NAUTICAL MILE<; 

-

INTERROGATIONS/ 
SECOND 

-- -

DESCRIPTION 

MODE S INTERROGATION COUNTER 

MODE S ADDRESSES 

ADJUSTED TRANSMISSION POWER FOR 
TCAS II M AIRCRAFT 

TRANS~ITTING TCAS AIRCRAFT 
BO'M'OM ANTENNA PATTERN 

TRANSMITTING TCAS AIRCRAFT 
TOP ANTENNA PATTERN 

TCAS I INTERROGATIONS 
AT EACH AIRCRAFT PER 
SECOND 

TOTAL POWER RADIATED WITH N 
WHISPER-SHQUT LEVELS 

TCAS II M TOP ANTENNA SUM 
PATTERNS 

HORIZONTAL ANGLE 
BETWEEN 'K:AS II M 
AND VICTIM AIRCRAFT 

TCAS II lo! TOP ANTENNA 
DIFFERENCE PATTERNS 

MODE S ADDRESSED 
RATE TO EA::H AIRCRAFT 
(PER SECOND) 

DISTANCE BETWEEN 
TCAS II M AND 
VICTIM AIRCRAFT 

NUMBER OF VICTIM 
AIRCRAFT TCAS II M OF 
INTEREST H~<; IN DORMANCY 
STATE 

TOTAL INTERR0GATIONS 
TRANSMITTF..D BY EACH TCAS II M 
(UPDATED ON A SECOND-BY-SECOND 
BASIS) 

-----

I 

I 
I 

I 
I 

I 
! 
I 
I 

i 

0 
~ 
-.: 
> > ........ 
"'C 
~ 
I 

V1 
........ 
N 
N 

> 
'0 
"'0 
ro 
:l 
0. 
i-'· 
X 

> 



LABELED 

I I I 
S1 

VARIABLE I NUMBER OF I I COMMON 
...... 
>-3 

Nl\1-IE ELEMENTS TYPE BLOCK SUBROUTINES UNITS DESCRIPTION ........ 
., 
> 

FRUIT I 83 I REAL I FRUT I DISMOD,FRUITA I - I FRUIT SEEN BY > 
INIT,STATS E.>.CH TCl\S II M 

........ 
"j 

.>.I!l.CRAFT 3: 

I 
b 

I111 I 83 I INTEGER I TCDATA I ANTGAN, ATMOD, 

I 
-

I 
TCAS II M "' DISINT,DISMOD, POINTER FILE 

........ 
~'<.) 

FILES,FRUITA, N 

INIT,INTLI,LOAD, 
PRESET,TCSMOT, 
TSQUIT,TSTART 

IACTOT NV AIR INTEGER TRAN TSTART,TSQUIT I - I INVERSE TCAS II M POINTER 

IADJIN NUAIR INTEGER RATE FRUITA,INIT, I INTERROGATIONS/ I INTERROGATION RATE 
INPUT SECOND FOR EACH AIRCRAFT 

DUE TO GROUND ATC 
(PER SECOND) 

IADJSU I NUAIR I INTEGER I RATE I FRUITA,INIT,INPUT I SUPPRESSIONS/ I SUPPRESSION RATE 
SECOND FOR EACH AIRCRAFT 

DUE TO GROUND ATC 

> I I I I I I I (PER SECOND) 
I 

w 
IATCR I 1 I INTEGER I DPLYMT DISINT,INIT,INPUT - NUMBER OF ATCRBS AIRCRAFT 

IN DEPLOYMENT 

lATIN I NUAIR I INTEGER I TCDATA ATMOD,FRUITA, INTERROGATIONS/ ATCRBS INTERROGA-
INIT,STATS SECOND TIONS DUE TO TCAS II M 

AIRCRAFT (PER SECOND) 

IATSU I NUAIR I INTEGER I TCDATA I ATMOD,FRUITA, SUPRESSIONS/ ATCRBS SUPPRESSIONS 
INIT,STATS SECOND DUE TO TCAS II M 

AIRCRAFT (PER SECOND) 

ICASFI I 83,NUAIR I INTEGER, I CAS I ANTGAN, ATMOD, - INFORMATION ON VICTIM 
PACKED IJISINT,DISMOD, AIRCRAFT RELATIVE TO EACH 

FRUITA, LOAD, TCAS II M AIRCRAFT: 
PRESET 10X NAUTICAL MILES SLANT RANGE-BITS(O:S) 

40* RADIANS BEARING OF VICTIM AIRCRAFT 
RELATIVE TO THE HEADING OF 
THE TCAS II M AIRCRAFT, 
(BITS 9: 16) 

10* dB I PROPAGATION PATH LOSS, ~ 
(BITS 17:26) '0 

-- SECTOR IN WHICH VICTIM (!) 
~ 

AIRCRAFT IS LOCATED, 0. 
(BITS 27:33) 1-'· 

X -- ' VICTIM AIRCRAFT TYPE, SAME 
AS IJFILE(N,4), (BITS 34:35) > 



;1::' 
I 

""" 

VARIABLE 
NAME 

IDAB 

IDABN 

!DABS 

II 

IJFILE 

IPRB 

IPRBOT 

IPRF 

IPRS 

!RESET 

IRETRN 

NUMBER OF 
ELEMENTS TYPE 

1 INTEGER 

NUAIR INTEGER 

NUAIR INTEGER 

1 INTEGER, 
INTEGER 

NUAIR, 8 INTEGER 

15 INTEGER 

4 INTEGER 

24 INTEGER 

40 INTEGER 

83 INTEGER 

1 INTEGER 

LABELED 
COMMON 

BLOCK SUBROUTINES 

DPLYMT INIT,INPUT, PRESET 

TCDATA ATMOD,FRUITA, 
INIT,STATS 

TCDATA ATMOD,FRUITA, 
INIT,STATS 

CAS ANTGAN, ATMOO, 
CIRCAS,DISINT, 
DISMOD,FRUITA, 
INTLI,TCSMOT, 
TSQUIT 

CAS ANTGAN, ATMOD, 
DISINT,DISMOD, 
FILES,FRUITA, 
INPUT,LOAD,STATS, 
TCAS1 ,TSTART 

WSHOUT ATMOD,INIT, 

If SHOUT ATMOD,INIT, 

If SHOUT ATMOD,INIT, 

WSHOUT ATMOD,INIT, 

ILMS INIT,INTLI 

ILMS INTLI,STATS 

UNITS 

-

INTERROGATIONS/ 
SECOND 

-

-

COL. 4: -
COL. 8: dBm 

-

-

-

-

SECONDS 

-

DESCRIPTION 

NUMBER OF MODE S 
AIRCRAFT IN THE 
DEPLOYMENT 

MODE S INTERROGATIONS 
DUE TO TCAS II M 
EMISSIONS (PER SECOND) 

MODE S SUPPRESSIONS 
DUE TO TCAS II M 
EMISSIONS (PER SECOND) 

TCAS II M AIRCRAFT 
IDENTITY 

TYPE OF EACH 
AIRCRAFT 

ANTENNA COUPLINGS 
BETWEEN TCAS II M 
AND ALL OTHER 
AIRCRAFT 

TCAS II M BACK ANTENNA 
WHISPER-SHOUT POWER 
INTERFERENCE-LIMITING 
PRIORITY SEQUENCE 

TCAS II M BOT!'OM ANTENN.O. 
WHISPER-SHOUT POWER 
INTERFERENCE LIMITING 
PRIORITY SEQUENCY 

TCAS II M FRONT ANTENNA 
WHISPER-SHOUT POWER 
INTERFERENCE LIMITING 
PRIORITY SEQUENCE 

TCAS II M SIDE ANTENNA 
WHISPER-SHOUT POWER 
INTERFERENCE LIMITING 
PRIORITY SEQUENCE 

16-SECOND FREEZE 
COUNTER 

INTERFERENCE LIMITING 
CONDITION INDICATOR 

I 

' 

tJ 
0 
8 

....... 
'tJ 
;1::' 
;1::' 

....... 
"0 
3: 
I 

OJ 
(J1 

....... 
N 
N 

;1::' 
'0 
'g 
::s 
0.. 
t-'· 
:>< 

;1::' 



;J:< 
I 

U1 

VARIABLE 
NAME 

IROL 

ITCA 

!TIME 

ITLAST 

ITOB 

!TRACK 

!TRILl 

ITRIL2 

ITRIL3 

ITRIL4 

NUMBER OF 
ELEMENTS 

10 

1 

1 

83,83 

100 

83,500 

6 

6 

6 

6 

LABELED 
COMMON 

TYPE BLOCK SUBROUTINES 

INTEGER RCACQ DISMOD, INIT 

INTEGER DPLYMT INIT,INPUT,PRESET 

INTEGER TEMP ATMOD,CIRCAS, 
DISINT,DISMOD,FILES, 
INIT,INTL1 ,LOAD, 
STATS,TCSMOT,TSQUIT 

INTEGER, TRAN INIT,TSQUIT 
PACKED 

INTEGER SINT DISINT,DISMOD,INIT 

INTEGER, SURV DISMOD,INIT,LOAD, 
INTEGER PRESET 

INTEGER RCACQ DISMOD,INIT 

INTEGER RCACQ DISMOD,INIT 

INTEGER RCACQ DISMOD,INIT 

INTEGER RCACQ DISMOD,INIT 

UNITS DESCRIPTION 

INTERROGATIONS MkXIMUM NUMBER OF 
INTERROGATIONS ALLOWED 
PER SECOND 'IQ AN AIRCRAFT 
IN THE ROLL-CALL STATE 

- NUMBER OF TCAS II M 
AIRCRAFT 

SECONDS SIMULATION CLOCK 
(ELAPSED TIME IN 
SIMULATION) 

- INDICATED WHETHER A TCAS II M 
AIRCRAFT liAS BEEN DETECTED BY 
SQUITTER (BIT 0) 

SECONDS TIME OF LAST RECEIVED SOUITTER 
(BITS 1: 10) 

- INDICATES WHETHER TCAS II M USED 
'IIJP OR BCTTOK ANTENNA 'IQ TRANSMIT 

- MODE S TRACK FILE 
- VICTIM IDENTIFICATION, BITS (0:9) 
- I CLOCK, (BITS 10:17) 
- !STATE, (BITS 1 8: 21 ) 
- !TRIAL, (BITS 22: 24) 
- KSCAN, (BITS 25: 28) 
- IBCT, (BITS 29) 

INTERROGATIONS MAXIMUM NUMBER OF INTERROGATIONS 
ALLOWED PER SCAN DURING FIRST 
ACQUISITION TRIAL 

INTERROGATIONS :~XIMUM NUMBER OF INTERROGATIONS 
ALLOWED PER SCAN DURING SECOND 
ACQUISITION TRIAL 

INTERROGATIONS MAXIMUM NUMBER OF INTERROGATIONS 
ALLOWED PER SCAN DURING THIRD 
ACQUISITION TRIAL 

INTERROGATIONS MAXIMUM NUMBER OF INTERROGATIONS 
ALLOWED PER SCAN DURING FOURTH 
ACQUISITION TRIAL 

I 

I 

! 

_j 

Cl 
0 
8 

........ 
"'l 
s; 

........ 
'1:1 
~ 
I 

00 
U1 

........ 
tv 
tv 

;J:< 
'0 
'g 
::l 
0.. 
1-'· 
X 

;J:< 



;J>I 
I 

0'1 

VARIABLE 
NAME 

,JSENS 

JTRANS 

K 

LPLUS 

MAQ 

MOOR 

MIS 

MROL 

MSQ 

NAC 

NOW 

NUAIR 

NULL 

NUMTCA 

-~------

NUMBER OF 
ELEMENTS 

NUAIR 

NUAIR 

1 

1 

1 

1 

NUAIR 

1 

1 

1 

83 

1 

1 

1 

--- --·-

'rYPE 

INTEGER 

INTEGER 

INTEGER 

INTEGER 

INTEGER 

INTEGER 

INTEGER 

INTEGER 

INTEGER 

INTEGER 

INTEGER 

INTEGER 

PARAMETER 

INTEGER 

INTEGER 

--

LAE 
COM 

BL 

SE 

TR 

SI 

SI 

RC 

RC 

MI 

RC 

RC 

CA 

ELED 
MON 
X:K 

s 

X 

T 

T 

ACQ 

ACQ 

AD 

ACQ 

ACQ 

S~l OO'IH 

RC •LACQ 

·rc AA 

SUBROUTINES 

ATMOD,DISINT,DISMOD 

FILES, FRUITA, INI'r, 
INTLI,PRESET, TCAS1, 
TRANSP 

ATMOD,DISINT,DISMOD 
FRUITA,INIT,INTLI, 
PRESET,STATS,TCSMOT, 
TRANSP 

DISMOD,INIT,TSQUIT 

DISINT,DISMOD,INIT 

DISMOD,INIT,STATS 

DISMOD,INIT,STATS 

DISINT,DISMOD, 
FILES,FRUITA,INIT, 
STATS 

DISMOD,INIT,STATS 

DISMOD,INIT,STATS 

ANTGAN, ATMOD, 
DISINT,FILES,FRUITA 
INPUT,LOAD,STATS, 
TCAS1 ,TSTART 

DISMOD,INIT,INTLI, 
STATS,TSQUIT 

ANTGAN,ATMOD, 

CIRCAS,DISINT,DISMOD, 
FILES,FRUITA,INIT, 
INPUT,INTLI,LOAD, 
NEWTHS,PRESET,STATS, 
TCAS1 ,TCSMOT,TRANSP, 
TSQUIT,TSTART,WSCONT, 
WSPOWE 

DIS MOD, INI'r, STATS 

C!RCAS,DISINT, 
DISMOD,FILES, !NIT, 
LOAD,PRESET,STATS, 
TSQIJIT, TSTART, TCSMUT 

~ I 'I l \' -; 

~i 1:.0:·\ 

MILLIWAI"l'S 

INTERROGATIONS 

MISADDRESSES/ 
SECOND 

DESCRIP·ri.'N 

SENSITIVITY LEVELS F<'!< 

ALL AIRCRAFT 

T'<ANSMISSION POWER LI'VFt." 
FOR ALL AIRCRAFT 

VICTI'I i'IIRCRAFT IllFNTIT\ 

NUMBF.R Or TCAS II M 
TRANSMISSIONS (PER SECO'I8\ 

ACQ'JISTION COlJNTF.R 

DORMANCY COUNTER 

'!ODE 5 '!ISADRESSES 
(PER SECO~lD) 

ROLL CALL COUNTER 

SQUITTER STATE COUNTER 

AIRCRAPT COUNTER 

NUMBER OF TCAS II M 
DETECTED BY SQ!JITTER, 
PER SECOND 

NUMBER OF .>.IRCRAFT 

IN DEPLOYMENT 

'lULL STATE COUNTER 

WHlBER OF TCAS II M 
A.IRCRAFT 

~ 

. ...; 
........ .,.. 
> > 

........ 

i 
I 

........ 
:-..: 
:-..: 

> -o -o 
I'll 
;::::! 
0.. ,.... 
X 

> 



:t:' 
I 

-..J 

' :t:' I 
co 

-- ---r--- ., 

VARIABLE 
NAME 

NWSL 

PAS BOT 

PAS TOP 

PREP 

RLAT 

RLON 

ROLSUM 

SESIT 

TCST 

TIS 

TJFILE 

TLAT 

TLON 

TPOW 

TPS 

UPRATE 

NUMBER OF 
ELEMENTS 

83 

19 

19 

NUAIR 

83 

83 

83 

NUAIR,8 

83 

NUAIR 

TYPE 

INTEGER 

REAL 

REAL 

REAL 

REAL 

REAL 

REAL 

REAL 

REAL 

REAL 

REAL, 
REAL 

REAL 

REAL 

REAL 

REAL 

RF.AL 

LABELED 
COMMON 

BLOCK 

ILWS 

ANTO 

ANTO 

TPREPL 

BBBEAR 

BBBEAR 

ROLACQ 

ADJSEN 

TRAN 

SMOOTH 

CAS 

BBBEAR 

BBBEAR 

LEVEL 

SMOOTH 

ONT 

aNUAIR is the number of aircraft in the deployment, 

SUBROUTINES 

DWRT,INTLI,ATMGO 

ANTGAN,INIT,TCAS1 

ANTGAN,INIT,TCAS1 

FRUITA,INIT,TSQUIT 

BEAR, LOAD, TCAS1 

BEAR, LOAD, TCAS 1 

DISMOD,INIT,STATS 

DISMOD,INTLI,PRESET 

INIT,TSQUIT,TSTART 

INIT,INTLI,TCSHOT 

ANTGAN,DISHOD,INPUT 
LOAD,PRESET,TCAS1 

BEAR,LOAD,TCASl 

BEAR,LOAD,TCAS1 

INIT,INTLI,STATS 

INIT,INTLI,TCSHOT 

DISINT,DISHOD,INIT 

UNITS 

dBi 

dBi 

RADIANS 

RADIANS 

dBrn 

SECONDS 

MILLIWATTS 

COL, 1 : RADIANS 
2: RADIANS 
3: FEET 
5: NMI/S 
6: NMI/S 
7: FT/S 

RADIANS 

RADIANS 

<1B 

DESCRIPTION 

NUMBER OF W-S LEVELS EACH TCAS II M l':>ES 

RECEIVING AIRCRAFT BOTTOM ANTENNA PATTERN 

RECEIVING AIRCRAFT TOP ANTENNA PATTE!'~ 

PROBABILITY Of REPLY 
FOR EACH AIRCRAFT 

VICTIM AIRCRAFT LATITUDE 

VICTIM AIRCRAFT LONGITUDE 

NUMBER OF AIRCRAFT IN ROLL-CALL 
STATE 

ADJUSTED TCAS II M 

SENSITIVITY LEVELS 

TCAS II M SQUITTER 
START TIME 

SMOOTHED EMISSION POWERS 

LATITUDE OF AIRCRAFT 
LONGITUDE OF AIRCRAFT 
ALTITUDE 
LONGITUDINAL VELOCITY (NORTH = +I 

LATITUDINAL VELOCITY (WEST = +) 

UPWARD VELOCITY 

TCAS II M LATITUDE 

TCAS II M LONGITUDE 

TOTAL WHISPER-SHOUT POWER RADIATED 

SMOOTHED INTERROGATION 
RATES (PER SECOND) 

TOTAL NUMBER OF 
INTERROGATIONS RECEIVED 
BY EACH AIRCRAFT 

0 
0 
>-3 
'
"] 

~ 
' 'I:! 
3: 
I 

co 
lJl 

'-
"' "' 

~ 
'0 
CD 
::s 
~ 
f-'· 
X 

:t:' 



DOT/FAA/PM-H5/22 Appendix R 

1\I'J>J·:NI> rx n 

'I'C/\:) :~I·:M I,TS'['[Nl, 

The following is a compiled ASCII F'ORTRAN listing of the TCAS SEM. The 

program segments appear in alphabetical order. 
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Appendix R 

••• ANTGAN .... 
iFTNrS B.ANTGANrANTGAN 
FTN 11R1 02/27/85-16:35(36,) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1. SUePOUTlNE ANTGAN 
7. ( 
J. ( THE PURPOSE OF THIS SUBROUTINE IS TO STORF ELEVATION ANTENNA PATTERNS 

SETWEEN TCAS AND VICTIM AIRCRAFT. 4. ( 
5. ( 
6. 
7. 
'1. 
9. 

10. 
11. 
12. 
1 3. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
1. 1 
2. I 
3.1 
4. I 
5.1 
6.1 
7. I 
8.1 
9.1 

1 O. I 
11 .t 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
3b. 
37. 
38. 
H. 
40. 
41. 
42. 
43. 
44. 
45. 
4~. 

( 

( 

c 
( 

( 

( 

( 

c 
c 
c 
( 

( 

c 
c 
c 
c 

c 

••••••••••••••••INPUTS I OUTPUTS 
COMMON ~LOCKS I VARIABLES 

INPUTS OUTPUTS 

ANTO I 
I PASBOT 
I PAS TOP 

ANTT I 
I ANT BOT 
I ANTTOP 

CAS I ICASFI 
I 11 

NAC 
TC.OATA I 1111 

INCLUDE AESTARTrLIST 
PARAMETER (NUAlA : 328) 

IJFILE 

•••••••••••••••••••••••••••••••• 
DESCRIPTIONS 

TCAS II M RECEIVING ANTENNA PATTERNS: 
BOTTbM ANTENNA 
TOP ANTENNA 

TCAS liM TRANSMITTING ANTENNA PATTERNS: 
BOTTOM UIHNNA 
TOP ANTENNA 

TCAS II M ENVIRONMENTAL FILE 
TC.AS II M IDENTITY 
ANTENNA PATTERN! BETWEEN TC.AS II M/VTM 
NUMBER OF AIRCRAFT IN DEPLOYMENT 
TCAS II M POINTER FILE 

C THE LOGICAL VARIABLE PAINT, WHEN FALSEr WILL SUPPRESS All WAITE 
C STATEMENTS IN THE MODEL. 
c 

LOGICAL PRINT 
DIMENSION TJFILE(NUAIR,8)r IJFILE(NUAIAr8), ICASFI(83rNUAIAr1) 
COMMON ITCDATAI I111(83), OENS(83), 

? IATIN(NUAIR), IATSUCNUAIR), IDABN(NUAIR), IDA8S(NUAIA) 
EQUIVALENCE (TJFILEriJFILE) 
COMMON /CAS/ ICASFir TJFILEr NAC, II, PAINT 
COMMONIINTT/ANTTOP(19),ANT80TC19) 
COMMDNIANTO/PASTOPC19),PAS80TC19) 
PARAMETER (R20 = 57.296) i CONVERTS ANGLES FROM RADIANS 

C TO DEGREES 

c 
C HAVE A TCAS AIRCRAFT. 
c 

IH = 1111(11) 
ALT1 = TJFILECIH,J)/6076.0 i ALTITUDE OF TCAS AIC IN 

C NAUTICAL MILES 
DO 201 K=1rNAC i COMPUTE ANTENNA COUPLING 

C (ELEVATION PATTERNS) 
IF(IH.EQ.K)GO TO 201 i DON'T 00 COUPLING CALCULATIONS 

C OF A/C WITH ITSfLF 
If(ICASFI(llrKr1l.EQ.OJGO TO 201 i SKIP IF AIC OUT OF RANGE 
ALT2 ; TJFILE(K,3)16076.0 i ALTITUDE OF ViCTIM A/C 

C IN NAUTICAL MILES 
C = FLD(00rOQ,tCASFI(llrKr1))110.~ SLANT RANGE efTWEEN TCAS IIH & YICTM 
o ; (ALT1 - ALT2) i OIFFERENCt IN ALTITUCES IN 

( NAUTICAL HILES 
OIST = S~RT(C•C - S*R) i HORIZONTAL DISTANCE BET~EEN AIC 
APG = :l(IJ(Sl 
THtl = (ATAN(ARG))op~~ i VERTICAL ANGLE (OfGREES) 
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••• ANTGAN 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
H. 
56. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
61. 
68. 
69. 
70. 
71. 

c 

c 
c 
c 
c 

.... 
TH£TA1 : A8S((THET+90.J/10.) 
ITH1 = THETA1 + 1 
THETA2 z ABSCCTHET - 90.)/10.) 

r>.ppenchx B 

SEPARATING AIC 

ITH2 = THETA2 + 1 i COMPUTE ANTENNA COUPLINGS. 
GN1 z ANTTOP(tTH1) + ((THETA1+1) i TCAS liM TOP ANTENNA GAIN 

? - FLOATCITH1JJ•(ANTTOP(ITH1+1) - ANTTOPCITH1)) 
GN2 = PAS80T(ITH2) + ((THETA2+1) a VICTIM BOTTOM ANTENNA GAIN 

? - FLOAT(ITH2)J•CPAS80TCITH2+1) - PASBOT(ITH2)) 
GHJ • ANT80T(ITH1) + ((THETA1+1) i TCAS liM BOTTOM ANTENNA GAIN 

? - FLOATCITH1))1o(ANTBOTCITH1+1) - ANTBOT(ITH1)) 
GN4 • PASTOP(ITH2) + ((THETA2+1) a VICTIM TOP ANTENNA GAIN 

? - FLOATCITH2})•CPASTOPCITH2+1) - PASTDPCITH2)) 
P z FLDC17,10,ICASFICII,K,1)) a TCAS II~ POWER 

STORE COUTPLINGS AS INTEGER VALUES. THE SYSTEM FUNCTION, IFIX, BELOW, 
CONVERTS THE FLOATING POINT NUMBERS TO INTEGERS FOR STORAGE. 

FLOCOO,Q9,IJFILE(K,8)) • IFIXCGN1•10.) 
FLO(Q9,Q9,IJFILE(K,8)) • IFIXCGN2•10.) 
FL0(18,Q9,IJFILE(K,8)) • IFIXCGN3•10.) 
FLDC27,Q9,IJFILE(K,8)) • IFIXCGN4•10.) 

201 CONTINUE 
RETURN 
END 

END FTN 247 IBANK 67 DRANK 11405 COMMON 
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DOT I 1•'1\1\fl-'M-H') /22 Appendix B 

... ASP INT ... 
~FTN,S A.ASPINT,A.ASPINT 
FTN 11~11R1A OSI3016S-1~:14(4,) 

1 
l 
2 
2 
2 
l 
l 
l. 
l 
2 
l 
2 
l 
l 
l 
l 
l 
2 
l 
l. 
2 
2 
2 
l 
2 
2 
l. 

1. SU8k0UTINE &~PINT a ATCRBS SUN POWER INITIALIZE 
2. * 
3. * THIS SUBROUTINE INITIALIZE THE ARRAY CONTAINING THE TOTAL RADIATE POWER 
4. * FNOH N W-S PO~ER LEVELS IN ~&TTS 

5. * 
b. * ********************** INPUTS I OUTPUTS *********************** 
7. 
8. 
9. 

1 o. 
11. 
12. 
n. 
14. 
1S. 
16. 
17. 
1ij. 
19. 
20. 
21. 
22. 
l~. 
~4. 

25. 
26. 
27. 
l8. 
29. 
~0. 

31. 
32. 
n. 
34. 
55. 
36. 
37. 
3d. 
39. 
40. 
41. 
42. 
4 3. 
44. 
4S. 
4~. 

47. 
<tl:l. 
49. 
50. 
~ 1 • 
~2. 
')~. 

!>4. 
!>~. 

~~~-
~7. 

• 
• 
• 
* • 
• 
* 

• 

• 
• 
• 
• 
• 
* 
* 

COMMON BlOtlS I VARIABLES 
INPUTS OUTPUTS DESCRIPTION 

IlHS I ATSUHP TOTAl RADIATED FROM N W-S LEVELS 

INCLUDE ILKS 

DEFINE SUH(N) = (ONEDB**N - 1)1(0NEOH -1) 
DEFINE SUHB(N) = CTWOOB•*N - 1)/(TWOOB -1) 

ONE08 & 10.••(.1) 
TWOOB s 10.••(.2) 
PTOPLO s 1Q.oo(( 26. -30.)110.) 
P80Tl0 a 10.••<< JO. -J0.)/10.) 
ATSUNP(O) : 0. 

LOOP OVER ALL 83 w-s LEVELS 

il OtfiNE 1 08 
il DEFINE 2 08 
il 26 OBN -30 ~6 TO GET WATTS 
a 30 OBN -10 DB TO GET WATTS 

DETERMINE I OF W-S lEVElS SENT ON THE TOP (FRONT, 2 SIDES, &NO BACK) 
AND BOTTON ANTENNAS 

IF( IPRI .LE. 63) THEN 
NFRNT a 24 - CJPRJ + 2)14 
NRSIUE 20 - (JPRJ + 1)/4 
NlSIOE = 20 - (IPRI)/4 
N8ACK = 15 - (JPRI - 1)/4 
NIIOT = 4 

ElSE lFC JPRI .LE. 7S) THEN 
NFRNT 29- (JPRJ + 1)/J 
NRSiuE = 2) - (lPRJ)/J 
NLSIOE = 25 - (IPRI - 1)/l 
NBACK = 0 
NBOT = 4 

ElSE If( IPRI .LE. 80) THE' 
NFRNT 80 - JPRI 
NRSIOE " 0 
NLSIOE 0 
N8ACK 0 
NaOT "' 4 

0 
0 
0 
0 

El~f 

NFRNT 
NRSIOE 
NLSIOE 
HaACK 
N!IOT 84 -[Pill 

END IF 

COMPUTE ATSUNP IN WAfTS USING THE PROPERTIES JF A GEONETERIC PROG 
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... 4SPINI 

~~~. 

60. 
o1. 
o2. 
c.3. 
64. 

10 

Appendix B 

. .. 
ATSU~P(~~-!P~l) = PTOPLU•( SUM(NFRNT) + SUM(NRSIOE) + 

2 SUM(NL~lOEI • SUMCN~ACK) ) + PBOTLO*( SUM8(N80T) ) 

CONTI NUt 
liE TURN 
I: NO 

END FTN 177 ISANK 47 OBANK 135 COMMON 

iHOG,P *** ANTGAN .... 
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. . . AIMvO ... 
• FIN.~ A.AIMQ~,A.ATHUO 
FIN 11W11~ll 0J/JQ/1)-1,:1•(~U,) 

1. S•l8W!lUT[Nl 
z. c 
J. L 
4. c 
s. c 
1>. c 
1. c 
8. c 
9. c 

1J. c 
11. c 
12. c 
n. c 
14. c 
15. c 
lo. C 
17. c 
lB. c 
19. c 
20. c 
~1. c 
a. c 
25. c 
24. c 
~s. c 
26. c 
i!.7. c 
28. c 
29. c 
.ll). c 
31. c 
52. c 
n. 
1. I 
2.I 
~.I 

4.I 
5.1 
o.I 
7. I 
~.I 

c 
c 
c 
c 

9. I * 
10. I 
11. I 
12. I 
n. I 
14.1 
j4. 
1. I 

.l5. 
1. I 
2.1 

.lb. 
1. I 
2.! 

H. 
1. [ 

THIS SUB~uUTINE O~TfRMINE~ THE EFFtCTS OF TCAS WHISPER - SHOUT 
INTERRU~AT!ON\ AT All AIRCRAFT. 

••••••••••••••••• INPUTS I OUTPUTS 

COMMON BLOCKS I VAR!Atili:S 
INPUTS OUTPUTS 

ANTENN 

CAS 

AZPAT 
OIFPAT 

I IC.ASfl 
II 
IJFILE 
NAC 

HNS I 
TCOATA I 

HENS 
1111 
lATIN 
UTSU 
I DARN 
IOABS 

TEMP 
TIIAK 
ILHS 
WSHOUT 

I ITIM~ 

I 
I 
I 

JTI<ANS 
NWSL 
IPRd 
IPRilO 
IPRF 
IPRS 

INCLUDE RESTARToliST 
PARAMETER CNUAIR = 74J) 

IAT IN 
lATSU 
IDA8N 
I DABS 

************************************** 

UESCRIPUON 

SUM PATTERNS OF TCAS II H TOP ANTENNAS 
DIFFERENCE PATTERNS OF TCAS I1 M BOTTOM 

ANTENNAS 
TCAS II H ENVIRONMENTAL FILE 
TCAS II M IDENTITY 
ANTENNA COUPLINGS BETWEEN TCAS AND VCTM 
NUMdER OF AIRCRAFT IN DEPLOYMENT 
SENSITIVITY LEVEL OF ALL AIRCRAFT 
TCAS II M POINTER 
TCAS II M INTERROGATIONS TO ATCRBS 
TCAS II M-PROOUCEO ATCRBS SUPPRESSIONS 
TCAS II M INTERROGATIONS TO MODE S 
TCAS II M-PROOUCED MODE S SUPPRESSIONS 
ELAPSI'O TIME 
TRANSMISSION POWER LEVELS OF ALL A/C 
I OF W-S LEVELS SENT 
ANTENNA PATTERNS: BACK ANTENNA 

80T TOH ANTENNA 
FRONT ANTENNA 
SIDE ANTENNAS 

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

LOGICAL PDISHO,PINTLioPTCSHT•PATHODoPDISINoPFILESoPFRUIToPSTATS 
COMMON /PRTJL/ POISHOoPINTLioPTCSHT,PATHODoPDISIN,PFILES,PFRUIT• 

l PSTAT!> 

DIMENSION JJF!LECNUAIR,d), 14FILECNUAIR,8)o ICASFI(8l,NUAIRo1) 
C.OHHON /TCDATA/ 1111C33)r DENSC8J), 

? IATINCNUAIR>o IATSU(NUAIR), IDABNCNUAIR), IOABSCNUAIR) 
EQUIVALENCE CTJFILErlJflLE) 
COMMON /CAS/ ICASFio TJFILE, NAC, II, PRINT 
INCLUDE ANTENNoLlST 

COMMON /ANTENN/ AZPATCl6), OIFPAT(lb) 
INCLU~f ILHS,LIST 

COMMON /ILHS/ NWSL(~l)o AMSPC83), IRESETC81), ATSUHPC0:83), 
IRETR,, TPO~ 

INCLUDE WSHOUToliST 
CuMMQN /W~MOUT/ 1PRFC24), IPRS(4Q), IPR8(1~), IPR80T(4), 

1 IPOWF(Z4lo IPOWSC41)o lPOW&C15), IPOW80(4) 
INCLUuf TtMPoliST 

COMMON /TEMP/ ITIME 
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*** ATHJil 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

l 
2 
l 
2 
2 
2 
2 
2 
~ 
4 

~~-
1.1 

j'i. 
1. ( 

40. 
41. 
42. 
-.3. 
44. c 
~5. 
41>. 
47. 
4~. 

49. 
~0. 
51. 
52. 
'>3. 
54. 
55. 
~6. 

H. 
51l. 
59. 
60. 
o1. 
o2. 
63. 
64. 
6). 
66. 
67. 
1')8. 
t>9. 
70. 
71. 
72. 
n. 
74. 
75. 
71>. 
77. 
7~. 
7'1. 
80. 
~1. 

BZ. 
!H. 
~4. 

as. 
~6. 

87. 
~~~-
!19. 
90. 
vl • 
'12. 
y }. 
~4. 

c 
c 
c 

c 
c 

c 

c 

c 

c 
c 
c 
c 
c 

INLLU~f lkAX,LIST 
CUHHON /T~AX/ JT~ANS(NUAIR) 

INCLUOt SfN~,LI~T 

COMMON /SfN~/ JStNSCNUAIR) 
INTEi>ER SA 
OIMtiiiSION NUM(S) 
DEFINE FLO ((,J,~) • ~ITS(K, I + 1, J) 
DATA CNUM([),I • 1, 5) /4, 24, zo, 15, 20/ 

SA ~ 1111(11) 
00 200 IJ • 1, NAC 

Appendix B 

IF CICA~fi(II,IJ,l).EQ.O) CO TO 200 i SliP IF A/C IS OUT OF RANGE 
KTYP = fLO(J4,2,ICASfl(l[,IJ,l)) 

BR IS RELATIVE BEARING BETWEEN TCAS II M AND VICTIM AIRCRAFT 
THE FACTOK Of 57.296 CONVERTS THE ANGLE FROM RADI~NS TO DEGREES. 

8R • (FL0(9,d,ItASfl(JI,IJ,1))/40.)•57.296 
SEN = JSENSCJJ) i SENSITIVITY Of VICTIM A/C 

ANTENNA COUPLINGS (ELEVATION PATTERN) 
IGN1 (FLD(Q0,09,IJFILECIJ,$))•(2••27)) 
IGN1 • IGN1/C2••27) 
1GN2 • (FLO(Q9,t)9,[JfiLE(IJ,8))•CZ••27)) 
IGNZ IGN2/(2••27) 
IGN3 = (FL0(1S,09,[JF1LE(IJ,8))*(2**27)) 
IGN3 1GN3/Cl••27> 
lGN4 • (FLOC27,Q9,IJflLE(IJ,8))*(Z*•27)) 
IGN4 = IGN4/Cl••27) 
GNl FLOAT(IGN1)/10.+4.7+6.0-4.1 i ADJUSTMENT OF TCAS TOP ANTEMNA 
GN2 = flOATCIGNZl/10. 
GN3 : fLOATCIGNJ)/10.+4.7+6.0-4.1 i ADJUSTMENT OF TCAS BOTTON ANTENNA 
GN4 = FLOAT(IGN4) I 10. 
IPOW = FLOC17,1Q,ICASFI(II,IJ•1)) i FREE SPACE POWER BETWEEN TCAS liN 

AND VICTIM AIRCRAFT. 
POW = IPOW 
&TRANS = ~TRANS(SAl/1 000 000. 

ADJUSTED POwER: 
POW • -(POW/10~) + 1D.*ALOG10CATRANSl 
IF (POW.LT.-84.) GO TO 200 

- 2.796 - J.O 

GV = GNZ 
IF ((GN4.GT.GNZ).ANO.CKTYP.NE.0)) 
MSEC = INT(RR I 10. + 0.5) + 1 

00 1007 KP = 1, S 

If (H~EC.GT.36) HSEC = 36 
If (M~EC.LT.C) HSEC= MSEC t 36 
If (HStC.E~.Q) MSEC = 1 
SHIFT = -AZPATCMS~C) 
OiflfT = -OIFPAT(MSEt) 
IF (KP.NE.1) MSEC = MSEC- 9 
ISKIP = 3 
00 111 IATT = 1, NUM(KP) 

If (KP.EQ.1) THEN 
IMAX = IPkBOT (lATT) 

B-7 

GV "' GN4 
i INTEGER Of SECTOR DEFINED BETWEEN 

TCAS II M AND VICTIM AIRCRAFT. 
• DEFINES 90 DEGREE CUTS: 

KP = 1 IS BOTTOM FRONT ANTENNA 
2 IS TOP FRONT ANTENNA 
3 IS RIGHT SIDE 
4 IS 8ACl 
5 IS LEFT SIDE 

i SUM PATTeRN - GIVEN SECTOR. 
i DIFFERENCE PATTERN - GIVEN SECTOR 
i HOVE 90 DEGREE SECTOR. 
i 3 08 FOR W-S SEQUENCE. 
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••• ATMOO 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
.s 
3 
5 
l 
1 
l 
3 , 
l 
5 
j 

3 
3 
3 
.s 
.s 
4 
4 
) 

5 
6 
0 

6 
6 
5 
) 

5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 
4 
4 
5 
0 

0 
6 
6 
5 

\15. 
~6. 

97. 
'1!!. 
99. 

1 OJ. 
101. 
102. 
11H. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
111. 
112. 
113. 
114. 
11 5. 
116. 
117. 
11~. 

119. 
120. 
121. 
122. 
123. 
1~4. 

1<!5. 
126. 
1.l7. 
128. 
1<'9. 
no. 
131. 
HZ. 
lll. 
1 H. 
1 .15. 
06. 
1 l7. 
1 .S8. 
139. 
140. 
141. 
142. 
14 3. 
144. 
145. 
14o. 
147. 
litd. 
14?. 
1;0. 
151. 
1'>2. 
1;3. 

c 
c 

c 

c 

1 
999 

tlS[ IF (KP.l~.~) THEN 
!MAX ~ IPRf (!All) 

El~t IF (KP.cQ.J) THEN 
IMAK ~ IP~S (IATT•Z) 

ElSE IF (KP.t~.4) THEN 
!MAX s IPqs CIATT> 

HH 
[MAX : IPRS ([ATT•2 t 1) 

END lf 

Appendix B 

CHECK TO SEf IF NUMBER OF LEVELS CUT EXCEEDS PRIORITY LEVEL: 
If (IMAX .lE. 83-NWSl(II)) GO TO 111 
ATTtNI a 24 - IATT i TOTAl ATTENTUATION. 
PW~l a POW - ATTENI i INTERROGATION POWER. 
PWR) = PWRI - 1*1SliP i SUPPRESSION POWER. 
If (lATT.EQ.l) PWRS a -100. i fiRST INT. SUPPRESSION IS MADE 

AT A lOWER POWER LEVEL 
ISKIP " ISliP - 1 i SUPPRESSION DOWN COUNTER. 
If (ISKIP.LT.1) ISliP = 3 
IF ((ISK1P.Li.1).ANO.(KTYP.EQ.0)) ISliP • l 
GNCDUP s GN1 + GV 
IF (KP.EQ.1) GNCOUP = GNS+GV 
SMPWRI • PWRI +SHIFT +GNCOUP 
DfPWRI " PWRI +DIFIFT +GNCOUP 
~MPWRS a PWNS +SHIFT + GNCDUP 
OMPIIRI "' 0. 
If (KP.EQ.1) THEN 

OHPWRI = POW + GNCOUP 
IF (1ATT.EQ.1) THEN 

OHPWRI • OMPWRI - 19 
IF (KTYP.lQ.O) THEN 

OMPWRS = -110 
ELSE 

OHPWRS • -100 
END If 

~LSE If (IATT.EQ.2)THEN 
OMPWRI • OHPWRI - 17 
OHPWR~ a OHPWRI - 3.0 

ELSE IF (IATT.EQ.l) THEN 
OHPWRI a OHPWKI - 1S 
OHPWRS = DMPWRI - 3.0 

eLSe IF (IATT.EQ.4) THEN 
OMPWRI 2 OMPWRI - 13 
OHPWR) 2 OHPWAI - l.O 

END IF 
OFPWAI O. 
SHPWRI .: 0. 
SHPWRS = 0. 

IF ( PATMOO) 

• 

i ANTENNA COUPLINGS BETWEEN 
i TCAS II H AND VICTIM AIRCRAFT 
i INTERROGATION SUM POWER. 
i INTERROGATION DIFFERENCE POWER 
i SUPPRESSION SUM POWER • 

i INTERROGATIONS ON OMNI. 
i ADJUST INTERRO~ATlON POWER 

WRITE(•,999) [J,BR,KP,HSEC,OMP.WRt,OMPWRS,SEN 
FORMAT( 1 AfMDO: FHT 999 •,ts,zx,F10.3,5X,ZCI5,5X),}(F10.3,5X)) 

If (OHPWR~.GE.SEN) THeN a COUNT SUPPRESSIONS 
If (KTJP.NE.O) THEN 

IDA8S(1J) = lOABS(IJ) + 1 
ELSE 

lATSU(IJ).• IATSU(IJ) + 1 
END IF 

ElSE IF (OMPWRI.Ge.SEN) THEN 
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.,.. Al"'!lJ 

t. 
(l 

(l 

6 
5 
4 

" 4 
4 

" 5 
b 
6 
(l 

6 
~ 

5 
> 
(l 

6 
6 
6 
) 

4 
3 
l. 
l. 
1 
1 
1 
1 
1 
1 
1 

h4. 
1 's. 
1)6. 
1'.7. 
1 5 H. 
1 S9. 
1 <'10. 
1o1. 
16~. 
1.:>J. 
164. 
165. 
1 o6. 
167. 
to~. 
1o9. 
Hu. 
171. 
172. 
tn. 
174. 
17S. 
1 76. 
177. 
1711. 
179. 
1d0. 
1 d1. 
11!2. 
1 ~3. 
1d4. 
185. 
106. 
1!17. 
1dR. 
11111. 
1'10. 
191. 
1n. 

I~ (~IYP .lQ.O) IHfN • COUNI INTERRObATIONS 
IATIN(lJ) ~ lATIN(IJ) + 1 

fLSt 
IOA8N( IJ) .z lOABN(IJ) + 1 

fND IF 
tNU IF 

HSE 
IF ( PATI'IOD) 

1 WRITE (•,99~) IJ,&R,KP,M~eC,SMPWRI,SMPWRS,SEN,OFPWRI 
998 FORMAT(' FMT 996 •,tJ,2X,F1Q.l,SX,2CIS,5X),4(F10.3,5X)) 

. IF (SMPWRS.&E.SEN) THEN i COUNT SUM SUPPRESSIONS 
IF (KTYP.EQ.Q) THEN 

llTSU(lJ) ~ IATSU(IJ) + 1 
ELSE 

IDAdS((J) ~ IDABS(IJ) + 1 
END If' 

fLSE IF ((SMPWAI.GT.DFPWRI).ANO.CSMPWRI.GE.SEN)) THEN 
C COUNT SUM INTERROGATIONS . 

• 

IF (lTYP.NE.Q) THEN 
IOABN(lJ) ~ IOA8N(IJ) + 1 

ELSE 
IATIN(IJ) : IATINCIJ) + 1 

ENO IF 
END IF 

END If 
111 CONTINUE 

1007 CONTINUE 

ITOT z IAT~U((J) + IUA8SCIJ) + 1Dl8N(IJ) + IATIN(IJ) 
C IF( (TOT .GT. 0)~RITt(6,16)([,(J,lATSU(IJ),IOA8S(lJ),JOA8N(IJ) 
C 2 ,IATIN(IJ) 
16 fORMAT(' ATI'IOD: II IJ ATSU DAIS DA8N ATIN •,615) 
* 

* 

* c 

200 CONT INUf. 

RETURN 

DEBUG INIT(IATSU,IOA8S,IDA8N,IATIN) 
eND 

ENU FTN 59/ I8ANl 197 D~ANK 7l~21 COMMON 

BEAR *** 
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*** BEAR *** 
aFTN,S 8.BEAR,8EAR 
FTN 11R1 Ol/27/85-16:35(19,) 

1. SUBROUTINE BEAR 
2. c 
J. C CALCULATES HORIZONTAL DISTANCE IN NMI AND ANGLE IN RADIANS BETWEEN TCAS 
4. C AND VICTIM AIRCRAFT. 
5. c 
6. COMMON/BBBEAR/TLAT,TLON,RLAT,RLON,OIST,BEARTX 
7. c 
8. C RADIUS ~F THE EARTH IN NMI: 
9. RADIUS = 3441.0 

10. c 
11. C DIFFERENCE IN LATITUDES AND LONGITUDES OF TWO AIRCRAFT IN RADIANS: 
12. OLAT = TLAT - RLAT 
13. DlON = TLON - RLON 
14. c 
15. C COSINE OF THE AVERAGE LATITUDE (SCALING FACTOR FOR LONGITUDE) 
16. CS s COS <0.5•ULAT + TLAT)) 
17. c 
18. C SCALED DIFFERENCE IN LONGITUDES: 
19. DLON z DLDN•CS 
20. c 
21. C DISTANCE BETWEEN TWO AIRCRAFT IN NMI CALCULATED USING THE PYTHAGOREAN 
22. C THEOREM: 
23. OIST a RADIUS * SQRTCDLAT•DLAT + DLON•DLON) 
24. c 
25. C CHfCK DIFFERENCE IN LONGITUDES TO PREVENT DIVISION BY ZERO IN THE 
26. C BEARING CALCULATION: 
27. IF ( ABS(OlON*RADIUS) .LT. 0.001) DLON • 0.001/RlDIUS 
28. c 
29. C CALCULATE THE ANGLE BETWEEN THE TWO AIRCRAFT: 
30. BEARTX = AlAN <-DLAT/OLON) 
31. c 
32. C ADJUST THE AXIS: 
33. BEARTX • -BEARTX + 1.5707964 
34. c 
J5. C MAKE SURE THAT THE ANGLE IS GIVEN AS A POSITIVE VALUE: 
36. IF CDLON.LE.O.O) BEARTX • BEARTX + 3.1415927 
37. c 
J8. RETURN 
39. END 

END FTN 83 IBANK 35 DBANK 6 COMMON 
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... (.1 RCA) ... 
iFT~,S A.CIRCAS,A.CIRCA> 
FT~ 11W11P1A OS/3)/8S-H:14(11,) 

1. (. 
l. C THI~ HODULt IS THt DRIVER fOR THE TCAS SIGNAL ENVIRONMENT HODEL. IT 
l. C SPeCIFICAllY ACCt)SlS SUbROUTINES THAT: 
4. C 1. LOAD AIRCRAFT FILES 
S. C 2. SET TRANSPONDER CHARACTERISTICS 
6. C 3. SCHEDULE TCAS II H EMISSIONS 
7. C 4. COMPUTE TCAS EFFECTS 
1!. c 
9. c 

10. INCLUDE RESTART,LIST 
11. * 
1.1 PARAMETER (NUAIR ~ 745l 
2.I C 
J. I C 
4.1 c 
'S.I C 
6.I 
f • I 
I!. I 
9.1 • 

11J. I 
11. I 
12. I 
13. I 
14. I 
12. 
1. I 

11. 
1. I 

14. 
1. I 

I 5. 
1. I 

16. 
17. c 
111. c 
19. c 
20. c 
l1. * 
lZ. * 
lj. 
c!4. 
l'5. 
~6. 15 
21. l5 
Zd. 
29. 
:so. * 
31. 
~2. 

.15. 
34. 
35. 
56. 
H. 

THE LOGICAL VARIA~LE PRINT, WHEN fAlSt, Will SUPPRESS All WRITE 
STATEMENTS IN THE MODEL. 

LOGICAl Pu!SMQ,PINTLI,PTCSMT,PATMOO,POISIN,PfilES,PFRUITrPSTATS 
COMMON /PRTdL/ POISHO,PINTLirPTCSMT,PATMOOrPOISIN•PFILES•PFRUIT• 

2 PSTATS 

DIMENSION TJFILE(NUAIR,8), IJFILE(NUAIRr8), ICASF1(83,NUAIRr1) 
COMMON /TCOATA/ 1111(.H), DENS(83), 

? IATIN(NUAIR), lATSU(NOAIR), IDABN(NOAIR), IDABS(NOAIR) 
E~UIVALENCt (JJFILE,IJFILE) 
COMMON /CAS/ ICASF[, TJFILEr NAC, II, PRINT 
INCLUDE 868EAR•LIST 

COMMON /8d8EAR/ TLAT• TLONr RLAT• RlQN, DISTr BEARTl 
I~CLUDE OPLYHT,LIST 

COMMON /uPLYMT/ IATCR, IDA8r ITCAr RATIO 
INCLUDE TCAArliST 

COMMON /TCAA/ NUMTCA 
INCLUDE TEMP,LIST 

COMMON /TEMP/ ITIME 
LOGICAL T1 

LOADS FILES, SETS INITIAL CONDITIONS, COMPUTES NEAR TIME-INDEPENDENT 
TCAS I EFFECTS 

READ IN PRINT OPTIONS FROM 1ST liNE OF FILE 7. 

REAOC7r15liSIMT,~ATIO,T1rPOlSHD,PINTLlrPTCSMT,PATMDD,PDISINr 

2 PFIL~S• PFRUIT 
WRITE(6,Z5) T1,POI~MO,PINTLI4PTCSHT,PATHDOrPDISIN,PFILESrPFRUIT 
FORMATCIJ,1X,F5.0,1X,S(L1r1X) ) 
FORMAT(' DPTIONS; 1 ,d(1XrL1r1X),/) 

WKITE(o,•>' TrlE TOTAL SIMUATIDN TIME ~•,ISIMT•' RAT10• 1 rRATIO 

CALL INIT 
CALL oUPI~T 

CALL INPUT 
CALL TRANSP 
CALL TSTART 

CALL LOAD 

B-11 

i l~ITIALIZE ALL COMMON VARIABLES 
i INITIALIZE ATCRBS SUM POWER ARRAY 
i lOAD AIRCRAFT FILE AND RATES 
i LOAD A/C EMMISIDN CHARACTERISTICS 
a SET TCAS II H SQUITTER PHASE 

i lOAD TCAS TABLES 
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*** CIRCA:> *** 

1 
1 
1 
1 
1 
1 
1 
l. 
2 
2 
2 
2 
l. 
l. 
l. 
2 
2 
2 
l. 
2 
2 
l. 
2 
2 
z 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 

40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
45. 
49. 
so. 
51. 
52. 
51. 
54. 
~5. 
56. 
57. 
511. 
59. 
60. 
11)1. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
19. 
110. 
81. 
82. 
83. 
84. 
85. 
86. 

CALL PRESET 
IF CT1) CALL TCAS1 

c 

i 4PPPROXIMATE INTERFERENCE EFFECTS 
i COMPUTE TCAS I EFFECTS 

C THE FOLLOWIN~ LOOP CALCULATES TCAS II M TIME-DEPENDENT EFFECTS 
c 

00 1000 ITIME a 1,ISIMT i SIMULATION CLOCl 
C MOVE AND RELOAD TC4S II M TABLES ~YERJ 40 SECONDS 

IFCMODCITIM~,40).E~.0) CALL LOAD 
* c 

c 
c 
c 

c 
c 
c 

c 

c 
c 
c 

c 
c 

c 
c 

c 
c 
c 
c 

* 
* 

c 

DO 6 II • 1, NUMTCA i COMPUTE TCAS II EFFECTS (II IS TCAS 10) 

l040 TOP AND 5DTTOM ANTENNA COUPLINGS BETWEEN TCAS II M AND ALL 
OTHER AIRCRAFT. 

CALL ANT~AN 

COMPUTE FRUIT RATE AT TCAS II M EYERJ 20 SECONDS. FRUIT RATES ARE 
USED TO UETERMINE EFFECTS ON DETECTION PERFORMANCE. 

If ( (ITIHE.EQ~1) .OR. CMOOCITIME,l.O) .EQ. 0) ) CALL FRUITA 

CALL OISMOO (lPLUS1) 

COMPUTE SMOOTH VALUES Of TCAS II M INTERROGATION RATES AND 
TRANSMISSION POWER LEVELS. 

CAll TCSMOT 

COMPUTE MODE S EFFECTS 
IF (LPLUS1.NE.O) CALL OISINT 

COMPUTE WHISPER-SHOUT EFFECTS FROM TCAS II M TO All OTHER AIRCRAFT 
IF CCITIME.EQ.1).0R.CMOOCtTIME,40).EQ.0)) CALL ATMOO 

ADJUST TCAS II M CHARACTERISTICS TO SATISFY INTERFERENCE-LINITING 
INEQUALITIES 

IF CITIME .GE. 5) CALL INTLI 

CALL SlATS(' CtRCAS') 

6 CONTINUE 

1000 CONTINUE 
c • C CALL FILES 

~ND 
i LOAD RATE FILES FOR ATC MODEL. 

END FTN 1j4 IBANl 105 DBANl 70774 COMMON 

iHOIO,P *** CNYRT *** 

B-12 
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*** CNVIIT "** 
iFTN,S B.CNVRT,CNVRT 
FTN 11R1 02/27/85-~6:35(10,) 

1 
1 
1 
1 
1 
1 

1. SUBROUTINE CNVRT (K) 
2. c 
J. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
tz. 
13. 
14. 
1 s. 
16. 
17. 

c 
c 
c 
c 
c 

THlS SUBROUTINE DETERMINES THE AIRCRAFT TYPES 
• ·=o 
'DABS'"'' 
1 TCAS 1 =l 

DEFINE FLOCI,J,K) • 8ITS(K,I+1,J) 
IF CFL0(0,6,K).EQ.9) THEN II NODE S 

1(•1 
EL SF IF 

K=J 
ELSE 

I(:Q 

END IF 
RETURN 
END 

((FLO(Q,6,K).EQ.25).0R.CFLO(Q,6,K).EQ.7)) THEN 
iii TCAS II N 
iii ATCRBS 

END FTN 44 IBANK 12 DBlNK 
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••• 01SINT ••• 
aFTN,S 8.0151NT,OIS1NT 
FTN 11R1 02127185-16:35(61,) 

1. SUBROUTINE OISINT 
2. c 
3. c 
4. c 
5. c 
6. c 
7. c 
8. c 
9. c 

1 o. c 
11. c 
H. C 
n. c 
14. c 
15. c 
16. c 
17. c 
18. c 
19. c 
20. c 
21. c 
22. c 
23. c· 
24. c 
25. c 
26. c 
27. c 
211. c 
29. c 
30. c 
31. c 
32. 
1.1 
2.1 
3.1 
4.1 
5.1 
6.I 
7.1 
B. I 
9.1 

10. I 
11.I 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
4'i. 
46. 

c 
c 
c 
c 

c 

THE PURPOSE OF THIS SUB~OUTINE IS TO CQMPUTE MISADDRESSED RATES AND 
ADDRESSED RATES AT EACH AIRCRAFT. 

****************INPUTS I OUTPUTS 

COM..Otl BlOCKS I VAlUABlES 
INPUTS OUTPUTS 

ATE 

CSA 

DPLYMT 
1LMS 
MISAO 
DNT 

SENS 
SETA 
SINT 

TCU 
TCDAU 
TEMP 
TRAil 

I ORATE 

I II 

I 
I 
I 
I 

I 
I 
I 

NAt 
UTCR 
lMSP 
MIS 
DINTRT 
UPRITE 
JSENS 

ITOB 

LPLUS 
I NUMTCA 
I 1111 
I ITIME 
I JTRANS 

JSENS 

INCLUDE RESTART,LIST 
PARAMETER (NUAlA • 328) 

MIS 
DINTRT 
UPRATE 

lORESS 

•••••••••••••••••••••••••••••••• 

DESCRIPTIONS 

TOTAL INTERROGATIONS RECEIVED 
BY EACH TCIS 11 M 

TCIS II M IDENTITY 
NUMBER OF AIRCRAFT IN DEPLOYMENT 
NUMBER OF lTCR~S AIRCRAFT 
ADJUSTED TCAS II M EMISSION POWER 
MISAOORESSES AT EACH AIRCRAFT 
ADDRESSED RATE TO EACH AIRCRAFT 
TOTAL NUMBER OF INTERROGATIONS REC 1 D 
SENSITIVITY LEVELS OF ALL AIRCRAFT 
NUMBER OF ADDRESSES 
INDICATES ANTENNA ON WHICH TCAS II ~ 

TRANSMITTED 
NUMBER OF TCAS II 
NUMBER OF TCAS II 
TCAS II M POINTER 
ELAPSED TIME 

M TRANSIIIISSlONS 
M liC 
FILE 

TRANSMISSION POWER FOR ALL AIRCRAFT 
SENSITIVITY LEVELS FOR All AIRCRAFT 

THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ILL WRITE 
STATEMENTS IN THE MODEL. 

LOGICAL PUNT 
DIMFNSION TJFilE(NUAIR,8), IJFILECNUAIR,8), ICASFI(83,NUAtR,1) 
COMMON ITCDITAI 1111(83), OENS(83), 

1 IATINCNUAIR), IATSU(NUIIR), IDABN(NUAIR), IDIBS(NUAJR) 
EQUIVALENCE (TJFilE,IJFILE) 
COMMON /CAS/ ICASFI, TJFILE, NAC, It, PRINT 
COMMDNIATEIORATEC83) 
CDMMONIONTIOINTRT(NUAIR),UPRIJE(NUAIR) 
COMMONIMISlOIMIS(NUliR) 
COMMONITEMPIITIME 
COMMON/TCAA/NUMTCA 
COMMDNIILMS/KCARR(83),AMSP(83),1RESET(83) 
COMMONITRlX/JTRlNS(NUAIR) 
COMMONISENSIJSENS(NUAIR) 
COMMONISETA/lDRESS(NUliR) 
COMMON/SINT/LPLUS,&,IT08(100) 
CDMMONIDPLYMTIIATCR,JDAB,ITCl 
INTEGER SA 
DEfiNE FLO(J,J,K) a 81TS(K,I+1,J) 
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*** 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
l 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
1 

DIS tNT ••• 
47. 
48. 
49. 
so. 
st. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
69. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 

1 oo. 
101. 
102. 
1 Ol. 
104. 
105. 

c 

c 

SA = I111 (II) 
DO 7 N = 1, NAC 

IF CJCASFICII,N,1J.EQ.OJ GO TO 7 
IF CN.EQ.SA) GO TO 7 

i TCAS II ~ IDENTITY 
8 LOOP OYER ALL AIRCRAFT 
a SKIP IF OUT OF TCAS liM RANGE 
i DO NOT PICl TCAS liM AS VICTIM 

C GET ANTENNA COUPLINGS BfTWEEN TCAS II M AND VICTIM AIRCRAFT. 
C THE FACTOR OF 2••27 SHIFTS BITS UP AND THEN BACK DOWN AGAIN TO RECOVER 
C THE SIGN BIT. 
c 

c 

? 

c 

~GN1•CFLD(QQ,Q9,IJFILE(N,8JJ•C2••27J) 

KGN1•KCN1/C2••27J 
GN1•lGN1/10.+4.7-1.9 
~GN2•(FLDC09,09,IJfiLECN,8JJ•C2••27JJ 
KGN2•KGN2/C2••27J 
GN2•KGN2110. 
KGN3•(FLDC18,Q9,IJFILE(N,B)J•C2••27J) 
KGNl•KGNJ/(2**27) 
GNJ•KGNl/10.+4.7-1.9 
lGN4•CFLDC27,Q9,IJFILE(N,8JJ•C2••27J) 
KGN4=KGN4/(2••27) 
GN4•KGN4/10. 
IO•FLD(J4,2,ICASFICII,N,1JJ 
OD 6 Ma1,LPLUS 

IF CIT08(MJ.EQ.1) GS • GN1 
IF (ITOB(MJ.EQ.3) GS • GNl 
GY a GN2 

a TCAS II M TOP ANTENNA GAIN 

i VICTIM TOP ANT!NNA GAIN 

i TCAS II M BOTTOM ANTENNA GAIN 

I VICTIM BOTTOM ANTENNA GAIN 

I VICTIM AIRCRAFT TYPE 
I LOOP OYER ALL TCAS liM 

INTERROGATIONS. 
I TRANSMIT TOP. 
a TRANSMIT BOTTOM. 

IF ((GN4.GT.GN2J.AND.CIO.NE.OJJ 
GNTOT a GS + GY 

GY • GN4 

IPRW z FLOC17,10,ICASFI(II,N,1JJ 
PAW a IPRW 

a TOTAL ANTENNA COUPLING. 
I POWER LOSS (FREE SPACE). 

ATAANS "' JTRANS(SAJ/1 000 000. a TRANSMISSION POWER (KWATTS) 
CTRANS • ATRANS•1000. i CWATTSJ 
RYPPl '" -(PRW/10.) + 10.•ALOG10CATRANSJ - 3.0 
- 10.•ALOC10CCTRANS/AMSPCIIJ) 
POWY a RYPR3 + GNTOT i TOTAL POW!R AT VICTIM 

C IF TOTAL POWER VICTIM RECEIVED IS GREATER THAN VICTIM SENSITIVITY, 
C COUNT A MISADDRESS AT VICTIM: 

IF (POWY.GE.JSENSCNJ) MISCN) • MISCN) + 1 
6 CONTINUE 
7 CONTINUE 

c 
C CHECK ARRAYS FOR PROPER SQUITTEP COUNTING AND MISAODR!SSED RATE. 
c 

c 

IF (II.EQ.NUMTCA) THEN 
00 4000 NB = 1, NAC 

Q COMPUTE AVERAGES AFTER ALL 
a PICK A VICTIM AIRCRAFT. 

C OINTRT IS THE ARRAY FOR EACH MODE S TRANSPONDER THAT RECEIVES 
C TCAS II M INTERROGATIONS 
c 

IF (IJFILE(N8,4).Nf.0) DINTRT(NBJ = OINTRTCN8l + 1 , 
UPR.TE(N8) = UPRATE(N8)+DINTRT(N8) a TOTAL NU"BER OF INTERROGATIONS 
AORESS(NB) OtNTRT(NB) a t OF ADDRESSES RCYO THIS TIME 
DINTRTCNB) ,. 0. lil RESET COUNTER 

4000 CONTINUE 
END lF 
RETURN 
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*** OISINT *** 
106. END 

END FTN 334 IBANK 92 ObANK JJ736 COMMON 
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..... DI SHOD ••• 
iFTN,S B.DlSMOO,DISMOO 
FTN 11R1 02/27/85-t6:35C25,) 

1. SUBROUTINE OISM00(LPLUS1J 
2. ( 

3. ( 

4. c 
5. ( 

6. c 
7. c 
a. c 
9. c 

1 o. c 
11. c 
12. c 
n. c 
14. c 
15. c 
16. c 
17. c 
18. c 
19. c 
20. c 
21. c 
22. c 
23. c 
24. c 
25. c 
26. c 
27. c 
28. c 
29. c 
30. c 
31. c 
32. c 
H. c 
34. c 
35. c 
36. c 
37. c 
38. c 
39. c 
40. c 
41. c 
42. c 
43. 
1.I 
2. I c 
J.I c 
4.1 c 
5.I c 
6.I 
7. I 
8.1 
9.1 

10.1 
11.I 
44. 
45. 
46. 

THE PURPOSE OF THIS SUBROUTINE IS TO SCHEDULE MODE S DISCRETE 
I NTfiiiiOGA TIDNS. 

•••••••••••••••••••• INPUTS I OUTPUTS • •••••••••••••••••••••• 
COMMON BLOCkS I VARIABLES 

INPUTS OUTPUTS 

ADJStN 
ATE 
CAS 

FRUT 
ILMS 
MISAD 
ONT 

RCACQ 

ROLACQ 

SENS 
SINT 

SURV 
TCOAU 
TEMP 
TRAX 

I 
I 
I 

I 
I 
I 
I 

SESIT 

ICASFI 
II 
IJFILE 
TJFILE 
FRUIT 
AMSP 
MIS 

UP RATE 

ORATE 

DINTRT 

I IIIOL 
ITRIL1r2r3r4 

I 

I JSENS 
I 

I ITAACK 
I 1111 
I ITIME 
I JTRANS 

ACQSUM 
DORSUM 
MAQ 
MD Oil 
MROL 
MSQ 
NULL 
ROLSUM 

ITOB 
It 
LPLUS 
IT RACK 

INCLUDE RESTART,LIST 
PARAMETER (NUAIR = 328) 

DESCRIPTION 

ADJUSTED TCAS II M SENSITIVITIES 
INTERROGATION RATE AT EACH TCASIIM 
TCAS II M ENVIRONMENTAL FILE 
TCAS II M IDENTIFIER 
TYPE ~F EACH AIRCRAFT 
AIRCRAFT CHARACTERISTICS FILE 
FRUIT LEVEL SEEN BY EACH TCAS liM 
ADJUSTED TCAS II M POWER LEVELS 
MISADDAESSES 
ADDRESSED RATE TO EACH AIRCRAFT 
TOTAL NUMBER OF INTERROGATIONS RCO 
MAXIMUM INTERROGATION RATE IN ROLL 
MAXIMUM FAILED INTERROGATICNS/SCAN 
MODE S INTERROGATION RATE COUNT 
I TCAS II ~ IN DORMANCY STATE 
ACQUISTION COUNTER 
DORMANCY COUNTER 
ROLL CALL COUNTER 
SQUITTER STATE COUNTER 
NUll STATE COUNTER 
NUMBER OF AIRCRAFT IN ROLL CALL 
AIRCRAFT SENSITIVITIES 
INDICATES WHERE TCaS liM XMITTED 
VICTIM AIRCRAFT 
TCAS II M TRANSMISSIONS 
MODE S TRACK FILE 
TCAS II M POINTER FILE 
ELAPSED TIME IN SIMULATION 
AIRCRAFT TRANSMISSION POWERS 

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

LOGICAL PRINT 
DIMENSION TJFILE(NUAIR,8), IJFILECNUAIR,8), ICASFI(83,NUAIR,1) 
COMMON /TCOATA/ 1111(83), DENS(83), 

? IATINCNUAIR), IATSU(NUAIR), IDABNCNUAIR), IOABSCNUAIR) 
EQUIVALENCE (TJFILEriJFILE) 
COMMON /CAS/ ICASFt, TJFILEr NAC, IIr PRINT 
COMMON/AOJSEN/SESITC83J 
COHMON/ATE/DRATE(83) 
COMMON/ONT/OINTAT(NUAIR),UPRATECNUAIR) 
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...... 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 , 
1 
1 
1 

OISMOD 

47. 
48. 
49. 
50. 
51. 
52. 
5J. 
54. 
55. 
56. 
57. 
58. 
59. 
60. c 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
10. 
71. 
72. 
73. 
74. 
75. 
16. 
77. 
78. c 
79. c 
80. 
81. 
82. c 
83. c 
84. c 
85. 
86. 
87. 
88. 
89. 
90. c 
91. c 
92. 
9.3. c 
94. 
95. 
96. 
97. 
98. 
99. 

100. 
101. 
102. 
103. 
104. 
105. 

Appendix B 

"** 
COMMON/fRUT/FRUtT(83) 
COMMON/TEMP/I TIME 
COHMON/RCACQ/ITRIL1(6),ITRIL2(6),JTRIL3(6),JTRIL4(6),JROL(10) 
COMMON/SURY/ITRACK(~J,500) 
COHMON/ROLACQ/ROLSUM,ACQSUM,OORSUM,MROL,MAQ,MOOR,MSQ,NUll 
COMHON/TCAA/NUMTCA 
COHMON/ILMS/KCARR(8.3),AMSP(8.3),tRESET(8.3) 
COMMON/SMOOTH/NOWCPJ),TIS(83),TPSC83) 
COMMON/TRAX/JTRANS(NUAIR) 
COMM~N/SENS/JSENS(NUAIR) 
COMMON/SINT/LPLUS,K,IT08(100) 
COMMON/MISAO/MISCNUAIR) 
DEFINE FLO (J,J,l} a BITS (K, I+1, J) 

IF (II.EQ.1) THEN 
CSUM " O. 
ROLSUM • 0. 
ACOSUM • 0. 
DORSUM • O. 
MROL " 0 
MAO "' 0 
MOOR " 0 
MSQ " 0 
NUll • 0 
SSUM • O. 
CALL MOWEll CNUAIR,O,IATIN) 
CALL MOYEKA (NUAIR,Q,JlTSU) 
CALL MOWEll (NUAIR,Q,IDABN) 
CALL MOYElA (NUAIR,Q,IDABS) 
CAll MOYEKA (NUAIR,Q,MIS) 

END IF 

NTRK • 500 
DRATEUil = O. 

GET TCAS ALTITUDE• ZERO OUT COUNTERS. 

IH "' 1111 (II) 
ALZ "' TJFILECIH,J)/5280. 
lPlUS "' 0 
LPLUS1 • LPLUS 
NOW(II) a 0 

DO 20 IF•1 ,NTRK 

IPLUS = 0 
ITRY = 0 
IF CITRACl(ll•IF).EQ.O) GO TO 20 
K = FLD(0,10,ITRACK(II,IF)) 
MTIME a ITIME - 1 
IF (MTIME.LT.1) MTIME=1 
A = UPRATE(K)/MTIME 
N = UPRATE(l)/MTIME 
FR a A - N 
CALL RANN(RAN) 
IF (RAN.LE.FR) N = N + 1 
IF CN.LT.1) N = 1 
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••• OtsHOO 

1 

••• 
AL1 • TJFILE(K,])/5280. 
AOAL • ARS(AL2-AL1) 
SR : FLD(0,9,tCASFtCII,K,1))/10. 
ITEHP • FLOC34,2,ICASFICII,K,1J) 
IF CITEMP.EQ.OJ GO TO 20 
RVPR : FLOC17,10,ICASFICII,K,1J) 
ATRANS • JTRANS(IH)/1 000 000. 
CTRANS • 1000.•ATRANS 
RVPR1 • -(RVPR/10.) + 10.•ALOG10CATRANS) 
· - 10.•ALOG10CCTRANSIAMSP(Il)) 

8TRANS • JTRANS(K)/1 000 000. 
RVPRl • -(RVPR/10.) + 10.•ALOG10(8TRANS) 

Appendix B 

i ALTITUOf OF VICTIM a/C 

i SLANT RANGE BETWEEN TWO A/C 
i AIC TYPE 
i ELIMINATE ATCR8S A/C 

- 3.0 

- 0.7 - 0.5 - 3.0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 Ot». 
107. 
108. 
109. 
11 o. 
111. 
11 z. 
111. 
114. 
115. 
116. 
111. 
118. 
119. 
120. 
121. 
122. 
12J. 
124. 
125. 
126. 
127. 
128. 
129. 
130. 
1l1. 
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. 

c 
c 
c 

REPLY POWER OF MODE S AND TCAS II M TRANSPONDERS DIFFERS BY 2.2 DB. 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

IF (IJFILE(K,4).EQ.3) RVPR2 • RVPR2 - 2.2 
IGN1 • (FLOCOQ,Q9,IJFILE(K,8))a(2**27)) 
IGN2 • (FLOC09,09,IJFILE(K,8l)*C2*•27)) 
IGN3 • CFLD(1!,09,1JFILE(K,8))*(2**27)) 
IGN4 • (FLDC27,09,IJFILE(K,8))*(2**27J) 
GN1 • FLOATCICN1/C2••27))/10. + 4.7 - 1.9 
GN2 • FLOAT(TSN2/C2••27))/10. 
GN3 • FLOATCICN3/C2••27))/10. + 4.7 - 1.9 
GN4 • FLOATCIGN4/C2••27))/10. 
GS • GN1 , 
IF CGN3.GT.GN1) GS • GN3 
GV • GN2 
IF CGN4.GT.GN2) GV • GN4 
GNGOUP • GS + GV 
PWI • RVPR1 + GNGOUP i INTERROGATION POWER 
PWR • RVPR2 + GNGOUP i REPLY POWER 

IF VICTIM AIC IS TCAS II M-EQUIPPEO AND ITS REPLY POWER IS ABOVE THE 
SENSITIVITY OF THE TCAS INTERROGATOR OF INTEREST, RUN SU8R. TSQUIT. 

IF CCITEMP.EQ.J).ANO.(PWR.GE.JSENS(IH))) CALL TSQUIT 

THE NEXT SEGMENT OF CODE FINDS THE PROBABILITY OF CLEAR RECEPTION OF 
THE VICTIM'S REPLY SIGNAL 8Y THE TCAS II M AIRCRAFT USING A CURVE-FITTING 
TECHNIQUE. THE CURVES WERE SUPPLIED 8Y LINCOLN LABVORATORY AND MAY IE 
CONSIDERED SINUSOIDAL IN NATURE FOR THE INTERVAL UNDER CONSIDERATION. 

IF CFRUITCIIJ.LE.Ol FRUITCII) • 100. 
SHIFT z l. + 10.•ALOG10CFRUITCII)/11 800) 
OSIXX • -69. 
ORHO z OSIXK + SHIFT 
POW "' PWR + 3.0 
r = za. 
IF (POW.GT.OPHO) T z 32. 
PW : C-ORHO + POW)•2•3.141~9 I T 
POC = 0.5 + O.S•SIN(PW) 
IF (POW.LT.CORHO - 7.)) POt • 0.0 
IF (POW.GT.(QRHO + 8.)) PQC • 1.0 
POC = 0.95 * POC 
OSIXX :a -72 
ORHO "' QSIXX + SHIFT 
POW • PWR + 3.0 
T = 28. 
IF (POW.GT.ORHO) T • 32. 
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*** 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
?. 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 

DISMOD 

165. 
16o. 
167. 
168. 
169. 
170. 
171. 
172. 
173. 
174. 
175. 
176. 
177. 
178. 
179. 
180. 
181. 
182. 
183. 
184. 
185. 
186. 
1B7. 
188. 
, 89. 
190. 
191. 
192. 
193. 
194. 
195. 
196. 
197. 
198. 
199. 
200. 
201. 
202. 
203. 
204. 
205. 
206. 
207. 
208. 
209. 
210. 
211. 
212. 
213. 
214. 
215. 
216. 
217. 
218. 
219. 
220. 
221. 
222. 
223. 

c 
c 
c 
c 
c 
c 

c 

c 
c 

c 
c 
c 

*** 

PW • C-OQHO + POW)•2•3.14159 I T 
PDC1 : 0.5 + 0.5•SIN(PW) 
IF CPOW.LT.CORHO - 7.)) PDC1 E 0.0 
tF cPow.GT.coqHo + s.>> PDC1 E t.o 
PDC1 • 0.95•PDC1 

UPDATE MODE S TARGET STATUS AND 
INTERROGATIONS 

v .. 600. 
IF CTJFILE(K,]).GT.10 000) V • V + 300 
IF CTJFILECIH,]).GT.10 000) V z V + 300 
TE • INTCCSR*3600.)/V) 
Ul TY • 0 
KTRIAL • FLDC22,],ITRACKCII,IF)) 
KSCAN a FLD(25,4,1TRACKCII,IF)) 
ICLOCK • FLDCt0,8,ITRACKCII,IF))*(Z••28) 
ICLDCK E ICLDCK/(2••28) 
ISQIT • FLDC29,1,ITRACKCII,IF)) 
ISTATE • FLOC18,4,ITRACKCII,JF)) 
IF CPOW.LE.(SESITCII) + 3.)) PDC • 0.0 
IF CCPOW .LE. (SESIJCII) + 3.)) .OR. 

CISTATE .EQ. 0)) THEN 
ICONT • 0 

NUll • NUll + 1 
CAll AANN (RAN) 
IF ((RAN.LT.PDCt).AND.(lSTATE.E0.0)) 
IF CICONT .EQ. 1) THEN 

ISTATE • 1 
ICLOCK • 16 

ELSE 
ISTATE • 0· 
ICLOCK • 0 
KSCAN • 0 
KTRUL • 0 
ISOIT :a 0 

END IF 
ELSE IF (!STATE .eo. 1) THEN 

ICLDCK • ICLDCK - 1 

MSQ '" MSO + 1 
IF (KTRIAL .GE. 1) THEN 

IF (KTRIAL .EO. 1) THEN 
KSTEP '" 20 

ELSE IF CKTRIAL .EO. 2) THEN 
KSTEP • 16 

ElSE IF (KTRIAL .EO. 3) THEN 
KSTEP • 8 

ELSE IF (KTqiAl .EO. 4) THEN 
KSTEP " 4 

ELSE 
KSTEP = 2 
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Appendix H 

SCHEDULE 

a NUll STATE 

a NUll STATE COUNTER 

ICONT • ICONT + 1 

a 1 REPLY, GO TO SQUITTER 
a ST~TE AND SET CLOCK TD 

16 SINCE ENTERING FROM 
NUll STATE 

a SOUITTER ~TATE 
a DECREMENT PURGE CLOCK; 

INITIALIZE AT 16 WHEN 
ENTERED FROM NULL STATE, 
0 WHEN FROM ACO. STATE 

a SQUITTER STATE COUNTER 

a UP COUNT INCREMENTS 
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••• 
4 
3 
4 
4 
5 
5 
5 
4 
5 
5 
5 
5 
5 
5 
5 
4 
l 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
l 
l 
l 
3 
4 
4 
5 
5 
5 
s 
4 
3 
3 
3 
3 
4 
4 
5 
5 
5 
'i 
5 
5 
5 
4 
3 
3 
3 

OISHOD 

U4. 
225. 
?26. 
227. 
228. 
229. 
230. 
2 31. 
232. 
233. 
234. 
235. 
236. 
237. 
238. 
239. 
?40. 
241. 
242. 
241. 
244. 
245. 
246. 
247. 
248. 
249. 
250. 
251. 
252. 
253. 
254. 
255. 
256. 
257. 
2se. 
259. 
260. 
261. 
262. 
263. 
264. 
265. 
266. 
267. 
268. 
269. 
270. 
271. 
272. 
273. 
274. 
275. 
276. 
277. 
278. 
279. 
280. 
281. 
?82. 

••• 

9101 

9102 

201 

210 

1 

END IF 
00 9101 L • 1, N 

CAll RANN UA1'4) 
IF (RAN .LT. PDC) THEN 

ICLOCK • ICLOCK + KSTEP 
lALlY • 1 

END IF 
IF CICLOCK .GT. 0) THEN 

ISTATE :a 2 
KSCAN • 0 
KTRIAL • KTRIAL + 1 
IF (KTRIAL .GT. 4) KTRIAL • 4 
ICLDCK • 0 
GO TO 9102 

END IF 
CONTINUE 
CALL RANN (UN) 
IF (RAN .LT. POC1) !CLOCK s ICLOCK + KSTEP 
IF CICLOCK .GE. 0) THEN 

ISTATE • 2 
KSCAN • .Q 
KTRIAL • KTRIAL + 1 
IF (KTRIAL .GT. 4) KTRIAL • 4 
ICLOCK • 0 

ELSE IF (!CLOCK .LE. -40) THEN 
!STATE a 0 
KTRUL • 0 
KSCAN • 0 
ICLOCK • 0 
ISQIT • 0 

END IF 
CONTINUE 

ELSE IF (ICLOCK .GE. -1) THEN 
ICONT a 0 
DO 201 L • 1, (N-1) 

CALL RANN (RAN) 
IF (RAN .LT. PDC) THEN 

ULTT • 1 
ICONT • ICONT + 1 
GO TO 210 

END IF 
CONTINUE 
CALL RANN (UN) 
IF (RAN .LT. PDC1) ICONT • ICONT + 1 
CONTINUE 
IF CICONT .NE. 0) THEN 

IF ((ADAL .GT. 1.700) .AND. 
(IALTT .EQ. 1)) THEN 
ICLOCK • 16 

ELSE 
ISTATE ,. 2 
KTRIAL • kTRIAL + 1 
IF (KTRIAL .GT. 4) KTRIAL = 4 
ICLOCK • 0 

END IF 
END IF 

ELSE 
ICLOCK : 0 
ISTATE a 0 
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...... 
3 
3 
3 
3 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
5 
6 
6 
Ci 
6 
6 
6 
6 
6 
6 
7 
7 
7 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
8 
7 
6 
5 
4 
5 
6 
7 
7 
7 
7 
7 
7 
7 

OISHOO *"'* 
281. 
234. 
285. 
286. 
21i7. 
28!1. 
2 !!9. 
290. 
291. 
292. 
293. 
294. 
295. 
H6. 
297. 
298. 
299. 
300. 
301. 
302. 
303. 
304. 
305. 
306. 
307. 
308. 
309. 
31 o. 
311. 
312. 
313. 
314. 
315. 
316. 
317. 
318. 
319. 
320. 
321. 
322. 
323. 
324. 
325. 
326. 
327. 
328. 
329. 
330. 
331. 
H2. 
333. 
334. 
335. 
336. 
'537. 
338. 
339. 
"340. 
341. 

llTRIAL ., 0 
ISQIT ,. 0 
KSCAN a 0 

END IF 
ELSE IF CISTATE .EQ. 2J THEN i ACQUISITION STATE 

KSCAN a KSCAN + Q SCAN INCREMENT 
MAQ a MAQ +1 a ACQUISITION COUNTER 
IF (lSCAN .GT. 6) THEN 

!STATE • 1 
KSCAN • 0 
ICLOCK • 0 
ISQIT • 0 

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

IF (KTRIAL .eo. 1J ITRY • ITRIL1CKSCAN) 
IF CKTRIAL .eo. 2) ITRY • 1TRIL2(KSCAN) 
IF (KTRIAL .eo. 3J ITRY • ITRIL3CKSCAN) 
IF (KTRIAL .Ge. 4) ITRY • ITRIL4CKSCAN) 
IF CtTRY .Ne. 0) THEN 

LCOUNT • 0 
DO 1101 l • 1, ITRY + 1 

IF CCLCOUNT.LT.2J.ANO.CCL-LCOUNTJ.Le.ITRY)) THEN 
CALL RANNCRAN) 
IPLUS • IPLUS + 1 
IT08(LPLUS + 1) • 3 
IF CJNTCGSJ.EQ.INTCGN1)) IT08CLPLUS+1) • 1 
ACQSUM • ACQSUM +1 a MODE S INTERROGATION 

C RATE COUNTER 

c 

1101 

DRATECJt) • ORATECIIJ + 1 
IF CPWt .GE. JSENSCK)) THEN 

ADDRESSED RATE TO AIRCRAFT K: 
OINTRTCKJ a DINTRTCKJ + 1 
IF (RAN .LT. PDC1) LCOUNT • LCOUNT + 1 
IF CLCOUNT .GE. 2) THEN 

KSCAN • 0 
KTIUAL a 0 
ISOIT • 0 
IF CTE .GT. 43) THEN 

ISTATE • 4 a GO TO DORMANCY STATE 
ICLOCK • TE - 43 
DORSUM • DORSUM + 1 

ELSE 
!STATE a 3 a GO TO RO~l CALL STATE 
ICLDCK a 0 

END IF 
END IF 

END IF 
END IF 

CONTtNUE 
IF CLCDUNT .EQ. 1) THEN 

IF CCISQIT .EO. 1) .oR. (KSCAN .eo. 6)) THEN 
IF CTE .GT. 43) THEN 

KSCAN • 0 
KTRUL • 0 
ISOIT • 0 
ISTATE a 4 
ICLOCK a TE - 43 
DORSUM s DORSUM + 1 

ELSE IF (JSQIT .EQ.1) THEN 
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*** 
7 
7 
7 
7 
7 
7 
6 
6 
6 
5 
4 
3 
z 
2 
z 
z 
3 
3 
3 
3 
3 
3 
.3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
6 
6 
7 
7 
7 
7 
6 
6 
5 
4 
3 
3 
2 
z 
2 
z 
3 
3 
l 
:s 
3 
3 
2 
1 

OJ SHOO 

342. 
34 3. 
344. 
34~. 

346. 
347. 
HR. 
349. 
350. 
351. 
352. 
353. 
354. 
355. 
356. 
357. 
358. 
359. 
360. 
361. 
362. 
363. 
364. 
36'5. 
366. 
367. 
36!1. 
369. 
370. 
371. c 
372. 
373. c 
374. 
375. 
376. 
377. 
378. 
J79. 
380. 
381. 
382. 
363. 
364. 
385. 
386. 401 
387. 402 
388. 
389. 
390. 
391. 
392. 
393. 
394. 
395. 
396. 
397. 
HR. 
399. 
400. 

••• 
ISTAfE • 3 
!CLOCK .: 0 
KSCAN .: 0 
KTRUL • 0 
ISQH • 0 

END IF 
ELSE 

ISQIT = 1 
END IF 

END IF 
END IF 

END IF 
ELSE IF CISTITE.EQ.3) THEN 

KSCAN : KSCIN + 1 
MROL : MROL + 1 
IF (KSCIN .GT. 10) THEN 

ISTITE " 1 
ICLOCK = 16 
KTRUL ,. 0 
KSCAN "' 0 
ISQIT • 0 

ELSE 
ITRY • IROL(KSCAN) 
DO 401 L = 1, ITRY 

CALL UNN(RAN) 
IPLUS a IPLUS + 1 
ITOB(LPLUS + 1) • 3 

Appendix B 

i ROLL CALL STATE 

i ROLL CALL COUNTER 

i BACK TO SQUITTER 

il ZERO TRIAL 
i ZERO SCAN 

a DO UNTIL A REPLY IS RECEIVED 

IF (INT(GS).EQ.INT(GN1)) 
ROLSUM • ROLSUM + 1 

ITOB(LPLUS•1) • 1 

ORATECII) • DRATECII) + 1 

IF (PWI.GE.JSENSCK)) THEN 
DINTRT(K) • DINTRTCK) + 1 
IF (RAN.LE.PDC1) THEN 

UCAN • 0 
IF (TE.GT.40) THEN 

ISUTE • 4 
DORSUM • DORSUM +1 
ICLOCK • TE - 40 

END IF 
GO TO 402 

END IF 
END IF 

CONTINUE 
CONTINUE 
END IF 

ELSE IF CISTATE.EQ.4) THEN 
ICLOCK = ICLOCK - 1 
MOOR = MOOR + 1 
IF (ICLOCK.EQ.O) THEN 

ISTATE • 1 
ICLOCK "' 16 
KTRUL "' 0 
KSCAN = 0 

ISQIT = 0 
END IF 

END IF 
FL0(1Q,8,ITRACKCII,IF)) = ICLOCK 

B-23 

a MODE S INTERROGATION 
RATE COUNTER 

i ROLL CALL INTERROGATION 
RATE COUNTER 

i SUCCESSFUL RECEPTION OF 
i REPLY 

a DORMANCY STATE 

a DORMANCY COUNTER 

a BACK TO SQUITTER 
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.... OISMOD ...... 
1 401. FlDC1e,4,ITRACk(tJ,IF)) = ISUH 
1 401. FlDC2?.,liiTRICK(tJ,JF)) = KTRUL 
1 401. Fl0(25,4rlTRACk(IJ,JF)) " KSCAN 
1 404. Fl0(29,1,ITRACK(JI,IF)) "'' ISQIT 
1 405. FlO(J1,1,ITRACk(JI,IF)) .. 0 
1 406. lPlUS 2 lPLUS + IPLUS 
1 407. lPLUS1 a LPLUS 
1 408. 20 CONTINUE 

409. RETURN 
410. END 

END FTN 1251 IBANK 240 DBANK 75362 COMMON 

B-24 
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••• FILES • •• 
iFTN,S B.FILES,FILES 
FTN 11R1 02127185-16:35(]9,) 

1 
2 
2 
2 
2 
2 
1 
1 
1 

1. SUBROUTINE FILES 
2. c 
3. c 
4. c 

c 
c 
c 
c 
c 

5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
1.1 
2.1 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

THE FUNCTION OF THIS SUBROUTINE IS TO CREATE A FILE TO BE USED AS 
INPUT DATA TO THE DABSIATCRBSIAIMS PPM WHICH WILL DETERMINE THE NET 
EFFECTS OF DEPLOYING TCAS SYSTEMS IN THE ENVIRONMENT. 

• ••••••••••••••••••• INPUTS I OUTPUTS ************************************ 

COMMON BLOCKS I 

ITE I 
CAS I 
ILMS I 
MISAO I 
SETA I 
TCOATA I 

TCRIT1 I 

VARIABLES 
INPUTS OUTPUTS 

ORATE 
NAC 
KCIRR 

MIS 
ADRESS 
I IT IN 
UTSU 
tDIBN 
IDABS 
ATCRAT 

INCLUDE RESTIRT,LIST 
PARAMETER (NUllA • l28) 

DESCRIPTION 

TOTAL INTERROGATIONS REC'D BY TCAS liM 
NUMBER OF AIRCRAFT 
NUMBER OF w-s LEVELS TCIS liM IS USING 
MODE S MlSADDRESSES 
MODE S ADDRESSES 
ATCRBS INTERROGATIONS DUE TO TCAS II M 
ATCRBS SUPPRESSIONS DUE TO TCAS II M 
MODE S INTERROGATIONS DUE TO TCAS II M 
MODE S SUPPRESSIONS DUE TO TCAS II M 
TCAS I INTERROGATIONS AT EACH AIRCRAFT 

3.1 C THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS All WRITE 
4.1 
5. I 
6.1 
7.I 
B. I 
9.1 

10. I 
11.I 
26. 
27. 
28. 
29. 
30. 
J1. 
32. 
n. 
34. 
'55. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
41. 
44. 
45. 
46. 

C STATEMENTS IN THE MODEL. 
c 

c 
c 

LOGICAL PRINT 
DIMENSION TJFILECNUAIA,8), IJFILECNUAIR,8), ICASFt(8],NUAtR,1) 
COMMON ITCDATAI I111(8J), DENS(8]), 

? IATIN(NUIIR), IATSUCNUAIR), IDABN(NUAIR), IDABS(NUAIR) 
EQUIVALENCE (TJFILE,IJFILE) 
COMMON /CAS/ lCASFI, TJFILE1 NAC1 ll1 PAINT 
COMMONIILMSIKCIRR(8J),AMSPC8J),IRESET(8J) 
COMMONIATEIDRATECBJ) 
COMMONIMISADIMISCNUAIR) 
COMMONISETAIAORESSCNUAIR) 
COMMONISENS/JSENSCNUAIR) 
COMMON/TCAAINUMTCA 
COMMON/TEMPIITIME 
COMMON/TCRAT1/ATCRAT(NUAIR) 
KF = 0 

00 2021 KE a 1, NAt 
If (IJFILECKE,4).EQ.J) THEN 

KF = KF + 1 
AMTSUP • 60.•KCAAR(KF) + 100.•DRATE(KF) 

ELSE 
AMTSUP z 0. 

ENO IF 
WRITE (10,2025) MISCKE),IDA8S(KE),(0A8N(KE),IATIN(KE), 

? IATSUCkE),ADRESSCKE),AMTSUP,ATCRAT(KE) 
2025 FORMATC10X,5I15,F10.5,zx,F10.J,zx,F10.3) 

B- 25 
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..... FILES .... 
1 47. 2023 CONTINUE 
1 48. c 

49. RETURN 
50. ENO 

END FTN 64 IBANK 107 D8ANil 32975 COMMON 

B-26 
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*** FRUITA .... 
iFTN,S B.FRUITA,FRUITA 
FTN 11R1 02/27/85-16:35(60,) 

1. SUBROUTINE FRUITA 
2. c 
3. c 
4. c 
5. c 
6. c 
7. c 
8. c 
9. c 

10. c 
11. c 
1 z. c 
n. c 
14. c 
15. c 
16. c 
17. c 
18. c 
19. c 
zo. c 
21. c 
22. c 
ZJ. c 
24. c 
25. c 
26. c 
27. c 
28. c 
29. c 
30. c 
31. c 
32. 
1.I 
2.I c 
3.1 c 
4.1 c 
5. I C 
6.1 
7.1 
8.I 
9.1 

10.I 
11.I 
33. 
34. 
35. 
36. 
37. 
38. 
39. 

c 

THE PURPOSE OF THIS SUBROUTINE IS TO COMPUTE FRUIT RECEIVED AT EACH 
TCAS AIRCRAFT, ANO TO COMPUTE THE PROBABILITY OF REPLY 
FOR EACH AIRCRAFT. 

************* INPUTS I OUTPUTS ••••••••••••••••• 
COMMON BLOCKS I VARIABLES 

INPUTS OUTPUTS 

CAS I ICASFI 
II 
IJFILE 
NAC 

I FRUT FRUIT 
I MIS MISAO MIS 

RATE 

SENS 
TCOATA 

I 

I 
I 

I 
I 

IADJIN 
UDJSU 
JSENS 
I111 
lATIN 

UTSU 

IDABN 
I DABS 

JTIIANS 

INCLUDE RESTART,LIST 
PARAMETER CNUAIR a 328) 

DESCRIPTION 

TCAS II M ENVIRONMENTAL FILE 
TCAS II M IDENTITY 
A/C CHARACTERISTICS FILE 
NUMBER OF AIC 
FRUIT SEEN BY EACH TCAS II M A/C 
MISADDRESSES 
INTERROGAT:ON RATE FOR EACH A/C 
SUPPRESSION RATE FDA EACH A/C 
SENSITIVITY LEVEL FOR EACH A/C 
TCAS II M POINTER 
ATCRBS INTERROGATIONS DUE TO 
TCAS II M AIC 
ATCRBS SUPPRESSIONS DUE TO 
TCAS II M AIC 
MODE S INTERROGATIONS 
MODE S SUPPRESSIONS 
PROBABILITY OF REPLY FOR EACH A/C 
TRANSMISSION POWER FOR EACH A/C 

THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRFSS ALL WRITE 
STATEMENTS IN THE MODEL. 

LOGICAL PRINT 
DIMENSION TJFILE(NUAJR,8), IJFILE(NUAIR,8), ICASFI(8J,NUAIA,1) 
COMMON /TCOATA/ I111(83), DEN$(83), 

? UTINCNUAJR), UTSU(NUUR), IOABNCNUUR), IDIBS(NUAI·R) 
EQUIVALENCE (TJFILE,IJFILEJ 
COMMON /CAS/ ICISFJ, TJFILE, NAC, Ill PRINT 
INTEGER STIT(2,NUAIR),KMIS(NUAIR) 
COMMON/RATE/IAOJINCNUAJR),IIDJSU(NUAIR) 
COMMON/FRUT/FRUITC83) 
COMMON/MISADIMISCNUAIR) 
COMMON/TPREPL/PREP(NUAIR) 
COMMON/TRAX/JTAANSCNUAIR) 
COMMON/SENS/JSENSCNUAIR) 

40. 
41. 
42. 
43. 
44. 
45. 
46. 

C DELETE THE FOLLOWING COMMON STMT AFTER TESTING 
COMMON/TEMP/ITIME 

c 
c 

DEFINE FLO(J,J,K) • 81TS(K,I+1,J) 
If (II .EQ. 1) THEN 
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*** 

1 
z 
2 
3 
3 
} 

3 
3 
3 
2 , 
1 
1 

1 
1 , 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 , 
1 
1 
1 
1 
1 

FRUITA 

47. 
4 ~-
49. 
50. 
51. 
52. 
51. 
54. 
55. 
56. 
57. 
51l. c 
59. c 
60. 
61. 
62. c 
63. 
64. c 
65. c 
66. 
67. 
68. 
69. 
70. 
71. 
1Z. 
73. 
74. 
75. 
76. 
77. c 
78. c 
79. 
80. 
81. 
82. c 
83. 
84. c 
85. c 
86. c 
87. c 
88. c 
89. 
90. 
91. 
92. 
93. 
94. 
'115. 
96. 
97. 
98. 
99. 

, oo. 
101. 
102. c 
101. 
104. 
105. 

Appendix 8 

*** 

DO 1 I = 1r NUAIII 
KMISCI> • MIS(l) 

i CYCLEr SAVE MISADDRESSEOr 

IF CIJFILE(I,4) .EQ. 0) THEN 
STAT(1,I> = IATIN(IJ 
STATC2rl) s llTSU(I) 

ELSE 
STAT(1,I> • IDABN(I) 
STAT(2,I) • IDA8S(I) 

fND IF 
C·ONTINUE 

END IF 

GET IDENTITY OF TCAS II M AIRCRAFT. 
IHOLO • 1111 (II) 

FRUITCIO • 0 

00 6000 IQ • 1, NlC 

a INTEII-OGATIDNr AND SUPPRESSION 
a AllES FADM PREVIOUS SECOND. 

a SELECT l VICTIM AIRCRAFT. 

CHECK THAT VICTIM AIRCRAFI IS WITHIN RINGE: 
IF CICASFICIIriQ,1).EQ.O) GO TO 6000 
ITY s FL0(}4,2,ICISFICII,IQ,1)) a FINO VICTIM AIRCRAFT TYPE 
PLUI • STATC1riQ) a NUMBER OF INTERROGATIONS RECEIVED 
PLUS • STATC2rlQ) a NUMBER OF SUPPRESSIONS RECEIVED 
IF ( IJY • EO. 0) THEN a UCReS AIC 

DEDI a PLUI * 0.000060 a DEAD TIME IS 60 MICROSECONDS 
ASUP a 0.000035 a SUPPRESSION TIME IS 35 MICROSECONDS 

ELSE 
DEDI • PLUI * 0.000024 a DEAD TIME IS 24 MICROSECONDS 
ASUP • 0.000020 a SUPPRESSION TIME IS 20 MICROSECONDS 

END IF 
TOTAL SUPPRESSION TIME DUE TO GROUND lTC CIADJSU) AND TCAS II M 

EMISSIONS (ADDRESSES AND MISADDRESSES): 
DEAD! • IADJINCI0>•0.000060 + DEDI 
OEADS = IADJSUCI0>•0.000035 + PLUS•0.000035 + KMISCIO)*ASUP 
OEAOT • DEADI + DElOS il TOTAL DEAD TIME 

(INTERROGATION + SUPPRESSION) 
PREP(lQ)•1-DElDT a PROBABILITY OF REPLY 

C1 - TOTAL DEAD TIME) 

ANTENNA COUPLINGS BETWEEN TCAS II M AND VICTIM AIRCRAFT FOLLOW. THE 
FACTOR OF 2••27 SHIFTS BITS UP AND THEN BACK DOWN AGAIN TO RECOVER THE 
SIGN BIT. 

I1=CFLD(0,9,tJFILECIQ,~))*2**27) 
12=<FL0(9,9,IJFILECIQr8))*2**27J 
I3=CFLOC18,9riJFILE(JQ,8))*2**27) 
It z 1112**27 
12 :a I212U27 
13 a 13/2••27 

; TOP ANTENNA GAIN 
a BOTTOM ANTENNA GAIN 
a TOP ANTENNA GAIN 

GS ~ 11/10.0 + 4.7 - 1.9 i MODE S POWER ADJUSTMENT 
IF ((13/10.0+4.7-1.9).GT.GS) GS • I3/10.0 + 4.7 - 1.9 
GY = I2110.0 
GSUM z GS + GY a ANTENNA COUPLING. 
IPOW "' FLOC17,10riCASFICIIriQ,1)) a POWER COMPUTED BETWEEN TCA~ II M & 
PWR = IPOW a VICTIM AIRCRAFT 
PWR = -CPWR/10.) + 10.•ALOG10CJTRANSCIQ)/1000000.)-0.7-0.5-3.0 

TCAS II M REPLY POWER: 
IF (1JFILECIQ,4).EQ.3) PWR a PWR - 2.2 
PWR = PWR + GSUH a TOTAL POWER 
IF (PWR.GE.JSENS(IHOLO)) THEN 
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••• FRUITA • •• 
IF (ITT .NE. 0) PLUI = 0 2 

2 
2 
2 
2 
1 

106. 
107. 
108. 
109. 
110. 
111. 
112. 
113. 

C COMPUTE AND STORE FRUIT RATE: 
FRTRAT : PREP(IQ)•IAOJIN(JQ) + PREP(lQ)•PLUI 
FRUIT(Il) = FRUIT(IJ) + FRTRAT 

END IF 
6000 CONTINUE 

RETURN 
END 

END FTN 351 IBANK 1073 DBAHK JJJ81 COMMON 

B-29 

1\ppendix R 



DOT/FAA/PM-85/22 Appendix B 

*** riUTPW ••• 
.FTN,S A.HlATPW,A. 
FTN 11R11R1A 05/30/65-13:15(~,) 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1. FUNCTION HIATPW(NWSL) 
z. * 
3. * 
4. * 
5. * 
6. * 
7. * 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
1S. 
16. * 
17. * 
18. * 
19. 
20. * 
l1. 
22. 

THIS FUNCTION DETERMINE THE HIGHEST ATCR8S W-S LEVEL SENT WHEN A TOTAL 
OF NWSL ARE TRANSMITTED. 

FIND THE HIGHEST POWER LEVEL (IN 08M) SENT 

IHIPRI a 83 - NWSL + 1 
IF( IHIPRI .LE. 63) THEN 

POWLEY z 49 - CIHIPRI + 2)/4 
ELSE IFC lHlPNl .LE. 80) THEN 

POWLEY ., l6 
ELSE 

POWLEY z 36 - 2•CIHlPRl - 80) 
END IF 

CONVERT POWLEY TO WATTS 

HIATPW a 10.••CCPOWLEV+6-l0)/10.) 

RETURN 
END 

~ PRIORITY OF HIGHEST LEVEL SENT 

~ HIGHEST POWER SENT BY TOP FRNT lNTENN 

i HIGHEST POWER SENT BY BOTTOM 

i POWLEY (DIM) i 6 OBI - 10 DIM TO MW 

END FTN o4 I6ANK 21 08ANK 

FILES *** 
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**" INtT *** 
aFTN,S B.INIT,INIT 
FTN 11R1 02/27/65-16:35(17,) 

1 
1 
1 

1. SUBROUTINE INIT 
2. c 
l. 
4. 
5. 
6. 
7. 

"· 9. 
1.1 
2. I 
3. I 
4.I 
5.1 
6.I 
7.1 
!1. I 
9.1 

10.1 
11.1 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
zo. 
21. 
22. 
23. 
24. 
25. 
26. 
l.7. 
28. 
29. 
30. 
31. 
32. 
31. 
34. 
35. 
36. 
H. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
4'5. 
46. 

c 
c 
c 
c 
c 

c 

c 

THIS SUBROUTINE SETS UP INITIAL VALUFS FOR All THE COMMON 
VARIABLES TO BE USED IN THE MODEL. DETAILED DESCRIPTIONS OF All 
THE VARIABLES ARE CONTAINED IN THE DATA DICTIONARY OF THE TCAS 
SIGNAL ENVIRONMENT MODEL BY C. GILCHRIST AND G. PATRICK. 

INCLUDE RESTARTr LIST 

PARAMETER CNUAIR • 328) 

C THE LOGICAL VARIABLE PRINTr WHEN FALSEr WILL SUPPRESS All WRITE 
C STATEMENTS IN THE MODEL. 
c 

c 

LOGICAL PRINT 
DIMENSION TJFILE(NUA1Rr8), IJFILECNUAIR,8), ICASFI(8lrNUAIRr1) 
COMMON /TCDATA/ I111C8l)r DENS(83lr 

! IATINCNUAIR), IATSUCNUAIR)r IDABNCNUAIRlr IDABSCNUAIR) 
EQUIVALENCE CTJFILEriJFILE) 
COMMON /CAS/ ICASFir TJFilfr NACr II, PRINT 
COMMON /AOJSEN/ SESITC83) 
COMMON /ANTENN/ AZPATC36lr DIFPATC36) 
COMMON /INTO/ PASTOPC19lr PAS80TC19) 
COMMON /ANTT/ ANTTOP (19), ANT80T(19) 
COMMON /ATE/ DRATEC83) 
COMMON /888EAR/ TLATr TlONr RLATr RlDNr DISTr BEARTX 
COMMON /DPLYMT/ IATCRr IDABr ITCA 
COMMON /FRUT/ FRUITC83) 
COMMON /ILMS/ KCARR(8J), AMSPC83lr IRESETC83) 
COMMON /LEVEL/ ISETAr JMAlr KMAlr TPOWr PMAX 
COMMON /LEVEL2/ ICHEK 
COMMON /MISAD/ MISCNUAIR) 
COMMON /ONT/ DINTRT(NUAIR)r UPRATE(NUAIR), AMEANC20Q), ASOEC200) 
COMMON /RATE/ IADJIN(NUAIR), IAOJSUCNUAIR) 
COMMON /RCACQ/ ITRIL1(6)r ITRIL2(6)r ITRill(6), ITRIL4(6lr 

1 IIIOL(10J 
COMMON /ROLACQ/ ROLSUMr ACQSUM, OORSUMr MROL, MAQr MOORr MSOr 

1 NUll 
COMMON /SENS/ JSENS(NUAIRJ 
COMMON /SETA/ ADRESSCNUAIR) 
COMMON /SINT/ lPLUSr Kr IT08(100) 
COMMON /SMOOTH/ NOWC83)r TISC83lr TPSC8l) 
COMMON /SURY/ ITRACKC83r500) 
COMMON /TCAA/ NUMTCA 
COMMON /TCRAT1/ ATCRATCNUAIR), 
COMMON /TEMP/ ITIME 
COMMON /TPREPL/ PREPCNUAIR) 
COMMON /TRANI TCSTC83) 
COMMON /TRAX/ JTRANSCNUAIR) 
COMMON /WSCAR/ ILWS(83) 
COMMON /WSHOUT/ IPRFC24lr IPRSC40), IPRBC15), IPR80T(4)r 

1 IPDWFC24lr IPOWSC41), IPOW8C15lr IPOW80(4) 

00 200 I K ,, 83 
SESIT(I) = 0. 
ORAT!:(I) = 0. 
FRUIT(U " O. 
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*** I NIT "** 
1 47. KCARR( I) : 83 
1 48. AM~P(I) .: 0. 
1 49. IiiESET Ul = 0 
1 50. NOW (I) = 0 
1 51. TIS (I) .. o. 
1 52. TPS([l .. o. 
1 53. 1111(1) " 0 
1 54. TCSHU .a o. 
1 55. ILWS (I) .. 0 
1 56. DENS (I) .. o. 
1 57. IF (I .LT. 42) IPOWS(I) .. 0 
1 58. c 
1 59. 00 300 J = 1, NUAIR 
2 60. ICASFI(I,J,1) .. 0 
2 61. 300 CONTINUE 
1 62. 00 175 J • 1, 500 
2 63. ITRACKU,J) • 0 
2 64. '375 CONTINUE 
1 65. zoo CONTINUE 
1 66. c 

67. 00 400 I " 
,, NUAIR 

1 68. IUS (I) • 0 
1 69. OINTRT(l) • o. 
1 10. UPRATHU " o. 
1 71. IAOJIN(J) • 0 
1 72. UOJSUU) " 0 
1 73. JSENS(I) .. 0 
1 74. AORESSU) • O. 
1 75. IATIN(IJ • 0 
1 16. UTSUU) • 0 
1 17. IOABN(I) " 0 
1 78. IDABS(I) • 0 
1 79. ATCRATU) • o. 
1 80. PREP(I) • o. 
1 81. JTRANS(I) .. 0 
1 82. 00 500 J • 1, 8 
2 83. TJFILE(I,J) • o. 
2 84. 500 CONTINUE 
1 85. 400 CONTINUE 
1 86. c 

87. 00 600 I " ,, 200 
1 88. AMEANU) ,. 0. 
1 89. ASOE (I) :a o. 
1 90. IF (I .LE. 100) ITOBU) • 0 
1 91. 600 CONTINUE 
1 92. c 

93. 00 700 I • 1, 24 
1 94. IPOWF(I) .. 0 
1 95. IF U.LE.15) IPOWB(l) • 0 
1 96. 700 CONTINUE 
1 97. c 

98. TLAT .a o.o 
99. TLON • o.o 

100. RUT = o.o 
101. RLON " o.o 
102. OIST .. o.o 
1 OJ. B!:ARTX • 0.0 
104. NAC = 0 
105. UTCR " 0 
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*** INIT 

106. 
107. 
108. 
109. 
110. 
111. 
112. 
111. 
114. 
115. 
116. 
117. 
118. 
119. 
120. 
121. 
122. 
123. 
124. 
125. 
126. c 
127. 
128. 
129. 
110. 
131. 
132. 
133. 
134. 
115. 
136. 
117. 
138. 
139. 
140. 
141. 
142. 
143. 
144. 
145. 
146. 
147. 
148. 
149. 
150. 
151. 
152. 
153. 
154. 
155. 

*** 
IDA& = 0 
IfCA = 0 
BETA "' 0 
JMAX " 0 
KMAX a 0 
TPOW = 0.0 
PMAX • 0.0 
[(HEll "' 0 
ROLSUM • 0.0 
ACQSUM "' 0.0 
DORSUM • 0.0 
MROL = 0 
MAO "' 0 
MOOR = 0 
MSQ • 0 
NULL = 0 
LPLUS " 0 
K = 0 
NUMTCA • 0 
ITIME • 0 

1'\ppenctix R 

DATA (ANTTOP(I),I•1,19)/-31.J,-16.J,-8.5,-6.Q,-4.0,-J.O,-Z.O,O.O 
.,o.o,-s.o,-e.o,-1z.o,-16.o,-17.o,-1s.o,-z1.o,-z5.o,-l1.o,-Jz.o' 

DATA (ANT80T(I),I•1,19)/-32.0,-J1.0,-25.0,-21.0,-1&.0,-17.C,-16.0, 
•-tz.o,-e.o,-5.o,o.o,o.o,-z.o,-J.o,-4.o,-e.o,-s.5,-16.3,-31.3/ 

DATA (ITRIL1(1),I•1,6)/3,],],Q,O,O/ 
DATA (ITRIL2(I),I•1,6)/2,z,z,o,Q,O/ 
DATA (ITRIL](I),I•1,6)/1,1,1,Q,Q,Q/ 
DATA (ITRIL4(1),1•1,6)/1,Q,O,Q,O,O/ 
DATA (IR0l(I),I~1,10)/5,4,],z,z,z,z,z,z,z/ 
DATA (AlPAT(I),I•1,]6)/Q.,Q.,Q.,t.,z.,4.,6.,9.,15.,27.,zJ.,16., 

•13.,12.,11.,11.,11.,11.,11.,11.,10.,10.,10.,11.,12.,16., 
•zs.,zz.,1J.,e.,5.,J.,z.,t.,o.,o.l 

DATA (DIFPAT(I),I•1,]6)/12.,12.,12.,13.,1J.,11.,9.,6.,4.,].,2., 
•z.,1.,1.,1.,t.,1.,1.,t.,1.,t.,1.,t.,1.,1.,1.,z.,J.,4.,6.,e., 
•11.,13.,14.,1].,13./ 

DATA (PASTOP(I),Ia1,19)/-31.3,-16.],-8.5,-2.8,-0.J,1.3,z.O,z.5, 
•z.s,1.o,-o.s,-J.o,-7.o,-11.o,-14.s,-17.o,-1e.o,-31.o,-Jz.o' 

DATA (PASBDT(I),I•1,19)/-32.0,-l1.0,-18.0,-17.0,-14.5,-11.0,-7.0 
.,-3.o,-o.s,1.o,z.s,z.s,z.o,t.J,-o.J,-z.s,-a.s,-t6.J,-31.3/ 

DATA (IPRF(I),I•1,24)/1,5,9,1J,17,21,Z5,29,JJ,]7,41,45,49,53 
.,s7,6t,64,67,70,73,76,77,78,79/ 

DATA CIPRS(I),I•1,40)/2,],6,7,10,11,14,15,18,19,z2,23,36,27, 
•JO,J1,J4,3S,J8,J9,42,4J,46,47,50,51,54,55,58,59,62,63,65,66, 
•68,69,71,72,74,75/ 

DATA (IPR8(I),I•1,15)/4,8,12,16,20,z4,28,]2,]6,40,44,48,52,56,60/ 
DATA CIPR80T(J),I•1,4)/80,81,82,83/ 
DATA (IPOW80(I),I•1,4)/Q, Q, Q, 0/ 
RETURN 
END 
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*** INPUT ••• 
aFTN,S B.INPUT,INPUT 
FTN 11R1 02/27/85-1~:3~(9,) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1. SUBROUTINE INPUT 
2. c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

J. 
4. 
5. 
6. 
1. 
II. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
1.I 
2.1 c 

THE FUNCTION OF THIS SUBROUTINE IS TO LOAD CHARACTEATICS FROM L. A. 
BASIN MODEL AND RATES GENERATED FROM DAIS/ ATCRBS/ AIMS/ PPM FOR 
EACH TRANSPONDER. 

••••••••••••• INPUTS I OUTPUTS ••••••••••••• 
COMMON BLOCKS I VARIABLES 

INPUTS 

CAS I 

DPLYMT I 

RATE I 

INCLUDE RESTART,LIST 
PARAMETER (NUAlA a 328) 

OUTPUTS DESCRIPTION 

IJFILE TYPE OF E~CH AIRCRAFT 
HAC NUMBER OF AIRCRAFT 
TJFILE AIRCRAFT CHARACTERISTICS 
UTCR NUMBER OF ATCRIS 1/C 
IOU NUMBER OF MODE S 1/C 
ITCA NUMftER OF TCIS II M A/C 
UDJIN INTERROGATION RITES FOR EACH A/C 
UDJSU SUPPRESSION RATES FOR EACH 1/C 

3.1 C THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE 
4.I 
5.1 
6.I 
7.I 
a. I 
9.I 

10.1 
11.1 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
Z9. 
30. 
31. 
H. 
H. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 

C STATEMENTS IN THE MODEL. 
c 

LOGICAL PRINT 
DIMENSION TJFILE(NUIIR,8), IJFILE(NUIIR,8), ICASri(83,NUAIR,1) 
COMMON /TCDATA/ 1111(83), DENSC83), 

? IITINCNUAIR), IATSUCNUAIR), IDABN(NUIIR), IDABSCNUAIR) 
EQUIVALENCE CTJFILE,IJFILE) 
COMMON /CAS/ ICASFI, TJFILE, NAC, II, PRINT 
DIMENSION IATINRCNUAIR),lSUPRT(NUIIR) 
COMMON/RATE/IADJIN(NUAIR),IADJSU(NUAIR) 
CHARACTER•4 s,E,TYPE,LATI,LDNB 
EQUIVALENCE CTYPE,ITYPE),(NAC,N) 
COMMON/DPLYMT/IATCR,JDAI,ITCA 
DATA S2R/4.8481368E-6/ a SECONDS TO RADIANS 
DATA s,e,•s•,•E•/ 
NAC•O a AIRCRAFT COUNTER. 
RATI0•.420 I THIS NUMBiR IS (ROUGHLY) THE 

C PERCENT OF THE TOTAL OEPLOY-
C MENT DESIRED. CHANGE THIS 
C NUMBER TO CHANGE THE SIZE OF 
C THE DEPLOYMENT. 

DO 100 L•1,NUAIR a READ IN ATC RATES FROM 
C OABS/ATCRIS/AIMS PPM 

REI0(8,1)1ATINR(L),ISUPRT(L),DALAT,DALON I INTERROGATION, SUPPRESSION, 
C LATITUDE, LONGITUDE 

1 FORMAT(1QX,2I10,ZF10.4) 
c 
C READ THE TRANSPONDER CHARACTERISTICS FROM THE L. A. BASIN MODEL 

2 REA0(5,2Q,END•140)LID,LAM,LIS,LAT8,LOO,LOM,LDS,LDN8,ALT,TYPE, 
• ox,oy,oz 

20 FORMAT(ll2rA1,13,212,A1,]X,F8.D,9l,A4,1X,F6.4r1X,F6.4,1X,F8.4) 
CALL RANN(RAN) ; RANDOMLY ELIMINATE AIRCRAFT 
lf(RAN.GE.RATIO) GO TO 2 a FaOM DEPLOYMENT TO PRODUCE 
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*** INPUT *** 

1 47. c LOWER DENSITY DEPLOYMENTS. 
t 48. · IONE=1 
t 49. CALL FASCFOCIONE,TYPE,TYPE) a CONVERTS TYPE FROM ASCII TO 
1 50. c FIELOATA. 
1 51. CALL CNVRTCITYPE) a CONVERTS TYPE FROM FIELDATA 
t 52. c TO INTEGER. 
1 5:5. RLATs((LAD*1600)+CLAM*60)+LAS)*S2R a LATITUDE IN RADIANS. 
1 54. RLON•((LOD*1600)+CLOM•60)+LOS)•S2R a LONGITUDE IN RADIANS. 
1 55. IFCLAT8(1:1l.EQ.SC1:t))RLATa-RLAT a DETERMINE LOCATION 
1 56. c (N/S AND E/W). 
1 57. IFCLONBC1:1).EQ.EC1:1))RLON•-RLON 
1 58. N"NAC+1 a COUNT A/C 
1 59. c 
1 60. c LOAD POSITION, VELOCITY, AND TYPE OF EACH TRANSPONDER. 
1 61. c 
1 62. TJFILE(N,1)•ALAT a LATITUDE 
1 63. TJFILE(N,2)•RLON a LONGITUDE 
1 64. T JFILE (N, Jl•AL T a AL T ITUOE 
1 65. IJFILE(N,4)•1TYPE a TYPE OF TRANSPONDER 
1 66. TJFILE(N,5)sDX a OX (WESTWARD VELOCITY) 
1 67. TJFILE(N,6)•0Y a OY (NORTHWARD VELOCITY) 
1 68. T JFIL E( N, 7) •DZ a OZ (UPWARD VELOCITY) 
1 69. IFCIJFILE(N,4).EQ.D) IATCR•UTCR+1 a COUNT ATCRBS TRANSPONDERS. 
1 70. IFCIJFILE(N,4J.EQ.t) IDA!•IDAB+t a COUNT MODE S TRANSPONDERS. 
1 71. IFCIJFILECN,4).EQ.3) ITCA•ITCA+1 a COUNT TCAS TRANSPONDERS. 
1 72. IADJIN(N)•IATINR(N) a LOAD INTERROGATION RATES 
1 73. c FROM ~A8S/ATCR8S/AIHS PPM. 
1 74. IAOJSU(N)=ISUPRT(N) a LOAD SUPPRESSION AllES 
1 75. c FROM 0AISIATCR8S/AIMS PPM. 
1 76. c 
1 77. 100 CONTINUE 

78. 140 CONTINUE 
79. AETURN 
80. END 

*NON-S TO USAGE 3128 'TYPE' EQUIVALENCED TO A NONCHARACTER ITEM 

END FTN 1 NON-STD USAGES 183 I8ANK 796 OBANK 31988 COMMON 
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iiFTN,S A.I .. TLI 
FT,. 11R11R1A Co/03/B~-1~:0~(37,) 

1. SUBROUTINE INT Ll 
2. c 
~. c 
4. c 
5. c 
I>. c 
7. c 
II. C 
OJ. c 

10. c 
11 • c 
1.!. c 
13. c 
14. c 
15. c 
16. c 
17. c 
1 e. c 
19. c 
LO. C 
71. c 
n. c 
23. c 
.!4. c 
25. c 
lt>. c 
u. c 
.!~. c 
'~- c 
JO. 
31. 
32. 
33. .. 
l4. 
1. I 
2.I r. 
3.I C 
4. I C 
5.1 c 
6.I 
1. l 
~ • I 
9.[ • 

10. I 
11. I 
1 Z. I 
13. I 
14. 1 
n. 
1. I 

36. 
1. I 
2.I 

37. 
1. I 

3~. 

1 • l 

THE PURPUS~ Uf THIS SUB~OUTINE IS TO CHECK THE AMOUNT OF TC4S II M 
INTfR~~blTIONS SFNT (RUTH HOOf S &NO ATCRSS), &NO TO DETERMINE 
If ANY Of THE THRtE INTERFERENCE LIMITING INEQUALITIES ARE 
VIOLATED. IF VIOLATlO, POWER AND SENSITIVITY ADJUSTMENTS ARE 
POSSIBLE ACCORDING TO INTERFERENCE LIMITING PROTOCOL. THIS 
SUBkOUTINE ~AS MODELED ACCORDING TO THE MINIMUM OPERATIONAL 
PERFORMANCE STANUAWUS (MCPS). 

******************* INPUTS I OUTPUTS ********************************** 

COMMON BLOCKS I 

AOJS€N I 
CA~ I 
ILMS I 

Sf NS I 
SMOOIH I 

TCIJATA I 
HMP I 
TUX I 

VAlUABLES 
INPUTS OUTPUTS 

SESIT SESIT 
II 
AMSP AMSP 
I RESET IRE SET 

NIISL 
JSENS 
NUll NOW 
TIS 
AVMSPW 
I111 
IT IME 
JTIIANS 

DESCRIPTION 

ADJUSTED SENSITIVITY LEVELS OF TCAS II 
TCAS II M IDENTITY 
ADJUSTED POWER LEVELS OF TCAS II M 
16-SECOND FREEZE COUNTER 
I W-S LEVELS EACH TCAS II M IS USIN' 
SENSITIVITY LEVELS OF ALL AIRCRAFT 
NUMBER OF TCAS II M DETECTED 
SMOOTHED EMISSION POWERS 
SMOOTHED TOTAL MODE S POWER 
TC&S II M POINTER FILE 
ELAPSED TIME 
TRANSMISSION POWER OF ALL AIRCRAFT 

PARAMETER 
PARAMETER 
PARAMETI:W 

PMATCH = lO.••C (5.0-4.71/10.) 
PHSF&C • 10.••( (-4.71/10.) ) 
DNcoa • 10.••<.1> > 

i FACTOR FOR HOOE S POWER 
i MODE S POW AT ANTENNA 
II DEFINE 1 DB 

INCLUDE RESTART,LIST 
PARAMETER (NUAIR : 745) 

THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE 
STATEMENT~ IN THE MODEL. 

LOGICAL PD!SHO,PiNTLI,PTCSHT,PATMOO,POISIN,PFILES,PFRUIT,PSTATS 
COMMON IPRTol/ POI~Mu,PINTLI,PTCSNT,PATMOO,PDISIN,PFILES,PFRUIT, 

2 PSTAH 

• O!HtNSION TJFILt(NUAIW,~I, IJFlLE(NUAJR,8), ICASF1C8l,NUAIR,1) 
COMMON /TCOATA/ 1111(&1), OENS(8j), 

1 lATlN(NUAl~), lATSU(NUA(R)I IOABN(NUAIRI, IOA8S(NUAIR) 
EQUlVALFNC" (TJFILE,IJFILE) 
COMMON /CAS/ ICASFI, TJFILE, NAC, I[, PRINT 
INCLUDE T£MP,LlST 

COMMON /TEHP/ ITIHE 
INCLUOl ILMi•LIST 
CO~~ON /ILHS/ NWSL(~J), AMSP(8J), IRESET(8]), ATSUMP(0:83), 

Z lKfTQN, TPOW 
INCLUDE SMuOTH,LIST 

COMMON /~HOOTHI NOW(83), AVHSPW(8}),TISC831 
INCLU1E A~JStN,LIST 

CO~HON /AOJStN/ SESIT(8j) 
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_\9. 
1. [ 

40. 
1 • I 

"1 • 
42. 
"~. 
1. I 

44. 
45. 
46. 
47. 

"~· 1,9. 
>O. 
!>1. 

1 '>2. 
2 5 \. 
2 '>4. 
2 5'5. 
1 56. 
1 57. 
1 !>8. 
1 59. 
1 oo. 
1 .:.1 • 

oZ. 
1 b.\. 
1 64. 
1 o5. 
1 oo. 
1 r-7. 
1 c-8. 
1 r-9. 
1 70. 
1 71. 
1 72. 
1 15. 
1 74. 
1 75. 
1 76. 
1 17. 
1 7d. 
1 79. 
1 llO. 
1 i 1. 
1 ll2. 

' ->5. 
{_ :!4. 
l JS. 
' o6. '-
l b7. 

" ~a. 

119. 
4 ~0. 

3 ill. 
:s t2. 
:s ~I • 
3 ~4. 

* • 

* 

INCLUDE AThllH 
CO'IMON /Ht/ UR4Jl(:JJ) 

lNCLUOE T~~X,LI~T 

CO'I'ION /TRAX/ JTRAN'S(NUAIR) 
INCLUDE StN~1llST 

CO~MON /~tNS/ JSENS(NUAIR) 
IO "' I11HIO 
I~ESET(II)•IREScT(Il)-1 

RSEQ1 • 7.E+4/(1 + N04(II) 
RSEQ~ a 2.f•4/(1 + NUw(Il) 

a IO Of TCAS II K OF INTEREST 
i ~ECREKcNT FREEZE CLOCK 
i 2'SOW * 280 A/C I (1 + NOF TCAS DET BY SQ) 
a 2SOW * 80 A/C I (1 +N~W) 

* POINT 1: ELIMINATE w-S STEPS TO STASIFY E~UATION ~ 

• 
10 IF( ATSUMP(NWSL(II) ) .~T. RSEQJ) THEN 

• 

IF( NWSL(ll) .EQ. Q) THEN ~ CHECK IF ANDY W-S STEP ARE LEFT 
IRtT~N = 0 
RfTUR~ 

C:NO If 
NWSL(II) = NWSL(II) - 1 
GO TO 10 

END IF 

a REKO~E 1 W-S LEVEL 
i RECHECK EQUATION l 

* POINT 2: CHECK TO SEt IF 16 SEC FREELE ON KODE S ~ARIATIONS IS ON 
* 

If( l~cSET(II) .~T. 0 .AND. ITIKE .GT. 15) THEN 
IIIETRN • 1 i1 SEE FI~URE l-l 
RE TUMN 

ELSE i FREELE IS OFF 
* * POINT 3: CHECK EQUATIONS 1 AND l 

20 TKSPOW ~ A~KSPW(li)•PMSFAC i AVeRAGE RATE * AVERAGE POWER (IN WATTS) 
TATPOW a ATSUMP( NWSLCII) ) a TOTAL ATCRBS POWfR 
TPOW = TMSPOW + UTPOW Ill TOTAL POWER RADIATED IN LAST SECOND 
LSEQ2 • ~O•NWSL(ll) + 100•NlNT(TlS(II)_) i I OF USEC OF SELF-SUPRESSION 

* 
IF( TPOW .LT. RS~Q1 .AND. LSEQ2 .LT. 10000)THEN i EQUATIONS 1 AND 2 

* * POINT 4: CHECK TO SEE IF MODE S ~ANGE > ITCRBS RANGE. SINCE THE RINGE IS 
* OIRECTLY PROPORTIONAL TO THE TX POWER, AND THE ATCRBS SENS IS 3 08 > MODE S 
* SENS• THE E~UIVALENT CHECK IS TO SEE IF MODE S POW + 3 DB > HIGHEST ATCRBS W-S 
* LEVEL SfNT. A FACTOR OF 4.7 08 MUST BE SUBTRACTED FROM THE MODE S POWER STORED 
* IN AMSP(ll) TO ACCOUNT FOR CABLE ~OSSES AND ANTENNA GAIN ON THE HORIZON. THIS 
* FACTOR MINUS THf j 08 DUE TO SENSITIVITr DIFFERENCES IS THE PARAMETER P"ATCH. 

IFC AMSP(Il)•PMATCH .GT. HIATPW(NWSL(II)) ) THEN 
* 
* POINT 5: ADO 1 W-5 LEVEL 4NO RECHECK EQUATION l 
• 

• 

If( Nlll~l(II) .EQ. 81)THEN 
IKtTRN • l 
R5TURN 

tro.cl IF 
TAT~OW = ATSUKP( NWSL(II) +1) 
IF(TATPOW .LE. RSEQl) THEN 

i ALL W-S LEVELS SENT 
i SEE FIGURE 3-3 

i ADO W-S LEVEL 

* POINT 6: CHECK IF ADDING A W-S LEVEL ~lOLATES EQUATIONS 1 OR l 
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} ~s. 

4 --~. 
4 Y7. 
~ 11rl. 
~ '1'1. 
5 11Jfl. 
> 1 U1. 
~ 102. 
s 1•H. 
4 1•l4. 
j 105. 
} 1u6. 
l 1 fll. 
l 10d. 
z 1 uY. 

110. 
.i 111 • 
3 1 ll. 
~ 10. 
3 114. 
3 1 IS. 
~ 1 1 0. 
l 117. 
3 11 o. 
J 10. 

1~0. 

~ 1l1. 
I. 1l2. 
l 11}. 
l 1l4. 
l 1£5. 
~ 1liJ. 
2 127. 
2 1 ld. 
2 1 29. 
l 1 10. 
3 1.11. 
l 1 l2. 
J 1H. 
j 1.14. 
j 1 IS. 
j 1 H>. 
~ 1.17. 
j 1.ld. 
4 139. 
4 1~0. .. 141. 
4 h2. 
4 hl. 
l 144. 
l 14~. 

l 141>. 
1 147. 
1 hJ. 

g9. 
150. 

Appendix B 

IPU~ • TATPO~ + TM~POW 
lf(IP~W .bT. ~5EQ1 .OR. LSEQ2+60 .GT.10000lTHEN 

IRURN = l 
RLTUIIN 

ELjl:' 
NoiSL(II) 
t.u r o 2 o 
If fNO 

ENU If 
tHO IF 

NIII:OLClll + 1 

a SEE iiGURE J-3 
a POINT 7 

iii POINT d 
i GO TO POINT 3 
iii END FOR POINT 6 
i END FOR POINT 5 
iii END FOR POINT 4 

• POINT Y: CHECK TO Sc~ IF MODe S RANGE CAN ~E INCREASED 

POWMS = JTkANS(I0)/1000. 
If( AM~P(I[) .LT. POWMS)THEN 

AMSP(Il) z AMSP(Il) * ONEDB 
StSITCII) = SESIT(Il) - 1. 
I~t:SET (l[) = 16 
r~tfl<'l = .. 
"F. TURN 

ELSC 
[RtlRN 
RETURN 

END 1 F 

iii MAX MODE S POWER IN WATTS 
iii INST POW < MAX POW 
a 1 DB INCREASE IN POWER 
a 1 OB DECREASE IN MTL 
iii POINT 15 RESET FREEZE 

a POINT 11 

ELSF • COME HERE FROM POINT 3 IF IT IS FALSE 

* POINT 12: DOES MUOE S RANGE EXCEED ATCRBS RANGE ? 

ATP~ • HIATPW(NW:OL(ll) ) 
AMSPW • AM~PCII) * PMATCH 

C IIIPIT~(~,1oiAMSP(Il),AHSPW,ATPW 

16 FORMAT(' IN INTLI liNE 125: AMSP ANSPW ATPW 1 ,}F8.1) 

* IF( AMSP(li)•PMATCH .GT. 
AM~P([J) z AHSP(Il) I 
S~SlT(li) ~ SESIT(Il) 
lR!:SEr(l[) = 1b 
IW£TRN " o 
~ETU~N 

FlSt 

HlATPW(NWSL(ll)) ) THEN 
ONED~ i 1 08 DECREASE IN POWER 
+ 1. a 1 DB INCREASE IN MTl 

a POINT 1S: FREEZE MODE S 
a SEE FIGURE J-J 

NWSL(Il) : NWSL(II) - 1 iii POINT 14: DELETE 1 W-S LEVEl 
If( NWSL(ll) .E~. OITHEN a NO W-S LEVEL LEFT TO DELETE 

WRITE(6,o)'JN INT~I: AlL w-s•, 
l 1 LEVtLS DELETED FOR TCASI =',II 

IR£JRN = 7 
RETUQN 

END IF 
GU TO 20 

END IF 
END IF 

ENIJ IF 

RETURN 
ENO 

B-38 

a GO TO POINT 3 

a 



DOT/FAA/PM-85/22 Appendix B 

••• LOAD .... 
iFTN,S A.LOAD,LOAD 
FTN 11R1 OZI27185-16:35C15,) 

1 
2 
2 
2 
2 
2 
1 

1. SUBROUTINE LOAD 
2. c 
J. 
4. 
5. 
6. 
7. 
8. 
9. 

1 o. 
11. 
1 z. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
21. 
24. 
25. 
26. 
27. 
28. 
1.1 
2.1 
l.I 
4.1 
5.1 
6.1 
7.1 
8.1 
9.1 

10.1 
11.1 
29. 
30. 
11. 
3Z. 
33. 
34. 
35. 
36. 
37. 
311. 
39. 
40. 
41. 
42. 
4'3. 
44. 
45. 
46. 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

THE FUNCTIONS OF THIS SUBROUTINE ARE: 
1. fO UPDATE AIRCRAFT POSITIONS 
z. TO COMPUTE THE HEADING OF fACH TCAS 
3. TO UPDATE MODE S TRACK ARRAY (1 TRACK) 
4. TO LOAD ARRAY BETWEEN TCAS AND VICTIM AIRCRAFT (ICASFIJ 

THAT CONTAINS POWER, RANGE, BEARING, AND TYPE 
5. TO COMPUTE THE AIR TRAFFIC DENSITIES ABOUT EACH TCAS. 

************************ INPUTS I OUTPUTS ***************************** 

COIIMON BlOCKS I VARIABLES 
INPUTS OUTPUTS DESCRIPTION 

CAS I ICASFI TCAS II M ENVIRONMENTAL FILE 
HAC ~UMBER OF AIRCRAFT 

TJFILE AIC CHARACTERISTICS FILE 
SURV I ITRACl IT RACK MODE S TRACK FILE 
TCAA I NUMTCA NUMBER Of TCAS II M AIRCRAFT 
TCOATA I DENS A/C DENSITY ABOUT EACH TCAS II 

I1 1, TCAS II M POINTER FILE 
TEMP I IT IME ELAPSED TIME IN SIMULATION 

LOGICAL ZERO 
COMMDNIB88EARITLAT,TLON,RLAT,RLON,OIST,BEAITX 
INCLUDE RESTART,LIST 
PARAMETER (NUAIR • l2B) 

C THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE 
C STATEMENTS IN THE MODEL. 
c 

LOGICAL PRINT 
DIMENSION TJFILE(NUAIR,8), IJFILECNUAIR,8), ICASFI(8J,NUAIR,1J 
COMMON /TCDATAI I111C8J), DENS(BJ), 

! IATINCNUAIR), IATSUCNUAIR), IDABNCNUAIR), IDABSCNUAIR) 
EQUIVALENCE CTJFILE,IJFILE) 
COMMON /CAS/ ICASFI, TJFILE1 NAC, II, PRINT 
COMMDNISURVIITRACKC83,500) 
COMMONITEMPIITIME 
COMMONITCAA/NUNTCA 
DIMENSION THETAC83) 
DEFINE FLO(I,J,K)• BITS(K,I+1,Jl 
CF • 0.0002909 a CONVERTS NAUTICAL MILES TO 

C RADIANS. 
1 IFCITIME.NE.O) THEN 

c 
C UPDATE A/C POSITIONS EVERY FORTY SECONDS. 
c 

DO 310 KR a 1, NAC 
QLAT = TJFILECKR,1) 
TJFILECKR,1) • TJFILE(KR,1) + CTJFILECKR,6l•CFJ•40. 
TJFILECKR,ZJ • TJFILECKR,ZJ+(TJFILECKR,5J•CF/COS(QLATJJ•40. 
TJFILE(KR,J) • TJFILE(KR,J) + TJFILE(KR,7)•40. 

'310 CONTINUE 
END IF 
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••• 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

LOAD 

41. 
48. 
49. 
so. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 

1 oo. 
101. 
1 oz. 
101. 
104. 
105. 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 
c 
c 

c 

c 
c 
c 

c 

c 

c 

1 

••• 

LOAD/UPDATE ARRAYS. 

DENSU : 0. 
OENSU1 • O. 
OENSUS " O. 
OENSUJ z O. 
OENS5 z 0. 
OENSlO " O. 
DO 300 I z lr NUMTCA 

COMPUTE HEADING OF TCAS II M 

IH"' 1111(1) 

Appendix B 

a ZERO OCT DENSITY COUNT~RS 

a LOOP OVER ALL TCAS II M A/C 

THETA(!) a ASIN(TJFILECIHr6)/((TJFILE(IHr5J••2 + 
TJFILE(IHr6J••2.)••0.5))e57.2957 

THE FACTOR OF 57.2957 IN THE ABOVE EQUATION CONVERTS THE ANGLE FROM 
RADIANS TO DEGREES. 

THE ANGLE THETA A80YE WAS COMPUTED IN THE FOLLOWING COORIOINATE SYSTEMa 
DUE WEST IS 0 DEGREES, DUE NORTH IS 90 DEGREES, EAST IS 180 DEGREES, 
AND SOUTH IS 270 DEGREES. HOWEVER THE COORIDINATE SYSTEM WE WISH TO 
WORK IN IS AS FOLLOWS: NORTH IT 0 OEGREESr WEST AT 90r SOUTH AT 180, 
ANO 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 IS HEADING EAST SUBTRACT THAT 
ANGLE FROM J60 DEGREES, WHICH RESULTS IN ADDING 270 TO IT. (NEW 
THETA • 90 - THETA, AND EAST -THETA • 360 - NEW THETA • 360 - C90-
THETA) • 270 + THETA.) 

YAW • 90. - THETA(!) 
IF CTJFILECIH,S).LT.O.) YAW • 270. + THETA(!) 
THETACI) • YAW•3.14159/180. a 3.14159/180 CONVERTS THE 

MIXNAC • 0 
TLAT • TJFILECIH,1) 
TLON z TJFILECIHr2) 
ALT1 • TJFILE(IH,J)/6076.0 

LOOP OVER All AIRCRAFT 

00 500 J z 1, NAt 
ICASFICirJ,1) • 0 
IF CIH.EQ.J) GO TO 500 

ALIT • TJFILE(J,1) 

RLDN = TJFILE(J,2) 

ALT2aTJFILE(J,3)/6076.0 

CALL 8EAR 

8EARTK a 8EARTK * 40. 
A a DIST 

8 : (ALTI - ALT2) 

B-40 

ANGLE BACK INTO RADIANS 

a TCAS liM LATITUDE IN RADIANS 
a TCAS IIH LONGITUDE IN RADIANS 
a TCIS liM All IN NMI 

i DON'T SELECT THE TCAS II M AS 
THE VICTIM AIRCRAFT. 

a UPDATE VICTIM AIRCRAFT 
LATITUDE (RADIANS). 

a UPDATE VICTIM AIRCRAFT 
LONGITUDE (RADIANS). 

a VICTIM AIRCRAFT 
ALTITUDE CNMI). 

a COMPUTE RrTHETA OF VJCTIM 
lilt CRAFT. 

a HORIZONTAL DISTANCE 
(NAUTICAL MILES). 

a DIFFERENCE IN ALTITUDE 
(NAUTICAL MILES). 
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••• 
2 
2 
2 
2 
2 
2 
2 
2 
l 
l 
4 
4 
s 
s 
s 
4 
l 
3 
3 
3 
4 
4 
4 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
l 
3 
3 
3 
3 
l 
3 
J 
l 
3 
3 
3 
2 

LOAD 

106. 
107. 
108. 
109. 
110. 
111. 
112. 
113. 
114. 
115. 
116. 
117. 
118. 
119. 
120. 
121. 
122. 
121. 
124. 
125. 
126. 
127. 
128. 
129. 
130. 
131. 
132. 
133. 
114. 
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. 
1 c1. 
162. 
161. 
164. 

c 

c 

c 

1200 

1201 

5001 

5004 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

sao 

••• 

Appendix 'A 
- ----------------

C = (SQRT(A•A + 8*8}}•10. Q STRAIGHT - LINE DISTANCE 
(SLANT RANGE). 

Sl TAG = C + 1. 
If (IJfiLE(J,4).EQ.0) GO TO 5004 

o~A8SCB•1.15•5280.> 

a IN TENTHS Of NAUTICAL MILES 
a IF MODE S OR TCAS II M A/C, 

UPDATE TRACK FILE 

IF ((SLTRG .LE. 500) .AND. (8 .LT. 1.48)) THEN 
LOAD NfW AIRCRAFT 

ZERO z .FALSE. 
DO 1200 IX • 1, 500 

IF (FL0(0,10,ITRACK(I,JX)l.EQ.J) GOTO 1201 
IF ((ITRACKCI,JX).EQ.Ol.AND.C.NOT.ZERG)) THEN 

lERO a: • TRUE. 
J1 • IX 

END IF 
CONTINUE 
FLO(Q,10,ITRACK(I,J1)) • J 
CONTINUE 

ELSE a ELIMINATE FROM MODE S TRACK 
00 5001 IZ • 1, 500 a FILE All AIRCRAFT BEYOND 50 

IN a FLO(Q,10,JTRACK(I,Il)) a NMI OF TCAS II M. 
IF (IN .EQ. J} ITRACK(I,IZ) • 0 

CONTINUE 
END IF 
CONTINUE 

UPDATE TCAS ENVIRONMENTAL ARRAY 

IN THE FOLLOWING PROPAGATION LOSS EQUATION: 
37.80 a CONSTANT ADJUSTMENT FACTOR FOR THE UNITS 
1030 • UPLINK FREQUENCY IN MEGAHERTZ 
SLTRG/10 • THE SLANT RANGE IN NMI 
3.0 z CABLE lOSS 
60.0 • CONVERSION FROM KILOWATTS TO MILLIWATTS 

AP • 37.80+2D.•ALOG10C1030.)+20.•ALOG10CSLTRG/10.)+3.0-60. 
PR • (-AP>•10. a LOSSES WITHOUT ANTENNA 

IF CSLTRG.GE.500) ICASFI(J,J,1) • 0 
IF (SLTRG.LT.500) THEN 

COUPLINGS. 

IF (A.LE.10.) MAXNAC • MAXNAC + 1 8 COUNT THE AIRCRAFT WITHIN 
10 NMI OF TCAS liM. 

IX = INT(SL TRG) a RELATIVE R-ANGE. 
IY a INT(BEARTX) a RELATIVE BEARING. 
Il • INT(ABSCPR)) a RELATIVE POWER. 
FLOCOO,Q9,ICASFICI,J,1)) • IX a LOAD RANGE. 
FLOC17,10,ICASFI(I,J,1)) • IZ 8 LOAD POWER. 
FLO(J4,2,ICASFI(I,J,1)) • IJFILE(J,4) 
TEMP1 z (IY/40.) - THETA(!) 
IF CTEMP1.LT.0) TEMP1 • TEMP1 + 6.28318 
TEMP a (TEMP1/0.098175) + 1 
MSEC = INTCTEMP) 
IF (MSEC.EQ.O) MSEC z 1 
FLOC27,7,ICASFI(I,J,1)) • MSEC 
IF (MSEC.GT.65) FLDC27,7,ICASFI(I,J,1)) = 64 
THE = TEMP1•40. 
FL0(9,8,ICASFICI,J,1)) • INTCTHE) Q LOAD BEARING OF VICTIM. 

ENO IF i END VICTIM ALE FILE. 
CONTINUE 
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••• LOAD . ... 
2 165. c 
2 166. c COMPUTE LOCAL DENSITY ABOUT TCAS II M 
2 167. c 
1 168. DfNSU) 3 MAXNAC/(3.14159•100.) a AIR TRAFFIC DENSITY 
1 169. c WITHIN 10 NAUTICAL MILES. 
1 170. c 
1 171. 300 CONTINUE a END TCAS AIRCRAFT. 

172. RETURN 
173. ENO 

END FTN 517 IBANl 206 OBANl 72837 COMMON 
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.... PRES£T . ... 
aFTN,S B.PRESET,PRESET 
FTN 11R1 02/27185-16:15(47,) 

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

1. SUBROUTINE PRESEJ 
2. c 
3. c 
4. c 
5. 
6. 
7. 
a. 
9. 

10. 
11. 
12. 
11. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
1.1 
2.1 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

THE PURPOSE OF THIS SUBROUTINE IS TO APPROXIMATE THE INTERFERENCE -
LIMITING EFFECTS ON EACH TCAS AIRCRAFT. 
THIS SUBROUTINE IS ONLY CALLED FOR 1 ITIME • 0 1 • 

••••••••••••• INPUTS I OUTPUTS •••••••••••• 
COMMON BLOCKS I VARIABLES 

INPUTS OUTPUTS 

ADJSEN I SESIT 

CAS I T JFILE 
DPLYMT I IDAB 

ITCA 
ILMS I AMSP 

SENS I JSENS 
SURY I ITUCK 
TCU I NUMTCA 
TCOATA I 1111 
TUX I JTAANS 

INCLUDE AESTAAT,LIST 
PARAMETER (NUAlA • 328) 

DESCRIPTION 

TCAS II M SENSITIVITIES ADJUSTED 
TO CONFORM TO 1-L EQUATIONS 

AIRCRAFT CHJRACTERISTICS FILE 
NUMBER OF MODE S AIRCRAFT 
NUMBER OF TCAS II M AIRCRAFT 
TCAS II M tRANSMISSION POWER, 

ADJUSTED TO SATISFY I-L EQNS. 
AIRCRAFT SENSITIVITY LEVELS 
MODE S TRACK FILE 
NUMBER OF TCAS AIRCRAFT 
TCAS II M POINTER FILE 
AIRCRAFT TRANSMISSION POWERS 

3.1 C THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS All WRITE 
4.1 
5.1 
6.I 
7.1 
8.1 
9.I 

10.1 
11.1 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
]4. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 

C STATEMENTS IN THE MODEL. 
c 

LOGICAL PAINT 
DIMENSION TJFILE(NUAtA,8), IJFILECNUAIA,S), ICASF1(83,NUAIA,1) 
COMMON ITCDATA/ 1111(8]), OENSC83), 

? IATIN(NUAIR), IATSU(NUAIA), IOA8NCNUAIA), IDA8SCNUAIR) 
EQUIVALENCE CTJFILE,IJFILE) 
COMMON /CAS/ ICASFI, TJFILE1 NAC1 II, PAINT 
COMMON/SUAV/tTRACK(83,500J 
COMMON/TCAAINUMTCA 
COMMONIILMSIKCARRC83),AMSP(8]),IAESETC83) 
COMMONIAOJSEN/SESIT(83J 
COMMON/TRAXIJTRANS(NUAIR) 
COMMONISENS/JSENSCNUAIR) 
COMMON/OPLYMT/IATCR,IDA8,ITCA 
DEFINE FLO(I,J,K)•BITS(K,I+1,J) 
NTAK = 500 
DO 1 IT • 1, NUMTCA 

SQTARG • O. 
AQTARG • 0. 
RCTARG • O. 
LT a I11HIT> 
TCALT = TJFILE(LT,]J 
DO 2 IF • 1, NTRK 

K & FLO(Q,1Q,ITRACK(IT,IF)} 
IF (K.EQ.O) GO TO 2 
ITEMP = FLOC34,z,ICASFI(IT,K,1)) 
IF (ITEMP.EQ.O) GO TO 2 
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a NUMBER OF TRACKS IN TRACK FILE 
a LOOP OYER ALL TCAS liM A/C 

a TCAS liM ALTITUDE. 
a LOOP OYER TCAS IIM-MOOE S 
a TRACK FILE. 
a AIRCRAFT REMOVED FROM TRACK 
a GET ID IN ENYIAOMENT ARRAY 
i 0 MEANS ATCABS AIRCRAFT. 
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*** 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 

PRESET *** 

47. 
48. 
49. 
so. 
51. 
52. 
5J. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
7J. 
74. 
75. 
76. 
17. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 

SR a FLD(Q,9,ICASFICIT,K,1))/10. 
If CSR.GT.35.) GD TO 2 a SA GREATER THAN 35 NMI 
SQTARG a SQTARG + 1 i SQUITTER COUNT (SQTARG) 
AMSALT • TJFILE(K,]) 8 MODE S ALT. (I'EET). , 
DALT z ABSCTCALT - AMSALT) a DIFFERENCE IN AlT. (FEET). 
IF CSR.GT.30.) GO TO 2 
II' (DAlT.GT.9000.) GO TO 2 
IF (SR.GT.7.16) AOTARG • AOTARG + t a COUNT NUMIER IN AQUISITION 
II' CSA.lE.7.16) RCTARG • ACTARG + 1 a COUNT NUMIER IN ROll CALl 

2 CONTINUE a END TRACK lOOP. 
IMDS • IDAB + ITCI a TOTal NUMBER OF MODE S 

C AND TCAS liM AIRCRAFT. 
NTCS•SQTARG*(FlOAT(ITCA))/(I'lOAT(IMOS))i TOTAl NUMBER 01' SQUITTER 

C TARGETS fOR MODE S I TCAS. 
c 
C DETERMINE NUMBER OF POWER & SENSITIVITY ADJUSTMENTS NEEDED TO SATISFY 
C INEQUALITY *1 OF INTERFERENCE-LIMITING. MAKE NO MORE THAN SEYEN 
C ADJUSTMENTS. SEE ECAC-PR-84-003 AND THE TCAS MOPS FOR MORE INFORMATION. 
c 

c 
1200 

c 

JATEN a -1 
ANEQ • 300. 

If ((ANEQ .GE. 280.) .AND. (JATEN .LE. 7)) THEN 
JATEN • JATEN + 1 

C APPROXIMATE THE NUMBER OF INTERROGATIONS SENT BY TCAS liM. 
NHT•CC1.2•RCTARG)+(0.05•AQTARG*(0.890••JATEN))) 

c 
C CAlCUlATE INEQUALITY 11 AND CHECK TO SEE IF IT HAS BEEN SATISFIED. 

ANEQ • NHT•C.892•*JATEN)*NTCS 
GO TO 1200 

END IF 
SESITCIT) a JSENS(lT) + JATEN a ADJUSTED TCAS liM SENSITIVITY 

C TO BE USED IN I-l. 
ATRANSaJTRANSCLT)/1000. 
AMSP(IT)•(ATRANS•C0.790**JATEN)) 8 ADJUSTED TCAS liM POWER 

C TO BE USED IN I-L. 
CONTINUE 
RETURN 
END 

END FTN 236 IBANK 88 DBANK 73821 COMMON 
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.... UNN .. .. 
iFTN,~ B.RANN,RANN 
FTN 11R1 02127/85-16:35(4,) 

1. SUBROUTINE RANN(RAN) 
2. c 
.s. C THIS SUBROUTINE IS A RANDOM NUMBER GENERATOR DEVELOPED BY C. W. EHLER • 

'· 5. 
6. 

1 7. 
1 8. 
1 9. 

1 o. 
11. 
12. 
13. 

c 
LOGICAL GTIST 
IF (.NOT.(GTIST)) THEN 

ISEEO • 532413 
G'TIST • .TRUE. 

END IF 
ISEED = ISEE0•3125 
RAN = A8S(FLOAT(ISEE0))•.291038304829917250D-10 
RETURN 
END 

END FTN 39 IBANl 16 DBANl 
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.... S TATS *** 

aFTN,S B.STATS,STATS 
FTN 11R1 02/27/85-16:35(49,) 

1 
1 
1 
1 
1 
1 

1. SUBROUTINE SlATS 
2. c 
3. c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
1. I 
2.1 c 

THE PURPOSE OF THIS SUBROUTINE IS TO COMPUTE STATISTICS FOR SEVERAL 
TCAS VARIABLES. 

******"****************** INPUTS I OUTPUTS ****************************** 

COMMON BLOCKS I VARIABLES 
INPUTS OUTPUTS 

ATE I ORATE 
CAS I NAC 
DPLYMT I UTCR 

IDAB 
ITCA 

SMOOTH I NOW 
TCDATA I lATIN 

IATSU 
IDABN 
I DABS 

TCRAT1 I AT CUT 
TEMP I IT IME 

INCLUDE RESTART,LIST 
PARAMETER (NUAlA 2 328) 

ORATE 

DESCRIPTIONS 

TOTAL INTERROGATIONS REC"D BY TCAS liM 
NUMBER OF AIRCRAFT IN DEPLOYMENT 
NUMBER OF ATCRBS AIRCRAFT 
NUMBER OF MODE S AIRCRAFT 
NUMBER OF TCAS II M AIRCRAFT 
NUMBER OF TCAS liM INTERROGATIONS 
ATCRBS INTERROGATIONS DUE TO TCAS II M 
ATCRBS SUPPRESSIONS DUE TO TCAS II M 
MODE S INTERROGATIONS DUE TO TCAS II M 
MODE S SUPPRESSIONS DUE TO TCAS II M 
TCAS I INTERROGATIONS AT EACH AIRCRAfT 
SIMULATION TIME 

3.1 C THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS All WRITE 
4.1 
5.1 
6.1 
7.1 
8.1 
9.1 

10.1 
11.1 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
n. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 

C STATEMENTS IN THE MODEL. 
c 

c 

LOGICAL PRINT 
DIMENSION TJFILECNUAIR,8}, IJFILECNUAIR,8), ICASFIC83,NUAIR,1) 
COMMON ITCOATAI I111C8J), OENSCBJ), 

! IATINCNUAIR), IATSUCNUAIR), IDABNCNUAIR), IOABSCNUAIR) 
EQUIVALENCE CTJFILE,IJFILE) 
COMMON /CAS/ ICASFI, TJFILE, NAC, II, PRINT 
COMMON/TEMP/ITIME 
COMMON/SMODTH/NOWC83),yiSC8l),TPSC8l) 
COMMON/ATE/DAATEC83) 
COMMON/DPLYMT/IATCR,IDAB,ITCA 
COMMON/TCRAT1/ATCRATCNUAIR) 

C COMPUTE AVERAGE NUMBER OF TCAS II M WITHIN EACH TCAS VOLUME, AND 
C AVERAGE NUMBER OF INTERROGATIONS SENT BY TCAS II M. 
c 

c 

SIGSUM = 0.0 
PSUM = 0.0 
OSUM "' 0.0 
DO 10 NS 2 1, ITCA 

ANOW • NOW(NS) 
PSUM • PSUM + ANOW/FLOATCITCA) 
SIGSUM "' SIGSUM + ANOW•ANOW 
DRATECNS) 2 DAATECNS) + 1 
DSUM = DSUM + OAATE(NS)/FLOAT(ITCA) 

10 CONTINUE 

a TCAS liM SQUITTER COUNTER. 
8 COMPUTE AVERAGE NUMBER OF 
a TCAS IIM IN VOLUME. ' 

a AVERAGE INTERROGATIONS 

ESOEV • SQAT(CSIGSUM/FLOAT(ITCA)) • PSUM•PSUM) 
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*** 

1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
! 

SlATS *** 
47. 
48. 
4'1. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
sa. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
61. 
68. 
69. 
70. 
71. 
72. 
1'3. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
8'3. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
9'3. 
94. 
95. 
96. 
97. 
98. 
99. 

100. 
101. 
102. 
103. 
104. 
105. 

c 
c 
c 

c 

SUM • ITCA + IDAB 
SUM1 "' UTCR 
1SUM2 s 0 
ISUHJ • 0 
ISUM4 " 0 
l5UM5 " 0 
ISUM8 • 0 
15UM9 • 0 
15UM10 " 0 
ISUM11 • 0 
DO 11 IK • 1, NAC 

IF CIJFILECIK,4).NE.0) THEN 

i TOTAL NUMBER OF MODE 5 A/C 
a NUMBER OF ATCRBS-ONLY A/C 

COMPUTE SlATS ON TCAS I, TCAS IIM1 AND MODE S INTERROGATIONS. 

ISUM2 • ISUM2 + IDABN(IK) + ATCRAT(IK) 
ISUM3 • ISUMl + IOABS(Il) 
ISUM4 • ISUM4 + (IOABN(IK) + ATCRATCIK))**2. 
ISUMS a !SUMS + IOABS(Il)•IDABSCIK) 

ELSE 

C COMPUTE NUMBER OF WHISPER-SHOUT INTERROGATIONS AND SUPPRESSIONS 
C RECEIVED AT ATCRBS. 
c 

ISUM8 • ISUM8 + IATINCIK)+ATCRATCIK) a W-S INTERROGATION RECEIVED 
C AT ATCRIS DUE TO TCAS I I II 

ISUM9 • ISUM9 + IATSU(Il) a WHISPER-SHOUT SUPPRESSION 
C RECEIVED AT ATCRBS. 

ISUM10 • ISUM10 + (IATINCIK) + ATCRATCIK))••2. 
ISUM11 • ISUM11 + IATSUCIK)*IATSUCIKl 

END IF 
11 CONTINUE 

AI • 15UM8/SUM1 a ATCRB$ INTERROGATION. 
AS • ISUM9/SUM1 a ATCRBS SUPPRESSION. 
AISDV • SQRTCISUM10/SUM1 - AI*Al) a STANDARD DEVIATION 
ASSDY ~ SQRTCISUM11/SUM1 - AS*ASl 
OI • ISUM2/SUM a AVERAGE MODE S INTERROGATIONS 
OS • ISUMl/SUM a AVERAGE MODE S SUPPRESSIONS 
OtSOV • SQRT(ISUM4/SUM - DI•DI ) a STANDARD DEVIATION 
DSSOY s SQRTCJSUM5/SUM - OS•OS) 
IF (PRINT) WRITE(•,12) ITIME, PSUM, ESOEV, OSUM, AI, AISOV, AS 
IF (PRINT) WRITEC•,tl) ASSDV, OI, DISOY, OS, DSSDY 

12 FORMAT C'1',1X,'SINULATtON TIME: •,IJ,• SECONDS',/,/,1«, 
? 'AVERAGE NUMBER OF TCAS II M IN ANY TCAS II M VOLUME: •, 
' F1o.,,,,1x, 
't STANDARD DEVIATION: •, 
1 F10.4,/,/,1X, 
't 'AVERAGE NUMBER OF INTERROGATIONS SENT BY TCAS II M: •, 
1 F10.4,/,/,1X, 
't 'AVERAGE ATCRBS INTERRRDGATIONS RECEIVED DUE TO TCAS II M: •, 
1 F10.4,/,1x, 
? 1 STANDARD DEVIATION: •, 
't F10.4,/,/,1X, 
't 'AVERAGE ATCRBS SUPPRESSIONS RECEIVED DUE TO TCAS II M: •, 
? F10.4) 

11 FORMAT (/,1X, 
? STANDARD DEVIATION: •, 
? F10.4,,,,,1x, 
? 'AVERAGE MODE S INTERROGATIONS RECEIVED DUE TO TCAS It M: •, 
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••• STATS ••• 
106. ' F10.4,/,tx, 
107. 'P STANDARD DEVIATION: •, 
108. 'P F10.4,/,/,1X, 
109. ., 1 AVERAGE MODE S SUPPRESSIONS RECEIVED DUE TO TCAS II M: ., 
11 o. ? F10.4,/,1x, 
111. ? STANDARD DEVIATION: ., 
112. 1 F10.4) 
113. RETURN 
114. END 

END FTN 297 IBANit 309 OBANit 31993 COMMON 
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*** TClSt *** 
iFTN,S B.TCAS1,TCAS1 
FTN 11R1 02127185-16~35(19,) 

1 
1 
1 
1 
1 
1 
2 
2 
z 
2 
2 
2 
z 
2 

1. SUBROUTINE TCAS1 
2. c 
3. c 
4. c 
5. c 

c 
c 
c 

6. 
7. 
a. 
9. 

1 o. 
11. 
1 z. 
1]. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
1.1 
2.1 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

THE FUNCTION OF THIS SUBROUTINE IS TO DETERMINE THE EFFECTS OF 
DEPLOYING TCAS1 AIRCRAFT IN THE ENVIRONMENT. All MODE S AIRCRAFT 
ARE ASSUMED TO BE TCAS I-EQUIPPED. THIS SUBROUTINE IS CALLED ONLY 
WHEN A TCAS I ANALYSIS IS CONDUCTED. 

••••••••••••••••• INPUTS I OUTPUTS 

COMMON BLOCKS I VARIABLES 
INPUTS 

INTO I PASBOT 
PASTOP 

ANTT I ANTBOT 
I ANTTOP 

CAS I IJFILE 
NAC 
TJFILf 

SENS I JSENS 
TCRAT1 I 

INCLUDE RESTART,LIST 
PARAMETER CNUAIR • 328) 

OUTPUTS 

ATCRAT 

•••••••••••••••••••••••••••••••••••••• 

DESCRIPTION 

RECEIVING ANTENNA PATTERNS: BOTTOM 
TOP 

TRANSMITTING ANTENNA PATTERNS: BOTTON 
TOP 

AIRCRAFT TYPES 
NUMBER OF AIRCRAFT 
AIRCRAFT CHARACTERISTICS 
SENSITIVITY LEVELS FOR EACH AIRCRAFT 
NUMBER OF TCAS I INTERROGATIONS AT EACH 

AIRCRAFT 

l.I C THE LOGICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE 
4.I 
5.I 
6.I 
7.I 
B. I 
9.1 

10.1 
11.I 
27. 
28. 
29. 
10. 
11. 
12. 
H. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
4}. 
44. 
45. 
46. 

C STATEMENTS IN THE MODEL. 
c 

LOGICAL PRINT 
DIMENSION TJFILECNUAIR,a), IJFILE(NUAIR,8), ICASFIC83,NUAIR,1) 
COMMON ITCDATA/ I111C83), OENS(8J), 

7 IATINCNUAIR), IATSUCNUAIR), IOAIN(NUAIR), IDABS(NUAIR) 
EQUIVALENCE (TJFILE,IJFILE) 
COMMON /CAS/ ICASFI, TJFILE, NAC, II1 PRINT 
COMMONIANTT/ANTTOP(19),ANTBDTC19) 
COMMONIANTOIPASTOPC19),PASBOTC19) 
COMMONISENS/JSENSCNUAIR) 
COMMON/BB8EARITLAT,TLON,RLAT,RLON,OIST,8EARTX 
COMMONITCRAT11ATCRAT(NUAIR) 
00 10 NN • 1, NAC a SELECT A TCAS I AIRCRAFT. 

IF ((IJFILECNN,4).EQ.3).0R.CIJFILE(NN,4).EQ.O)J GO TO 10 
TLAT • TJFILE(NN,1) a TCAS I LATITUDE (RADIANS) 
TLON • TJFILECNN,2J a TCAS I LONGITUDE (RADIANS) 
ALT1A • TJFILECNN,J)/6076.0 I TCAS I ALTITUDE (NILES) 
ITYP • IJFILE(NN,4) 
DO 11 lA • 1, NAC I PICK VICTIM A/C 

IF (NN.EQ.IA) GO TO 11 
RLAT a TJFILE(IA,1) i VICTIM LATITUDE (RAOI.NS) 
RLON • TJFILECIA,2) a VICTIM LONGITUDE (RADIANS) 
ALT2A a TJFILECIA,J)/6076.0 i VICTIM ALTITUDE CHILES) 
CALL BEAR a GET HORIZONTAL DISTANCE 

C BETWEEN AIRCRAFT 
BC = CALT1A - ALT2AJ i VERTICAL SEPARATION (NMI) 
CD = CSQRTCDIST*DIST • BC*BC)) 8 SLANT RANGE (NNI) 
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••• TCAS1 • •• 
2 47. ARGA•(BC/DIST> 
2 48. THET • (ATAN(ARG-))•57.296 i DETERMINE ANGLE BETWEEN 
2 49. THETA1 z ABS((THET+90.)/10.) i TCAS I AND VICTIM A/C 
2 50. ITH1 "' THETA1 + 1 
2 51. THETA2 a ABS((THET-90.)/10.) 
2 52. ITH2 • THETA2 + 1 
2 5~. c 
2 54. c DETERMINE GAIN OF ANTENNA. 
2 55. c 
2 56. GN1 • ANTTOP(ITH1) + ( (THETA1 + 1> - FLOAT UTH1> >• 
2 57. 1 UNTTOPUTH1 +1) - ANTTOP(ITH1)) 
2 58. GN2 • PASBOT(ITH2) + ( (THETA2 + 1) - FLOATUTHZ))• 
2 59. (PAS80TUTH2+1) - PASBOTCITH2)) 
2 60. GN1 • ANTBOT(ITH1) + ( (THETA 1 + 1) - FLOAT UTHU) * 
2 61. 1 (UT80T(ITH1+1) - ANTBOT UTH1>) 
2 62. GN4 a PASTDP(ITH2) + ((THETA2 + 1) - FLOAT(ITHZ))* 
2 61. (PASTOP(ITHZ+1) - PASTOP(ITHZ)) 
2 64. GS • GN1 
2 65. GV • GN2 
2 66. IF ((GN4.GT.GN2>.AND.(IJFILE(IA,4).NE.0)) GV a GN4 
2 67. GNCOUP • GS + GV 
z 68. LOS • 16.58 + 20.•ALOG10(1010.)+ZO.•ALOG10(CD•1.15)+l.-60 
z 69. PR • -13.98 - LOS + GNCOUP - 3. a COMPUTE RECEIVED POWER 
2 10. IF (PR.LT.JSENS(IA)) GO TO 11 a IF POWER RECEIVED LESS THAN 
2 71. c SENSITIVITY, DO NOT COUNT 
2 72. ATCRAT(IA) a ATCRAT(IA) + 1 i COUNTER ARRAY AT VICTIMS DUE 
2 71. c TO TCAS I INTERROGATIONS. 
2 74. , CONTINUE 
1 75. 10 CONTINUE 

16. RETURN 
11. END 

END FTN 274 IBANl 87 DBANK 12067 COMMON 
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... TC 51WT ••• 
iFTN,S A.TtSMOT,A.Tt5MOT 
FTN 11~11R1A 0~/l0/85-1l:16(27,) 

1. SUBROUTINE TCSMOT 
2. (. 
] • c. 
4. c 
5. c 
6. c 
7. c 
a. c 
9. c 

10. c 
11. c 
1 z. c 
H. C 
14. c 
1'5. c 
16. c 
17. c 
18. c 
19. c 
20. c 
11. c 
a. c 
ZJ. 
1. I 
2.I c 
1.I c 
4.1 c 
S.l C 
6.I 
7. I 
S.I 
9. I * 

10. I 
11. I 
12. I 
1l.I 
14.1 
24. 
1. I 

zs. 
1. I 

26. 
1. I 

27. 
1.I 
2.1 

28. 
29. * 
1. I 

30. 
31. * 
12. 
:n. 
34. • 
H. 
16. 
j7. 

THE PU~PUSE THIS SUBROUTINE IS TO PRODUCE VALUES FOR THE 
EMISSION POWERS AND INTfRROGATIONS RATES SMOOTHED OVER A 16-SECOND 
TIME PERIOD. 

************** INPUTS I OUTPUTS ******************************** 

COMMON 6LOClS I VARIABLES 
INPUTS OUTPUTS DESCRIPTIONS 

ATE I ORATE TOTAL INTERROGATIONS REC'O 8Y EACH 

CAS I 11 
ILMS I AMSP 
SMOOTH I 

TCOATA I I 111 
TEMP I IT IME 

INCLUDE RFSTART,LIST 
PARAMETER CNUAIR a 741) 

TCAS II H TRANSPONDER 
TCAS II M IDENTITY 
ADJUSTED TCAS 11 H TRANSMISSION 

TIS SMOOTHED EMISSION POWER 
AVMSPW SMOOTHED TOTAL MODE S POWER 

TCAS 11 M POINtER FILE 
ELAPSED liME IN SIMULATION 

THE LOGICAL VARIABLE PRINT, WHEN FALSE, Will SUPPRESS All WRITE 
STATEMENTS IN THE MODEL. 

LOGICAL PDISMO,PINTLI,PTCSMT•PATMOD,POISIN,PFILES,PFRUIT,PSTATS 
COMMON /PRT8l/ PDISMQ,PINTLI,PTCSMT,PATMQO,POISIN,PFILES,PFRUIT, 

2 PSTATS 

DIMENSION TJFILE(NUAIR,B), IJFILE(NUAIR,8), ICASFIC83,NUAIR,1) 
COMMON /TCOATA/ 1111(33), OENSC8l), 

? IATINCNUAIR), IATSUCNUAIR), IDABN(NUAIR), IDABS(NUAIR) 
EQUIVALENCE (TJFILE,IJfllE) 
COMMON /CAS/ lCASFl, TJFILE, NAC, II, PRINT 
INCLUDE ATE,LIST 

COMMON /ATE/ DRATEC8l) 
INCLUDE TEHP,LIST 

COMMON /TEMP/ ITIME 
INCLUDE SHOOTH,LIST 

COMMON /SMOOTH/ NOW(8}), AVfSPWC8l),TlSC8l) 
INCLUDE ILMS,LIST 

COMMON /ILMS/ NWSL(8}), AMSP(8}), 1RfSF.TC83), ATSUKPC0;83), 
Z IRETRN, TPOW 

INCLUDE TRAX,LIST 

COMMON ITRAX/ JTRANS(NUAIR) 
REAL INSTNTC0:15,8l),RSUMPC8l) 

POWU 

INOX a MOD(ITIME, 16) i POINTER TO CURRENT STORAGE TIME: 0- 15 
TKSPW = ORATE(Il) * AMSPCII) i TOTAL MODE S POWER IN CURRENT SECOND 

IFCITIME .LE. 1S)THEN i OON 1 T SMOOTH FOR 'ST 15 SECONDS 
AVMSPW(II) = TMSPW 
TIS(II) = ORATECII) 
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••• 
1 
1 
1 
1 
1 
1 
1 

H. SHOT 

H. 
H. 
40. 
41. 
42. 
4J. 
44. 
45. 
46. 

••• 
ELSE 

AVTIME • ITIME - 15 i AVERAGING liME 
RSUMP(Il) = RSUMP(II) + TMSPW- INSTNT(INDX,Il) 
AVMSPW(ll) • RSUMP(ll)/AYTIME 
TJS(IJ) = TIS(II) + ( ORATE(II) - TIS(Il) )IAYTIME 
lNSTNT(INOl•ll) = TMSPW 

END IF 
RETURN 
END 

END FTN 115 IBANK 1447 D8ANK 7217J COMMON 

ittQ(O,P *** TRANSP *** 
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••• TUNSP ••• 
IFTN,5 B.TRANSP,TRANSP 
fTN 11R1 02/27/85-16:35(13,) 

1 
2 
2 
2 
3 
J 
3 
J 
3 
3 
3 
l 

1. SUBROUTINE TRANSP 
2. c 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

1 o. 
11. 
12. 
13. 
14. 
15. 
16. 
1.I 
2.I 
J.I 
4.I 
5.1 
6.1 
7.1 
8.1 
9.I 

10.I 
11.I 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
JO. 
31. 
32. 
33. 
34. 
35. 
.56. 
37. 
38. 
39. 
40. 
41. 
42. 
4 3. 
44. 
45. 
4&. 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

SET POWER AND SENSITIVITY CHARACTERISTICS DERIVED FROM ATC-9 FOR EACH 
TYPE OF TRANSPONDER. 

************* 
COMMON BLOCitS I 

INPUTS I OUTPUTS 
VARIABLES 

INPUTS OUTPUTS 

CAS 

SENS 
TRU 

I IJFILE 
NAC 

I 
I 

INCLUDE RESTART,LIST 
PARAMETER (NUAlA • 328) 

JSENS 
JTRANS 

••••••••••••• 
DESCRIPTION 

TYPE OF EACH AIRCRAFT 
NUMBER OF AIRCRAFT 
SENSITIVITY LEVEL OF EACH A/C 
TRANSMISSION POWER OF EACH A/C 

C THE LOGICAL VARIABLE PRINT• WHEN FALSE, WILL SUPPRESS ALL WRITE 
C STATEMENTS IN THE MODEL. 
c 

c 

LOGICAL PRINT 
OIMfNSIDN TJFILECNUAIR,8), IJFILECNUAIR,8), ICASFIC8J,NUAIR,1) 
COMMON /TCDATA/ I111C8J), DENSC8J), 

! IATINCNUAIR), IATSUCNUAIR), IDABNCNUAIR), IOABSCNUAIR) 
EQUIVALENCE CTJFILE,IJFILE) 
COMMON /CAS/ ICASFI, .TJFILE, NAC, II• PRINT 
COMMON/TRAX/JTRANS(NUAIR) 
COMMON/SENS/JSENS(NUAIR) 
DIMENSION XNORM(NUAIR) 
DIMENSION YNORM(NUAIR) 
DIMENSION XSENS(NUAIR) 
DIMENSION YSENSCNUAIR) 

C TRANSMISSION POWER 
c 

c 
c 

c 
c 

XNORM(1) • 16 398 535 
YNORM(1) • 16 398 535 
CALL RANDN(XNORM,NUAIR,27.0, 1.5) 

CALL RANON (YNORM, NUAIR, 29.2, 0.5) 

DO 17 IQ • 1• NAC 
If (IJFILE(IQ,4) .EQ. 0) THEN 

CALL RANNCRAN) 
RAN • RAN * 100. 

IF CRAN .LE. 0.2) THEN 
DIFF • 11. 

ELSE IF (RAN .LE. 0.4) THEN 
OIFF • 10. 

ELSE IF (RAN .LE. 1.27) THEN 
DIFF • 9. 

ELSE If (RAN .LE. 1.92) THEN 
OIFF " 8. 

ELSE If (RAN .LE. 3.00) THEN 
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I MODE S POWER--NOMINAL 
IS 27; STANDARD 
OEVI.TIDN IS 1.5. 

a TClS POWER--NOMINAL IS 
29.2, STANDARD 
DEVIATION IS 0.5. 

I DETERMINE ATCRBS 
a TRANSMISSION POWER 
a USING PROBABILITY 
a DISTRIBUTION FROM ATC-9 
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.... TRANSP *** 

3 47. DIFF o: 7. 
3 48. ELSE IF (RAN .LE. 5.60) THEN 
3 49. DIFF = 6. 
l 50. ELSE IF (RAN .lE. 9.50) THEN 
l 51. DIFF " 5. 
l 52. ElSE IF (RAN .lEo 15.60) THEN 
l 53. DIFF • 4. 
3 54. ELSE IF (RAN .LE. 25.40) THEN 
l 55. DIFF • l. 
l 56. ELSE IF (RAN .LE. 36.90) THEN 
3 57. DIFF • 2. 
l 58. ELSE IF (RAN .LE. 49.00) THEN 
3 59. DIFF a 1. 
l 60. ELSE IF (RAN .LE. 60.50) THEN 
3 61. DIFF • 0. 
3 62. ELSE IF (RAN .LE. 74.40) THEN 
3 63. DIFF • -1. 
:s 64. ELSE IF (RAN .LE. 81.80) THEN 
3 65. DIFF ,. -2. 
l 66. ELSE IF (RAN .LE. 90.70) THEN 
3 67. DIFF • -3. 
3 68. ELSE IF (RAN .lE. 95.70) THEN 
3 69. DIFF • -4. 
3 70. ElSE If (RAN .LE. 98.30) THEN 
3 11. OIFF • -5. 
3 72. ELSE IF (RAN .LE. 99.38) THEN 
3 71. OIFF "" -6. 
3 74. ELSE IF (RAN .LE. 99.78) THEN 
3 75. DIFF • -1. 
3 76. ELSE 
l 77. DIFf • -e. 
3 78. END IF 
2 79. JTRANS(IQ) "" 500 000 * (0.7943 ** OIFF) 
2 80. ELSE IF CIJFILECIQ,4) .EQ. 1) THEN • DETERMINE MODE S 
2 81. XCONVT • XNDRM(JQ)/10. • TRANSMISSION POWER 
2 82. XNORM(IQ) • (10. ** XCONVT) * 1 ooo. 
2 8]. JTRANSCIQ) • XNORMCIQ) 
2 84. ELSE a DETERMINE TCAS II M 
2 85. YCDNVT • YNORMCIQ) I 10. a TRANSMISSION POWER 
2 86. YNORM(IQ) • C10. ** YCONVT) * 1 ooo. 
2 87. JTRANSCIQ) • YNORM(IQ) 
2 88. END IF 
1 89. 17 CONTINUE 
1 90. c 
1 91. c SENSITIVITY CALCULATIONS 
1 92. c 

93. XSENS<1> 2 16 ]98 540 
94. YSENSC1) " 16 398 540 
95. CALL RANON CXSENS, NUAIR, 77.60, 1.5) a MODE S SENSITIVITY--
96. c NOMINAL: 77.60 
97. c STANDARD DEVIATION: 1.5 
98. CALL RAN ON CYSENS, NUAIR, 77.50, 0.75) a TCAS II M SENSITIVITY--
99. c NOMINAL: 77.50 

100. c STAN. DEVIATION~ 0.75 
101. DO H I Z '" 1, NAC 

1 102. IF (IJFILE(IZ,4) .EQ. 0) THEN a DETERMINE ATCRBS 
2 103. CALL RANN (RAN) a SENSITIVITY 
2 104. RAN " RAN * 100. 
2 105. IF (RAN .LE. 0.2) THEN 
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..... TRANSP ••• 
l 106. SENT = 48. 
3 107. ELSE IF (RAN olE• 0.4) THEN 
3 1 0!1. SENT = 51. 
3 109. ELSE IF (RAN .LE. Oe6) THEN 
3 11 o. SENT • 52. 
3 111. ELSE IF (RAN .LE. 1.0) THEN 
3 112. SENT • Sl. 
3 113. ELSE IF (RAN .LE. 1.43) THEN 
3 114. SENT ,. 54. 
3 115. ELSE IF (RAN .LE. 2.07) THEN 
3 116. SENT • 55. 
3 117. ELSE IF (RAN .LE. 2.28) THEN 
3 118. SENT a 56. 
3 119. ELSE IF (RAN .LE. 3.79) THEN 
3 1 zo. SENT • 57. 
3 121. ELSE IF <RAN .LE. 4.00) THEN 
3 122. SENT • 58. 
3 123. ELSE IF (RAN .LE. 4.43) THEN 
3 124. SENT = 59. 
3 125. ELSE IF (RAN .LE. 5.29) THEN 
3 126. SENT • 60. 
3 127. ELSE IF (RAN .LE. 6.80) THEN 
3 128. SENT • 61. 
3 129. ELSE IF (RAN .LE. 8.52) THEN 
3 130. SENT "' 62. 
3 131. ELSE IF (RAN .LE. 1 o. 89) THEN 
3 132. SENT ,. 63. 
3 133. ELSE IF <RAN .LE. 14.12) THEN 
3 134. SENT • 64. 
3 135. ELSE IF (RAN .LE. 17.14) THEN 
3 136. SENT • 65. 
3 137. ELSE IF (UN .LE. 19.94) THEN 
3 138. SENT • 66. 
3 139. ELSE IF (RAN .LE. 25. 33) THEN 
3 140. SENT a 67. 
3 141. ELSE IF (RAN .LE. 31.80) THEN 
3 142. SENT • 68. 
3 143. ELSE IF CRAN .LE. 39.14) THEN 
3 144. SENT • 69. 
3 145. ELSE IF (RAN .LE. 44.10) THEN 
3 146. SENT = 70. 
3 147. ELSE IF (RAN .LE. 51.22) THEN 
3 148. SENT • 71. 
3 149. ELSE IF (RAN .LE. 57.26) THEN 
3 150. SENT • 72. 
3 151. ELSE IF (RAN .LE. 65.03) THEN 
3 152. SENT "' 73. 
3 153. ELSE IF (RAN .LE. 69.78) THEN 
3 154. SENT = 74. 
3 155. ELSE IF (RAN .LE. 75.17) THEN 
3 156. SENT • 75. 
l 157. ELSE IF (RAN .LE. 81.00) THEN 
3 158. SENT • 76. 
3 159. ELSE IF (RAN eLE. 86.61) THEN 
3 160. SENT a 77. 
3 161. ELSE IF (RAN .LE. 90.06) THEN 
3 162. SENT = 78. 
3 163. ELSE IF (UN .LE. 94.59) THEN 
3 164. SENT = 79. 
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.... TRANSP .... 
l 165. ELSE IF (UN .LE. 95.!18) THEN 
l 166. SENT a 80. 
3 167. ELSE IF (UN .LE. 98.03) THEN 
3 168. SENT "' 81. 
3 169. ELSE IF (RAN .LE. 98.46) THEN 
3 170. SENT " 82. 
l 171. ELSE IF <RAN .LE. 98. 89) THEN 
3 172. SENT = 83. 
3 173. ELSE IF (RIN .LE. 99.32) THEN 
3 174. SENT • 84. 
3 175. fLSf 
l 176. SENT "' 87. 
3 177. END IF 
2 178. SENT • SENT + 3. 
z 179. JSENSCIZ) • -SE~T 

2 180. ELSE IF (IJFILE(IZ,4) .fQ. 1) THEN II DETERMINE MODE s 
2 181. ZSENS • -XSENS(Il) a SENSITIVITY 
z 182. IF (ZSENS .LT. -80.)ZSENS • -eo. 
2 181. IF CZSENS .GT. -74.)ZSENS • -74. 
2 184. JSENSCIZ) • ZSENS 
2 185. ELSE a DETERMINE TCAS 
2 186. ZSENS • -YSENS(IZ) a SENSITIVITY 
z 187. IF CZSENS .LT. -79.) ZSENS .. -79. 
2 188. IF CZSENS .GT. -75.) ZSENS • -75. 
2 189. JSENSCIZ) • ZSENS 
2 190. END IF 
1 191. 12 CONTINUE 

192. RETURN 
193. END 

END FTN 547 18ANit 1508 DUNK 31985 COMMON 
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••• T ~QUIT ••• 
iPT~,~ A.T~UU!T,A.TSUU!T 

FTN 11W11W1A J~/l0/~5-13:1~(41,) 
1. ~U6WOUTI~t TSUUIT( l~R~TS ) 
7. t 
3. ( 
4. t 
s. ( 
6. ( 
1. ( 
!1. c. 
9. c. 

1 o. c. 
11. c 
12. c 
n. c 
14. c 
15. c 
16. c. 
17. c 
16. c. 
19. c 
20. c 
.?1. c. 
l.2. 
1.1 
2.1 c 
l.I C 
4.1 c 
S.I C 
6.1 
7.1 
8.1 
9.I * 

10.1 
11. I 
12.1 
H. I 
14. I 
ll. 
1. I 

24. 
1. I 

25. 
1. I 

26. 
1. I 

21. 
1. I 

28. 
1 • I 

29. 
30. c 
H. C 
32. c 
n. ** 
34. * 
15. • 
H. * 
H. 

THE PURPOS~ OF THIS SUijRQUTI~E IS TO COUNT THE NUMBER OF TCAS 11-M 
DETECTED 8Y SQUITTERS A~O SET THE SQUITTER START TIME. 

**************************** I~PUTS I OUTPUTS ********************** 

COMMON BLOCKS I VARIABLES 
INPUTS OUTPUTS 

AIIG LIST I IPRGTS 
CAS I II 
SINT I It 
SMOOTH I 
TCAA I NUMTCA 
TCDATA I I111 
TEMP I IT IME 
TPIII:PL I PIIEP 
TRAN I IT LAST 
TRAN I lAC TOT 

INCLUDE RESTART,LIST 
PARAMETER (NUAIR : 743) 

NOW 

ITLAST 

DESCRIPTION 

INDICATES WHETHER THE REC POW > SENSITI 
TCAS II M IDENTITW 
VICTIM AIRCRAFT IOENTITW 
NUMBER OF TtAS II M DETECTED 
NUMBER OF TCAS II M AIRCRAFT 
TCAS II M POINTER FILE 
ELAPSED TIME IN SIMULATION 
PROBABILITY OF REPLY FOR EACH AIRCRAFT 
TCAS II M $QUITTER START TIME 
CONVERTS AIC 10 TO TCAS ID (II) 

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

LOGICAL POISMD,PINTLI,PTCSHT,PATMQD,POISIN,PFILES,PFRUIT,PSTATS 
COMMON /PRTBLI POISMD,PINTLI,PTCSMT,PATMOO,PDISIN,PFI~ES,PFRUIT, 

2 PSTATS 

DIMENSION TJFILE(NUAI~,a), IJFILE(NUA1R,8), ICASFIC85,NUAIR,1) 
COMMON /TCOATAI I111(8j), OENS(83), 

? IATIN(NUAIR), IATSU(NUAIR), IOl8NCNUAIR), IOlBS(NUliR) 
EuUIVALENCE (TJFILE,IJFILE) 
COMMON /CAS/ ICASFI, TJFILE, NAC, II, PRINT 
INCLUUE TCAA,LIST 

COMMON /TCAAI NUMTCA 
INCLUDE TEHP1LIST 

COMMON /TtMPI ITIME 
INCLUDE TRAN,LIST 

COMMON /TRANI ITLAST(83,d3),IACTOT(NUAIR) 
INCLUDE SMOOTH,LIST • 

COMMON /SMOOTH/ NOW(dJ), AVMSPW(83)rTISC83) 
INCLUDE SINT,LIST 

COMMON /Sl~T/ LPLUS, K, ITD8(100) 
lNCLUOf TP~EPL,LlST 

COMMON /TPREPL/ PRtP(NUAlR) 
DEFINE FLD(I,J,K) ~ 81TS(K,I+1,J) 

COMPUTE NUMBER OF TtlS II M DETECTED BY SQUITTER 

K IS THE ID OF THE N'TH TCAS Alt. IT IS NECESSARY TO FINO THE VALUE 
OF N, ~HICH IS USED AS AN INDEX OF THE TCST AND ITLAST ARRAYS. 

IDTCAS = IACTOT(K) 
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••• 

1 
1 
l 
2 
2 
2 
z 
l 
l 
1 
1 
1 
1 
1 
1 
2 
2 
l 
2 
1 
1 
1 
1 

T ~QUIT ••• 
B. 
39. 
40. 
4,. 
42. 
H. 
44. 
4S. 
.. 6. 
47. 
48. 
49. 
50. 
~1. 
52. 
53. 
54. 
55. 
56. 
51. 
58. 
59. 
60. 
o1. 
62. 
63. 
o4. 
65. 
66. 
67. 
oa. 
t;9. 
70. 
71. 
72. 
n. 
74. 
75. 
76. 
77. 

16 

* 

* 

IF( lDTCAS .~T. NUHTCA) WRITE(6,16)(1TC,I111CITC), 
Z IACTOT(l111CITC)),ITC•1,NUMTCA) 
FO~MAT(' TSQUIT:II I111 1ACTOT 1 ,5(16,'-',IJ,•-•,I3) 

ITLSQ a FLD(1,10,ITLAST(II,IDTCAS) ) 
If( ITLSQ .EQ. 0) ITLSQ • NlNT( RANDOM() * 9.) + 

IOELT a ITIME - ITLSQ 
INTRK • flD(0,1,ITLAST(ll,IDTCAS) ) i IS THE K1 A/C IN SQUITTER FILE 

* AT TIME a 1 SEC, LOAD ALL TCAS AIC THAT CAN BE DETECTED BY THEIR SQUITTER 
* AND HAVE A SUFFICIENTLY HIGH PROP OF OETECTIN6 THE SQUITTER 
• 

• 

IF( ITIME .EQ. 1)THEN 
CALL RANN(RAN) 

a AT TIME•1, LOAD SQUITTER FILE 

If( IPRGTS .EQ. 1 .ANO. PPEP(K) .GT. RAN)THEN 
If(INTRK .EQ. 0) NOWCII) • NOW(ll) + 1 
FLD(0,1,ITLASTCII,IDTCAS) ) • 1 

END IF 

i SQUITTER RECEIVED 
i NEW A/C IN SQIT FILE 
a ADO K'TH AIC TO SQ F 

* AT TIMES > I SEC, CHECK TO SEE IF A TCAS AIC SHOUlD BE ADDEO OR DELETED FROM 
* THE SQUITTER FILE 
• 

* 

ELSE IF( IDELT .GT. 20 .AND. INTRK 
NOW(II) a NOW(Il) - 1 
FLD(0,1,ITLAST(Il,IOTCAS) ) a 0 

ELSE IF( MDD(IDELT,10J .EO. O)THEN 
CALL RANN <RAN) 

.EQ. 1)THEN i > 20 SEC SINCE LAST RX S 
i 1 LESS AIC IN SQUITTER FILE 
a DELETE K1 TH A/C FROM SQUIT FILE 
8 K'TH TCAS TX TIME 

IF( IPRGTS .EQ. 1 .AND. PREP(K) .GT. RAN)THEN 
IFCINTRK .EQ. 0) NOW(ll) • NDW(li) + 1 
FL0(0,1,1TLAST(li,IDTCAS) ) • 1 
FLD(1,1Q,ITLASTCII,IDTCAS) ) • ITIME 

END IF 
END IF 

i SQUITTER RECEIVED 
i NEW A/C IN SQIT FILE 
i ADD K'TH A/C TO SQ F 
i LASTEST SQ RX TIME 

C WRITE(6,16)IPRGTS,Il,IDTCAS,ITLSQ,IDELT,LSQUIT,NOW(II) 
• 

RHURN 
END 

END FTN 221. 18ANK 98 D&ANK 7949D CD""DN 

TSTART *** 
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1 
1 
1 
1 
1 
1 

lHART . .. 

l.. 
J. 
4. 
s. 
6. 
7. 
a. 
9. 

10. 
11. 
12. 
n. 
14. 
15. 
16. 
17. 
18. 
19. 
·1. I 
2. I 
l.I 
4.I 
5.1 
6.1 
7. I 
8.1 
9.1 

10. I 
11.1 
12.1 
n.I 
14. I 
20. 
1.I 

21. 
1. I 

22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 

c 

. ................ INPUTS I OUTPUTS 

COMMON BLOCKS I VAIIJABLES 
INPUTS 

CAS I IJFILE 
NAC 

TCU I 
TCOATA I 
TRAN I 

INCLUDE RESTART,LIST 
PARAMETER (NUAIR • 743) 

OUTPUTS 

NUMTCA 
I111 
TCST 

C THE LO&ICAL VARIABLE PRINT, WHEN FALSE, WILL SUPPRESS ALL WRITE 
C STATEMENTS IN THE MODEL. 
c 

* 

c 

LOGICAL PDISMO,PINTLI,PTCSMT,PATMOO,POISIN,PFILES,PFRUIT,PSTATS 
COMMON /PRTBL/ POISMO,PINTLI,PTCSMT,PATMOO,PDISIN,PFlLES,PFRUlT, 

2 PSTATS 

OIM~NSION TJFILE(NUAIR,8), 1JFILE(NUAIR,8), ICASFI(8J,NUAIR,1l 
COMMON /TCOATA/ I111(83), DENS(Bl), 

1 lATlN(NUAIR), lAlSU(NUAlR), IDABN(NUAIR), IOABS(NUAIR) 
EQUIVALENCE (TJFILE,IJFILE) 
COMMON /CAS/ ICASFI, TJFILE, NAC, II, PRINT 
INCLUUf TCAA,LIST 

COMMON /TCAA/ NUMTCA 
INCLUDE TRAN,LIST 

COMMON /TRANI ITLAST(83,8]),IACTOT(NUAIR) 
DEFINE FLD(I,J,l) = BITS(~,I•t,J) 
OU 300 I = 1, NAC 

IF (IJFILt(I,4).NE.3l GO TO 300 
NUMTCA = NUHTCA • 1 
I11HNUMTCA) • I 
IACTOT(I) = NUHTCA 

300 CONTINUE 
RETURN 
END 

• 

i COMPUTE NUMBER OF TCAS liM 

i COUNT TCAS liM AIC 
a SET UP POINTER TO LOCATION OF 
i TCAS liM IN AIC CHAR. FILE 

END FTN 57 IBANl 25 OBANl 78395 COMMON 

WSPOWE *** 
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••• WSPOWE ••• 
iFTN,S B.WSPOWE,WSPOWE 
FTN 11R1 02127185-1~:16(2],) 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1. SUB~OUTINE WSPOWE 
2. 
J. 
4. 
5. 
6. 
7. 
8. 
·9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
21. 
24. 
25. 
26. 
27. 
211. 
29. 
30. 
31. 
32. 
H. 
34. 
35. 
36. 
37. 
311. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
SJ. 
54. 
55. 
56. 
57. 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

THE PURPOSE OF THIS SUBROUTINE IS TO LOAD INTO ARRAYS THE POWER 
ASSOCIATED FOR EACH lEVEl OF WHISPER SHOUT FOR THE TOP AND 
BOTTOM ANTENNA. 

c 

••••••••••••• INPUTS I OUTPUTS ************* 

COMMON BLOCKS I VARIABLES 
INPUT OUTPUT DESCRIPTION 

WSHOUT I IPOWB w-s LEVELS FOR TOP BACK ANTENNA 
IPOWBO w-s LEVELS FOR BOTTOM ANTENNA 
IPOWF w-s LEVELS FOR TOP FRONT ANTENNA 
I POliS w-s LEVELS FOR SIDE ANTENNAS 

EACH WHISPER SHOUT STEP CHECKED FOR TOTAL RADIATED POWER 
OF TCAS IIM-ATCRBS EMMISSIONS. 

COMMONIIISHOUTIIPRF(24),1PRS(40),JPRB(15),IPR80T(4),IPOWF(24), 
?IPOWS(41),IP0118(15),IPOWB0(4) 

C LOAD POWER FOR EACH WHISPER SHOUT LEVEL. 
c 

IDROP • 0 
IPEU • 49 
DO 3002 K a 1, 24 

IPOWF(K) a IPEAl - IDROP•1 
IOROP • IOROP + 1 
FACT a (IPOWF(K) - 30.)110. 
POWFR • POWFR + C10.••FACT) 

3002 CONTINUE 
IDROP • 0 
IPEAK • 45 
DO JOOJ K • 1, 40, 2 

IPOWS(K) a IPEAl - IDROP•1 
IPOWS(K+1) s IPOWS(K) 
IOROP • IOROP + 1 
FACT • CIPOWS(K) - 30.)110. 
POWSD • POWSD + C10.••FACT) 

3003 CONTINUE 
IDROP • 0 
IPEAK • 40 
DO 3004 K • 1, 15 

tPOWB(K) • IPEAK - IOROP•1 
IOROP • IOROP + 1 
FACT a (IPOWB(K) - 30.)110. 
POWBK • POWBK + C10.••FACT) 

3004 CONTINUE 
IOROP • 0 
IPUK " 36 
DO 3005 K = 1, 4 

IPOWBO(K) • IPEAK - IDROP*2• 
IDROP • IDROP + 1 
FACT • (IPOWBO(K) - 30.)110. 
POWBOT • POWBOT + C10.••FACT) 

3005 CONTINUE 

B-60 

a TCIS IIM TOP-fRONT ANTENNA 
a (24 lEVElS) 
a POWER LEVELS RANGE FROM 
a 49 OBM TO 26 DIM 

a TCIS liM LEFT I RIGHT SIDE 
a 20 LEVELS PER SIDE 
a POWER LEVELS RINGE FROM 
i 45 TO 26 DIM 

i TCAS liM BACK (15 LEVELS) 
a POWER LEVELS RANGE FROM 
a 40 TO 26 D!M 

a TCIS IIM BOTTOM (4 LE.ELS) 
a POWER LEVELS RANGE FROM 
II 36 TO 30 DIM 



DOT/F'AA/PM-85/22 

••• 
1 
1 
1 , 

WSPOWE 

58. 
59. 
60. 
61. 
62. 
63. 
64. 

t 
c 
c 
c 

Appendix B 

••• 

CALCULATE TOTAL ATCRBS INTERROGATION CONTRIBUTION FOR TOP & BOTTO" 
ANTENNAS. 

PlOT 2 POWFR + PDWSO + POW8l + POWBOT 
RETURN 
END 

.. 

END FTN 176 IBANK 45 OBANK 167 CO""ON 
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APPENDIX C 

SAMPLE EXECUTION 

Appendix c 

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. 

@ASG,A FAA*INRATE/U. 

@USE 8.,FAA*INRATE/U. 

@ASG,A FAA*OUTRTS/U. 

@USE 10. ,FAA*OU'rRTS/U. 

@ASG,A FAA*BASIN1/U. 

@XQT FAA*TCAS/U.RUN. 

@ADD FAA*BASIN1/U. 

@FIN 

@@ 

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. 

C-1 
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File Name 

INRATE 

OUTRTS 

BASIN1 

Column 

Aircraft Identity 

Mode S Misaddresses 

Mode s Suppressions 

Modes S Interrogations 

ATCRBS Suppressions 

ATCRBS Interrogations 

TCAS II M Deadtime 

TCAS I Interrogations 

Appendix C 

TABLE C-1 

fo'ILES USED IN THE TCAS SEM 

Description 

Input file of Interrogation and Suppression 
Rates at each aircraft due to ground ATC from 
DABS/ATCRBS/AIMS PPM 

TCAS Signal Rates to be used in the 
DABS/ATCRBS/AIMS PPM 

Deployment Information: latitude, 
longitude, altitude, type, and 
velocity of each aircraft 

TABLE C-2 

KEY 'ID COLUMNS OF TCAS SEM OUTPUT 

Description 

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 ~s) 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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