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EXECUTI VE SUMVARY

This docunment is a user's guide for the Data Link Test and Analysis
System (DATAS) Traffic Alert and Collision Avoidance System (TCAS)

nmoni tor application. It provides a brief overall hardware description
of DATAS configured as a TCAS Mnitor, and an application software
user's guide. It is assuned that users are famliar with the nessage

fields of the Mbde Select (Mdde S) Beacon System and TCAS transm ssions.

DATAS is a nultipurpose test system designed and fabricated at the
Federal Aviation Admnistration (FAA) Technical Center to test the
performance of Mdde S Data Link subsystens. It is capable of testing
various conponents of Data Link including: Ar Traffic Control Radar
Beacon System (ATCRBS) and Mde S transponders, Data Link Processors
(DLP), and Data Link subsystem interfaces. It will also provide the
capability of Mde S sensor emulation and radio frequency (RF)
environnent analysis within the frequency range of 950 to 1200 negahertz
(MHz) .

The TCAS Program O fice sponsored this effort to record TCAS Resol ution
Advi sory activity which is occurring in the vicinity of high-traffic
airports.

The TCAS Monitor function uses a standard DATAS with the addition of a
high power transmtter, a directional horn antenna, and application
software. The fixed direction antenna provides an approxi mate 35 degree
beamnwi dth and the transmitter has a theoretical operating range of 35
mles. In this application, DATAS is programmed to operate |like a
[imted Mdde S sensor. Any Mdde S equipped aircraft that fly within
range of the system will be interrogated with Mdde S only all-call
i nterrogations, and once acquired, wi || be kept on roll-call
surveill ance. For the TCAS Mbnitor, roll-call consists of two
interrogations sent to each aircraft per scan. These interrogations
were selected so the aircraft altitude, ATCRBS ID, TCAS capability, and
TCAS sensitivity can be recorded. The occurrence of a conflict wll
cause a Resolution Advisory to the pilot of a TCAS equipped aircraft.
The occurrence of a TCAS Resol ution Advisory is signaled to ground Mde
S sensors which nmakes it possible to acquire a copy of the advisory
message. Using this protocol, the TCAS Mnitor will request and record
all occurrences of such advisories. Al Mde S transactions are tine
tagged in the recorded data in order to allow correlation with ARTS |11
dat a.

The surveillance scenario inplenmented was selected in order to maxim ze

the anmpbunt of information obtained from each target. The system was
al so designed so that engineers can preselect certain operational
paraneters that will limt the nunber of reinterrogations to

nonrespondi ng aircraft, the nunber of scans to attenpt reinterrogations
of nonresponding aircraft, and the time between surveillance scans.
Such precautions were taken in order to set limts on the anount of
interference injected into the air traffic environnent.

The TCAS Monitor has been designed to operate as an unmanned system
The data collection procedure can be stopped or started, its status can
Vi i



be checked, and/or data can be down | oaded from a personal conputer (PC
at a renote location via a nodem The software design allows the data
whi ch has been collected to be stored and anal yzed using commercially
avai | abl e data base prograns on a PC

Viili



I NTRCDUCT! ON

The Traffic Alert and Collision Avoidance System (TCAS) nonitor is one
of the functions of a multipurpose test system designed to test various
Mbde S and Data Link system conponents called the Data Link Test and
Anal ysi s System (DATAS). This system was designed and fabricated at the
Federal Aviation Admnistration (FAA) Technical GCenter. Since DATAS
provides radio frequency (RF) capabilities conpatible with Air Traffic
Control (ATC) surveillance systens in the frequency range of 950 to 1150
megahertz (MHz), it is a natural candidate to perform the TCAS Mbonitor
functi on.

The TCAS Monitor is designed to record TCAS activity in the air traffic
environnent. It perforns a scaled down Mde S sensor function. Mde S
targets are acquired by sending periodic Mdde S only all-calls. These
targets are then put on roll-call for as long as they are within range
of the TCAS Mnitor. Surveillance information about each target is
recorded and the Downlink Request (DR) field is checked in each reply
for an indication that a TCAS Resolution Advisory is active. When an
advi sory nmessage is active, the TCAS Mnitor will acquire the nessage
and store it with the surveillance data.

The system was designed with the intent of allowing the wuser to
accunul ate and analyze data using a conmercial data base program on a
personal conputer (PC). The DATAS provides a neans of transferring data
to an on-board PC in data base compatible fornmat.

SYSTEM CONFI GURATI ON

The TCAS Mnitor consists of a standard DATAS with the addition of a
hi gh power transmitter, a directional horn antenna, and the TCAS Mbonitor
application software.

HARDWARE.

Only a high level description of the hardware is provided here in the
user's guide. A detailed description is provided in the hardware nanual
of DATAS.

The DATAS has many different configurations depending on the capability
of that particular system The DATAS which has the TCAS Monitor
capability consists of three units: the 68020 conputer unit, the DATAS
virtual nenory extension (VME) unit, and the RF unit (each of which is
approximately 19 inches x 12 inches x 19 inches), two video display
termnals, and a printer. The three units are contained in a single
rack. The printer is optional for the field collection system The RF
unit is connected to a high power transmtter which is housed in its own
rack with the required power supplies. The system RF output feeds a
standard horn antenna. Figure 1 is a block diagram of the DATAS TCAS
Moni t or system
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FIGURE 1. DATAS TCAS MONI TOR BLOCK DI AGRAM

The DATAS is basically a programmable transmtter/receiver unit with RF
output capability in the frequency range of 950 to 1150 Miz. The
transmtter has two conpletely independent channels whose outputs are
conbined if the high power output is selected. Several RF outputs are
available for different applications. The frequencies, pulse w dths,
and anplitudes of all RF outputs are programmable. However, on the high
power transmtter output used for the TCAS Mnitor (approxinmately one
kilowatt), only the pulse nodulation is progranmmable. This is a
limtation of the transmtter, which is an APX-76 airborne interrogator
normal ly used by the US Ar Force for Ar Traffic Controll Radar
Beacon System (ATCRBS) interrogations. This wunit has been nodified
slightly to use the low |level RF output and nodul ation control signals
from DATAS to drive the APX-76 transmtter instead of using those
signals normally provided by its control unit. This provides the TCAS
Monitor with a very reliable transmtter output wthout an extensive
devel opnent cycl e.

The receiver of DATAS is a single channel and is programmed to operate
at a frequency of 1090 MH#z when used as a TCAS Monitor. The DATAS
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contains sophisticated pulse preprocessing capability which is also
pr ogr ammabl e. Pul se characteristics such as RF frequency, anplitude,
spaci ng, and pulse widths are stored for each reply pul se. The decoders
which detect replies to DATAS interrogations are also programable and
in the TCAS Monitor are set up to decode the arrival of Mde S replies.
The tine of arrival of these replies is saved (referenced to a noveabl e
listening "wi ndow' which is under program control) in order to provide
the radar range of the reply. The Mdde S reply code is also stored and
sophisticated code correction capability is included in order to
overcone interference from ATCRBS replies which may overlap the desired

reply.

The TCAS Mnitor configuration of DATAS contains two processors. The
first is a 68020 processor which perfornms the normal system functions of
DATAS in its role as a limted Mdde S sensor as well as the control of
t he DATAS hardware. The configuration of the hardware, including the RF
unit, is under control of the 68020. Any one of several ports (i.e.,
bench port, high power antenna port, diagnostic port, and nedi um power
antenna port) can be selected for use by the RF receiver under program
control. This control is exercised via the VME bus of the 68020 as all
DATAS hardware devices were designed to appear the same as "nenory" to
t he 68020 processor.

The second processor of DATAS is a personal conputer (PC AT) which
conmuni cates with the DATAS systemvia the VME bus. It is primarily for
data analysis. The data collected via the 68020 can be transferred via
the VME bus to the PC where it is nanipulated and placed in a fornmat
conpatible to standard data base program packages. These data are
retrievabl e via nodem phone line interface if desired.

System control is either via the local system console(s) or the
nodenm phone |ine interface. The nodeni phone line interface is neant
primarily for diagnostic purposes. The hardware cards have extensive
di agnostic capability built in so that troubles can be diagnosed
renotely. Data collection can also be initiated and term nated via the
nodem phone line interface, but the high power transmtter cannot be
controlled remotely (it nust be powered on prior to initiation of data
col l ection via nodenj.

OPERATI NG SYSTEMS. The operating system that is installed on the DATAS
68020 processor is the Mdtorola VERSAdos real -tinme, nulti-tasking/multi-
user operating systemversion 4.61.

The operating systemthat is installed on the PC systemis Mcrosoft M-
DCS version 3. 30.

FUNDAMENTALS OF OPERATI ON

This section provides an overview of how to prepare the DATAS for
operation as a TCAS Monitor. The process of booting the system and
setting the tine and date are described. |If the user is famliar wth
t hese procedures he may skip to the next section.

It is not essential that the user be an expert in VERSAdos, but a
wor ki ng knowl edge is required to nmake efficient use of the TCAS Mnitor
3



data collection prograns. A set of VERSAdos docunentation should be

available to the user. This section provides exanple commands to the
VERSAdos operating system In the exanples the user responses are in
bold print.

BOOT PROCEDURE

Wien DATAS is powered on, the DATAS processor wll conme up under the
system debugger. Wen the system debugger is running the user pronpt is
"135Bug>." The system needs to be booted up in order to run the TCAS
Moni tor prograns under VERSAdos. In order to boot the system enter "bo
0 8" at the user pronpt. For exanple:

135Bug>bo 0 8
The sequence is as follows:
| PL | oaded at: $00010000

Boot in progress ...
Boot compl ete

XVERSAdos Version 4.61 8908101152

ENTER DEFAULT SYSTEM VOLUME: USER NO. =<CR>

ENTER DATE (MM DD YR) =6/ 4/ 90 (Current date)

ENTER TIME (HR M N) =11: 18 (Qurrent time)
Sone information will follow on the screen. Wen a "=" appears on the
last line, the operating system comrand processor is ready for a
VERSAdos conmand.
Fol | owi ng the above procedure, the user will be |ogged on under user
nunber "0." In order to run the TCAS Monitor prograns, the user nust be

| ogged on under the same user nunber where they are |ocated on the disk.
The user nunber where the prograns are |ocated should be provided when
the system is delivered. In order to change from one user nunber to
anot her, run the VERSAdos "use" command. For exanpl e:

=use 401

SYSTEM VOLUME = SYS:

USE DEFAULT VOLUVE = SYS: 401.
USER NUMBER = O

USER TASK =

SESSI ON = 0001

TERM NAL = CNOO

OPTION(S) SET =

Any nonprivil eged VERSAdos command can be executed from any user nunber
by entering the command followed by a carriage return. Any application
program that resides within the current wuser nunber can be run by
entering the nane of the programfollowed by a carriage return

TI ME AND DATE




Setting the tine and date is very inportant for the TCAS Monitor
program The time and date should be set during the boot procedure, but
if it is not, it can be set using VERSAdos comands. The tine and date
can only be set if the user is logged in under user nunmber "0." |If the
user nunber is other than "0," the time and date conmmands can only be
used to verify the settings, and, in which case, either conmmand wl|l
yield the sane result. For exanple:

=time
11:21:13 6/4/90
=date
11:21:16 6/4/90
If the time is not set, it will indicate the elapsed tinme since the
system was booted starting at 00:00. |If the date was not set, it wll

show t he nunber of days since the system was booted starting at 1/1/80.
The following is an exanple of when both the tine and date were not
set:

=time
00: 00: 56 1/1/80

If the user has |ogged on as user "0," both the tinme and date commuands
will allow the user to change the current val ue. The following is an
exanpl e of setting both the systemtinme and system date:

=time
00: 02: 34 1/1/80
ENTER TIME (HR M N) =11: 28
=date
11: 28:11 1/1/80
ENTER DATE (MM DY YR) =6/ 4/ 90

Once the system is booted, the tinme and date are set, and the proper
user nunber is selected, the user is able to run the TCAS Monitor
progr amns.

TCAS MONI TOR PROGRANS.

The normal TCAS Monitor data collection procedure may require running up
to four application prograns on the DATAS processor and one application
program on the VME PC system A program is run on either computer by
typing the nane of the program at the operating system pronpt followed
by a carriage return. The prograns are described in detail throughout
this docunment. The following is a list of the TCAS Monitor application
programns:

1. "tcsrecv' - (PC) The PC resident program used to receive TCAS
Monitor data fromthe DATAS processor

2. "tcssend" - (68020) The 68020 resident program that transfers TCAS
Monitor data to the VME PC
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3. "tcsfile" - (68020) Provides data anal ysis on the DATAS processor.

4. "tcsmenu" - (68020) Menu to select and change the operating
paraneters (privileged).

5. "tcsnon" - (68020) TCAS Monitor real-tinme data collection program

Figures 2 and 3 show software diagrans for both the DATAS processor
programs and the PC prograns. These diagrans show the relationships
bet ween the various progranms and their associated files.

The five TCAS Mnitor programs are used in various stages of the data
collection procedure. To illustrate the use of each program a typical
nmoni tor data coll ection operation mght be as foll ows:



TCAS

DATAS PROCESSOR

TOPC

MENU PROGRAM ->PC
HEADER ~ )| DATATRANSFER
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2 TCSSEND
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FIGQURE 2. TCAS MONI TOR DATAS PRCCESSOR SOFTWARE DI AGRAM
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1. The "tcsnenu" program is run in order to set the operating
paraneters for the desired configuration. The operating paraneters are
vari abl es whose values control various aspects of the data collection
pr ocedure. They provide flexibility so the user can adapt the TCAS
Monitor programto any data collection environnent. The paraneters are
stored in a file that is read by the data collection program Execution
of this programrequires privil eged access.

2. The "tcsnmon" programis run to performthe data collection process.
The data may be stored in the three files: header file, data file, and
the interrogation/reply file.

3. Once data collection has been termnated, a quick data anal ysis can
be perfornmed on the DATAS processor by running the "tcsfile" program
This program can be used to print target data and/or interrogation/reply
data on the screen or printer.

4. For a nore conprehensive data analysis, the data can be sent to the
PC systemto be used with a commercial data base program The data is
transferred by running the "tcssend" program on the DATAS processor
while running the "tcsrecv" program on the PC The data wll be
transferred and stored in tenporary ASCII files that may be inported by
a data base programto append to an existing data base.

TCAS MONI TOR OPERATI NG PARAMETERS

The operating paraneters are variables that are used to control various
aspects of the data collection procedure. A nmenu driven program is
provided that allows system engineers to change the values of the
paraneters. The paranmeters provide the required systemflexibility for
adapting the TCAS Mnitor to variable operating conditions and user
requirenments in the field data collection environnent. The paraneter
menu program resides in a privileged user area so that only system
engi neers can change their val ues.

PARAMETER MENU (" TCSMENU' PROGRAM .

Once the wuser has gained privileged access, the TCAS Mnitor nenu
program is run by entering the program name "tcsnmenu" at the VERSAdos
prompt. The program will display the current paraneters on the screen
(see figure 4). The paraneters are stored in the file "tcsnon.cn" under
the current user directory. |If the TCAS data collection programis run
wi thout running the nenu program the paraneters will have the sane
val ue as previously sel ected.

Figure 4 shows an exanple display of the TCAS Mnitor menu selection
program The paranmeters are selected using the arrow keys. The
sel ected paraneter is displayed in reverse video. The space-bar key is
used to advance each paraneter to the next value (actually, any key wll
wor k), except the Monitor Location, this requires up to four characters
typed in for its val ue.

DATAS TCAS MONI TOR - PARAMETER SELECTI ON
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Sel ect Using Arrow Keys...Change Wth Space Bar or Key Entry

Moni tor Location: UACY
Scan Rate (seconds): 4
Scan Rate for Active Resolution Adv. (Seconds): 1
All-Call Reply Probability: 1
Interrogator Identifier (I11S): O
Information Level: 2 - Mediumlint./Reply

sequence
Information From Al Mde S Aircraft
Display Informati on on Screen: On
Mean Ti me Between Interrogations (ns): 3
Store data on disk: Ye
Mss Limt: 3
Scan Limt: 3
Qut put select: Bench sel ect

S

[F5]---Store Paraneters & Exit [F6]---Quit

FIGURE 4. TCAS MONI TOR PARAMETER MENU PROGRAM

1. "Monitor Location.” This paranmeter requires up to four characters
entered, followed by a carriage return. The response to this
paranet er should be recorded by the data collection personnel because
it is used as part of the data file nane. An identical response wll
be required when the data are retrieved. The intention is that the
standard four-character identification code for the nearest city to
the nonitor site be used to help correlate the collected data with the
| ocati on. This is not a requirenment, however, since the response is
merely used to identify the data file.

2. "Scan Rate (seconds)." The value can be changed from"1" to "20"
using the space-bar Kkey. This is the time in seconds between
survei |l | ance scans.

3. "Scan Rate for Active Resolution Adv. (seconds)." The value can
be changed from "1" to "20" using the space-bar key. This is the time
in seconds between surveillance/ TCAS i nformati on acquisition scans for
targets that have reported Active Resolution Advisories. This value is
normally less than the regular scan rate in order to accelerate the
informati on acquisition for priority targets.

4. "All-Call Reply Probability." The values selected are: "1",
"1/2", "1/4", "1/8", and "1/16" using the space-bar key. This response
determnes the value of the Probability of Reply (PR field of the
Mbde S all-call interrogation. This field is used to reduce the
probability of overlapping replies in high traffic environnents.

5. "Interrogation Identifier." The value can be changed fromO to 15
using the space-bar key. The selected value is sent in the
I nt errogat or I dentifier Subfi el d (rrs) of the surveillance

interrogations, and the Interrogator ldentification (I1) field of the
all-call interrogation.
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6. "Informati on Level." The value can be changed with the space-bar
key. This paraneter determnes the amount of information that is
stored as the interrogation/reply data. It is intended that
interrogation/reply data be recorded only when the systemis initially
set-up at a test location, or when investigating potential data
col | ection problens. There is no interrogation/reply data recorded
for normal TCAS Monitor operation. This paranmeter has no effect on
the TCAS Monitor data collection for the data base prograns. The
interrogation/reply data can be played back using the TCAS Monitor
data summary program (tcsfile). The user is provided with varying
amounts of interrogation/reply data that will be collected, since the
potential exists for wusing up large anounts of disk space for
relatively short run periods. The selections are: 0 - No Int./Reply
storage, 1 = Mninmum Int./Reply sequence, 2 = Mdium Int./Reply
sequence, and 3 = Maxi nrum I nt./Reply sequence.

7. "Information From" The value can be changed using the space-bar
key. The value of this parameter is relevant only if the Information
Level value is greater than zero. This paranmeter is used to further
reduce the anount of interrogation/reply information recorded. The
selections are: All Mde S aircraft = will store information from all
aircraft that respond to the Mde S interrogations, TCAS Equi pped
Aircraft = wll only store interrogation/reply information from
aircraft that indicate TCAS capability in the Reply Information (Rl)
field, and Aircraft w Res. Advi sori es = W | store
interrogation/reply information only fromaircraft that have issued a
Resol uti on Advi sory nessage.

8. "Display Information On Screen.” The value can be changed to ON
or OFF using the space-bar key. This parameter selects whether or not
the interrogation/reply information will be displayed on the screen

during run time. The on screen information should be turned off for
unmanned operati on because the sl ow screen display rate can affect the
operating speed of the TCAS Monitor.

9. "Mean Tinme Between Interrogations.” The value can range from2 to
6 using the space-bar key. This value is used to control the Pul se
Repetition Frequency (PRF) of the interrogations. The answer, in
mlliseconds (ns), is the nean tine between interrogations. The time
will alternate fromthe nean tine -1, to the nean tine, to the nean
time +1. This is to prevent synchronization with other interrogation
sources w thin range.

10. "Store Data on Disk." The value can be sw tched between No and
Yes using the space-bar key. The TCAS Mnitor data storage can be
turned off for trouble shooting and systemtesting purposes.

11. "Mss Limt." (0 - 20) This value determ nes the nunber of
reinterrogations to send to each aircraft that do not reply. |If this
nunber of interrogation pairs is sent without a response during a
surveillance scan, it is considered a m ssed scan.
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12. "Scan Limt." (1 - 20) This value determnes the nunber of scans
to interrogate a target that has ceased to reply, before dropping the
target fromthe surveillance |ist.

13. "Qut put select." This paraneter allows the user to select the
desired RF port. The avail able responses are Antenna for normal TCAS
Moni t or operation, and Bench sel ect for bench testing or debugging the
system

The TCAS nmenu program can be exited in one of two ways. |If the user
wi shes to store the paraneters and exit he should enter the F5 key.
If the user wishes to quit the program w thout storing the paraneters
inthe file he should enter the F6 key.

DATA COLLECTI ON

This section describes in detail the operation of the TCAS Monitor
data col l ection procedure.

OVERVI EW (" TCSMON' PROGRAM) .

Prior to running the TCAS Mnitor data collection programit is very
inmportant that the systemtine and date are set. The system date is
recorded with each target that responds to a Mde S Al-Call
interrogation and each interrogation/reply transaction is tinme tagged
using the systemtine. The system date is also used as part of the
data file catalog field in order to help identify data files. The
tinme and date should be set as part of the boot procedure. (See Boot
Procedure and Time and Date under Fundanental s of Operation).

The data collection programis run fromthe VERSAdos pronpt by typing
"tcsnon" followed by a carriage return. The TCAS Monitor programw ||
go through sone initialization procedures and then, unless a problem
occurs during initialization, wll begin he nonitor operation.
Figure 5 shows an exanple of how the display mght appear after the
TCAS Moni tor program has started.

TCAS MONI TOR SYSTEM ACTI VATED
[ ESC] TO TERM NATE
DATAS - TCAS MONI TOR PROGRAM
System Initialization

Readi ng calibration file...

Read TCAs Monitor operation parameters fromfile:” TCSMON. CN'. ..
Initialize hardware...

Set transmtter frequencies to 1030 Mz. ..

Store interrogation timng patterns in hardware...

System date = 06-01-1990

Systemtinme = 12:10: 12

Initialize linked list...

12




Al'l ocat e service queue..

Search for data file: UACY. TD0O60190. AA DATA FILE I N USE
Search for data file: UACY.TD060190. AB NEW FI LE

Open header file: UACY. THO60190. AB NEWFILE - LUN=2
Search for reply file: UACY. TRO60190. AA DATA FILE I N USE
Search for reply file: UACY. TRO60190. AB NEW FI LE
Initiate 1 second event tiner..

Data | evel #2, each record contains 26 bytes

Set up interrogation tiner, 1 ns clock..

TCAS Monitor Activated...

FIGURE 5. TCAS MONI TOR DATA COLLECTI ON PROGRAM
After "TCAS Mnitor Activated..." appears on the screen, the data
col l ection procedure begins. The programis termnated when the user
presses the escape key.

PROGRAM | NI TI ALI ZATI ON.

This section describes the initialization process of the TCAS Mnitor
data collection program This information may not be required for
system users, but may be inportant when probl ens occur in the field or
when software changes are required.

The initialization procedure is described in the order of occurrence.
The steps correspond to those shown figure 5.

1. "Readi ng calibration file..." The calibration file
(300.calib.curren.ta) is read in order to load the calibration tables
with the current values for the transmtter and receiver
characteristics. Since the TCAS Mnitor wutilizes a high power
transmtter to achieve maxinum transmt range, there is no need to
have a calibrated transmt |evel. The system will transmt at full
power. Since reply integrity is made using parity checks, there is no
need for a calibrated receiver. However, the Mde S data bl ock
of fsets (coarse and fine) are read fromthe calibration file. These
offsets are correction factors used to properly position the sync
phase reversals within Mode S transm ssions.

2. The operating paraneters are read from the file "TCSMON. CN. "
These paraneters are set by system engineers to control various
operating characteristics of the system

3. "Initialize hardware." The DATAS hardware unit is configured for
t he TCAS Moni tor operation.

a. The software interrupt tinmer is turned off.

b. The receiver noise level is determned, and the video threshold
level is set to two units above noi se.
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c. The RF control is set to either bench select for testing the TCAS
Monitor in the lab, or for antenna select for field data collection.
This selection is determ ned by the operating paraneters.

d. The local oscillator is set to receive 1090 MHz transm sSi ons.
e. The interrupt controller is set to disable interrupts.

f. The transmt control is set to stop imediately for all three
transmt channels.

g. The external output control is set. There are four software
sel ect abl e external signal jacks |ocated on the back of the DATAS
har dwar e rack. These jacks can be used to nonitor transmtter
activity. The signal present on external jack 4 is also used to
drive the high power transmtter. It is required that the Pul se
Ampl i tude Modul ation (PAM signal be selected for jack 4. The
TCAS Monitor uses both transmt channels (1 and 2), so the PAM
external jack selections are constantly swtched between PAM
Drive #1 and PAM Drive #2 at run tine. The signals provided by
the TCAS Monitor are: PAM Drive (1 or 2) on external jack 1,
Timng Reference (1 or 2) on external jack 2, Reply Wndow on
external jack 3, and PAM Drive (1 or 2) on external jack 4. See

figure 6.
#1 #2
PAM Dri ve Ti me Reference
#3 #4
Reply W ndow PAM Dri ve

FI GURE 6. EXTERNAL QUTPUT JACKS

h. The raw data control is set for dynamc threshold for received
pul ses and the initial threshold is set to the level determned in
step b. The sanple interval control is enabled for pulse |ead edge,
the sanple granularity is 100 nanoseconds (ns), and the tinme reference
for pulse positions is fromthe | ead edge of the reply w ndow.

i.The reply decoders are set so that a decode #1 is an ATCRBS
reply and a decode #2 is a Mdde S reply. This is a standard decoder
setting even though there are no ATCRBS reply decoding wth the TCAS
Monitor. The decoders are used to indicate the presence of a Mde S
preanbl e within the received pul ses.

] . The Mode S reply control is set to store both corrected Mde S
reply data and Mdde S reply confidence data. The confidence bit
threshold, and the confidence validity threshold, which are used to
control error correction, are set.

14



k. The attenuators for both transmt channels one and two are set
for maxi mum out put power.

| . The sync phase and data phase delays are initialized for both
channels 1 and 2.

4. The transmitter frequency for channels one and two is set to 1030
MHz .

5. The interrogation timng patterns are stored in the system

har dwar e. The TCAS Monitor program uses channel one for all
surveillance interrogations and channel 2 for Mde S only all-call
i nterrogations. The difference is channel 1 uses a narrow reply

wi ndow that is positioned for an anticipated range for a surveill ance
target and channel 2 uses a fixed length wide reply w ndow for unknown
target ranges.

6. The target list is initialized. The TCAS Mnitor program uses a
doubly linked list to keep track of surveillance targets. The nenory
area is acquired and the pointers for these lists are initialized.

7. The asynchronous service queue is allocated. The program uses an
asynchronous service queue to provide a 1-second event tiner. Thi s
event timer is used to tine the TCAS Mnitor scans.

8. The data and header files are created. If the operating
paraneters determ ne that TCAS Mnitor data will be stored, a header
information file and a data file are created. The system wll
automatically search for a file that does not already exist.

9. The interrogation/reply file 1is created. If the operating
paraneters determne that interrogation/reply data are to be stored
(not selected in the exanple in figure 1), a data file is created.

The systemw || automatically search for a file that does not already
exi st.
10. The 1-second event timer is initiated. This timer is used to

time the TCAS Mnitor scans.

11. A 1-ns interrogation timer is activated. This tiner is used to
control th..—S1'?"‘" ofy t he interrogations.

THE TCA3 NMONCTOR-SOENARI O

Once therEg-yslkEWB@s;Rbl alization is conplete, the TCAS Mnitor is
activat etbp £Hteap Wwbpitor will repeat its interrogation scenario
cont i nueusky—unti—an—escape key is entered. The following flow
di agramrepresents the interrogati on scenario:

Y ...Escape term nates program
15



WAIT FOR 1

SECOND

T NED

| F DATA STORAGE SELECTED,
STORE TARGET | NFO

| F DATA STORAGE SELECTED,
UPDATE HEADER FI LE

|
CLOSE HEADER AND
DATA FI LES

|
TERM NATE PROGRAM

GET SYSTEM TI ME

TI ME FOR SURVEI LLANCE

SCAN ?

|

LOOP THROUGH
TARGETYLI ST

SELECT | NTERROGATI ON

| NTERROGATE UNTI L
VALI D REPLY OR
MSS LIMT

GO THROUGH ENTI RE
TARGET LI ST

ADD CURRENT RA TARCGETS
TO RA SUM I N HEADER
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|
GENERATE RECORDS

GOOD OR BAD REPLI ES

UPDATE TARGET | NFO
| F VALI D REPLY

SEND MODE S
ALL- CALL
| Y
ALL- CALL
REPLY ﬁ
IF MODE S ID

NOT ALREADY I N
LI ST, CREATE NEW
TARGET NCDE

C
.

TI ME FOR RESOLUTI ON
ADVI SORY SCAN  ?

LOOP THROUGH
RA LI ST

SELECT | NTERROGATI ON

| NTERROGATE UNTI L
VALI D REPLY OR
MSS LIMT
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GENERATE RECCRDS
GOOD OR BAD REPLI ES

UPDATE TARGET | NFO
| F VALI D REPLY

| F DATA STORE SELECTED,
UPDATE HEADER FI LE

| F DATA STORE SELECTED
AND

DATA LEVEL > O,

STORE DATA

| F SCREEN SELECTED,
DI SPLAY
| NFORVATI ON

LOOP THROUGH
TARGET LI ST

N

T
|
C

SHOULD TARGET
BE DROPPED
FROM ROLL- CALL

?
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|
| F DATA STORE
SELECTED,

CTMADE DCErMDN

DROP TARGET
| F RESCLUTI ON ADVI SORY
I'S ACTI VE, PUT TARCGET

ON RA LI ST

|

RETURN TO START

The interrogation scenario begins with a test of an escape key entry
fromthe keyboard. The escape key is used to termnate the program
If an escape key was entered, the program imedi ately ceases sending
any interrogations. Al information from remaining surveillance
targets is added to the summary information and to the data files if
data storage has been sel ected. All data files are closed and the
programis term nated.

If there was no escape key the TCAS Mnitor proceeds with the
interrogation scenario. The program waits for the 1-second tinmer to

i ncrenent . The nunber of seconds that have passed since the |ast
survei |l l ance scan are conpared to the surveillance scan rate. |[If they
are equal, it is tine for a surveillance scan.

During a surveillance scan, the program traverses a linked |ist which
contains information for each target that is currently on roll-call.
Each target is interrogated with a surveillance interrogation with an
Wlink Field (UF) code of 5 and a special surveillance interrogation
with a UF code of O. These two interrogation types were chosen to
maxi m ze the amount of information obtained from each target. There
are three possible types of surveillance interrogations. The type of
interrogation is determned by the information in the Iinked list from
the previous scan. If the target has an Active Resolution Advisory
(ARA), the interrogation will contain a Reply Request (RR) field of
19, and a Designator ldentification (D) field of 7 in order to obtain
the ARA information. |If there is no ARA, and the extended capability
message has not been obtained, the RR field will contain 17 in order
to get the extended capability report. If neither of the previous
cases is true, the interrogation is a standard UF 5 surveillance
interrogation. In all cases, the Protocol (PC) field is a 1 to keep
the target |ocked out to all-call interrogations.

The reply wi ndow is 144 mcroseconds (nms) wide for all surveillance
replies. This allows 120 ns for a reply (the sanme width is used when
a long or short reply is expected) and 24 ns extra to allow for
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nmovenent of the aircraft between scans. The previous reply delay is
used to position the reply window so the reply is expected in the

center of the window (center is based on a 120 ns reply). This wll
allow up to approximately 1 mle of nmovenent directly towards or away
fromthe antenna between scans. If the scan rate is every 4 seconds,

the TCAS Monitor can track aircraft noving up to 900 mles per hour.

Each target is interrogated up to the nunber of tries indicated by the
Mss Limt paraneter until it replies, for both the surveillance and
special surveillance interrogations. If it does not reply to the
surveillance interrogation in that amount of tries, it is counted as a
m ssed scan.

The PRF of the interrogations is controlled by one of the operating
par anet er s. The Mean Interrogation Tinme, which can be set from the
TCAS nenu program can range from2 to 6 ns. This value determ nes

the nmean tine between interrogations. The actual tinme between
interrogations will vary by 1 nms in both directions in order to break
possi bl e synchronization wth other interrogation sources. The

subsequent high PRF (166 - 500) is acceptable since each aircraft will
only reply a maxi mum of two tines per scan.

Areply is considered valid if the DATAS hardware declares a Mde S
decode and either there is no parity error, or the Mde S hardware
successfully corrected a parity error. In order for the hardware to
declare a decode, a Mde S preanble nust occur within the reply
wi ndow. The parity check and error correction circuits are provided
with the Mode S ID of the target that is expected to reply, and are
triggered by the decode. Wwen a valid reply is detected, the target
information in the linked list is updated, including the reply delay
which will be used in the followi ng scan for reply w ndow positioning.

Fol | owi ng t he surveil | ance i nterrogations is t he all-call
interrogation(s). The nunber of all-call interrogations sent is
determned by the PR field of the all-call interrogations. The value of

the PR field is user selectable as one of the operating paraneters. A
nunber of all-calls equaling at least half of the inverse of the reply
probability is sent. For exanple, if the reply probability is 1/8, there
will be four all-call interrogations. This is to insure that in crowled
environnents, new targets will be acquired within at nobst two scans.
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When an all-call reply is detected, the linked list is searched to
verify that the reported Mde S ID does not match an existing
surveil l ance target. Al though the TCAS Monitor enploys the non-
sel ective |ockout protocol, this search is perforned so the system
does not rely on the |ockout mechanism working properly. If it is a
new target, it is added to the surveillance target |linked |ist.

When the required nunber of seconds have passed, a Resolution Advisory
scan is started. A Resolution Advisory scan is the same as a
surveill ance scan with respect to reply w ndow positioning and what is
required for a valid reply. However, a Resolution Advisory scan only
sends one interrogation to each target (the interrogation is still
repeated up to the required nunber of times for no reply situations)
that has reported an ARA The purpose of including a Resolution
Advi sory scan in addition to the surveillance scan, is to have an
accel erated scan rate for those targets that have active Resolution
Advi sories (default is one per second, since Resolution Advisory
messages are updated once per second). The interrogation used is a
request for the TCAS information (RR=19, DI=7) and a UF code of 4 is
used so that the reply will contain the altitude.

Between scans, the data files are updated if data storage has been
selected. The interrogation/reply data is displayed on the screen, if
the operating paraneters indicate to do so. The target list is
traversed, and any targets that have not replied in the nunber of
scans determined by the scan limt paraneter are dropped from the
list, and any remamining targets that have reported an ARA in the
previous scan are added to the Resolution Advisory scan list. If any
of the targets have reached the storage limt per target record for
either Resolution Advisory data, altitude data, ATCRBS |ID data, or
special surveillance data, the current record is stored in the data
file, and a new record is issued for that target. The interrogation
scenario is repeated until an escape key is entered.

| NTERROGATI ONS.

VWAVEFCRVMS. The waveform for all six interrogations used by the TCAS
Monitor is a short Mode S with a reply window The only variation in
the waveform for the TCAS Mnitor is the position of the reply w ndow
for roll-call interrogations. The reply wndow for all-call
interrogations is fixed in relation to the interrogation and is |arge
enough to accommodate a reply from a target anywhere in the range of

the TCAS Monitor. The reply window for roll-call interrogations is
large enough for a long reply with an extra 24 ns to allow for
nmovenent of the aircraft. Figure 7 illustrates the two waveform

types. The reply delay of the previous reply is used to position the
reply window so that it starts 12 ns before the expected reply tine.

This reply window position will allow for a long Mbode S reply and
approximately 1 mle of novenment towards or away from the systens
ant enna between scans. The reply window is the sanme length when a

short reply is expected.
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FI XED- LENGTH LONG REPLY W NDOW

ALL- CALL ALLOAS FOR REPLY FROM TARGETS
| NTERROGATI ON W THI N RANGE OF TCAS MONI TOR
> FI XED- LENGTH
SHORT
ROCE=CALL >
| NTERROGATI ON POSI TI ONED FOR
ML EXPECTED REPLY
DELAY
el ._Fl GURE 7. T(‘ASL MONI TOR WAVEF

| NTERROGATI ON DATA. Since there are‘only six different interrogations
needed by the TCAS Monitor, they are stored in static nmenory and used as
needed. The values of the IS 11, and PR fields are determned by the
site 1D and probability of reply selected in the operating paraneters.

Their values are set during initialization of the data collection
program The only variable field during run tine 1s the address parity

fields of the surveillance interrogations. The interrogations are as
foll ows:

I NT. TYPE | NT. DATA

[ 0] UF=0 RL=0 CL=0 AQ0

[1] UF=4 PC=1 RR=19 DI=7 SD || S=VARI ABLE

[2] UF=5 PC=1 RR=0 D=0 SD |I|S=VARI ABLE

[3] UF=5 PC=1 RR=17 D=0 SD: || S=VARI ABLE

[ 4] UF=5 PC=1 RR=19 D=7 SD: || S=VAR ABLE

[ 5] UF=11 PR=VARI ABLE || =VARI ABLE

AP=FFFFFF( hex)
Fi el ds not shown are set to "0."

REPLY DATA.

Table 1 shows the information which is relevant to the TCAS Mnitor that
is obtained from each reply type. The TCAS Monitor was designed to
obtai n the maxi mum anount of information for each surveillance target.
The reply fields examned should contain all information that is at
least remptely related to the occurrence of a Resolution Advisory.
Wienever possible, the TCAS Mnitor does not rely on the integrity of a
reply field in order to attenpt to extract information fromsurveill ance
targets. i.e., an attenpt is made to acquire the extended capability
report regardless of the value of the capability (CA) field, and an
avail able Resolution Advisory nmessage is extracted from a target
regardl ess of the value of the capability or reply information fields.
Table 2 defines the information contained in the reply fields.

TABLE 1. REPLY DATA FI ELDS
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Int. Type Reply Fields

0 VS, SL, R, AC

1 FS, DR, I D, MB: BDS, ARA, RAC, CLI
2 FS, DR, ID

3 FS, DR | D, MB:BDS, BCS

4 FS, DR, I D, MB: BDS, ARA, RAC, CLI
5 CA AA

FI LES.

There may be up to three files generated by the TCAS Mnitor data
collection program depending on the operating paraneters. If the
paraneters are set to store the TCAS Mnitor data on disk, the program
will generate two files; a header file, which contains information about
the collected data, and the actual data file. These two files contain
the information that will eventually go to the data base on the PC
system If the parameters are set to store interrogation/reply data,
this information wll be stored in a third file.

FILE NAMES. All three file nanmes use the location identifier and the
current date as part of the file nane. This is intended to make
searching for specific data files easier. The file nanmes have the
foll ow ng format:
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TABLE 2. REPLY DATA FI ELDS DEFI NI TI ON

Fi el d Description Cont ent
AA Announced Mode S Address
Addr ess

24 bits (9-32)

AC Altitude Code Pressure Altitude
13 bits (20-32)
CA Capability 0 = No commruni cations capability
3 bits (6-8) 1 = Comm A and Comm B capability
2 = Comm A Comm B, and Uplink ELM
capability
3 = Conmm A Comm B, Uplink, and
Downl i nk ELM Capability
DR Downl i nk 0 = No downlink request
Request 1 = Request to send Comm B nessage
5 bits (9-13) 2 = TCAS information avail able
3 = TCAS information avail abl e
and Request to send Comm B nessage
4 = Comm B Broadcast #1 avail abl e
5 = Conm B Broadcast #2 avail able
6 = TCAS information avail abl e and
Comm B Broadcast #1 avail abl e
7 = TCAS information avail abl e and
Comm B Broadcast #2 avail abl e
8-15 are not assigned
16- 31 are Comm D protoco
FS Flight Status Code Alert SPI Airborne On ground
3 bits (6-8) 0 no no yes no
1 no no no yes
2 yes no yes no
3 yes no no yes
4 yes yes ei t her
5 no yes ei t her
6, 7 are not assigned
ID ldentification contains 4096 identification code
13 bits (20-32) as set by the pilot
MB Comm B message BDS code (8 bits, 33-40) identifies
56 bits (33-88) the nessage,
BDS1 = 1, BDS2 = 0 - Extended
Capability Report
TABLE 2. REPLY DATA FI ELDS DEFI NI TI ON ( Conti nued)
Fi el d Description Cont ent

CFS (4 bits, 41-44)
ACS (20 bits, 45-64)
24



BCS (16 bits, 65-80) bits 69,70
report on-board resol ution
capability: O=None, 1=Vertica
only, 2=Vertical and Horizontal
ECS (8 bits, 81-88)

BDS1 = 3, BDS2 = 0 - Resol ution

Advi sory Report

ARA (14 bits, 41-54) - Active
Resol uti on Advi sories

Bit Resol ution Advisory

41 dinb

42 Don't descend

43 Don't descend faster than 500 fpm
44 Don't descend faster than 1000 fpm
45 Don't descend faster than 2000 fpm

46 Descend
47 Don't clinb
48 Don't clinmb faster than 500 fpm

t
49 Don't clinmb faster than 1000 fpm
50 Don't clinb faster than 2000 fpm
51 Turn left
52 Turn right
53 Don't turn left
54 Don't turn right
RAC (4 bits, 55-58) - Resolution
Advi sory Conpl enent s
Bit Resol ution Advisory Conpl enent
55 Don't descend
56 Don't clinb
57 Don't turn left
58 Don't turn right
0O = active, 1 = inactive

CLI (1 bit, 59) - Coordination |ock
I ndi cat or

O = TCAS aircraft is not currently in
1 = TCAS aircraft is currently in a
coordi nation | ock state
RI Reply 0 = No TCAS
I nformation 1 = Undefi ned

TABLE 2. REPLY DATA FI ELDS DEFI NI TI ON ( Conti nued)

Fi el d Description Cont ent

4 bits (14-17) 2

TCAS equi pped with resolution
capability inhibited
TCAS equi pped with vertica
resolution capability
4 = TCAS equi pped with vertical and
hori zontal resolution capability
5-7 ?
8-14 = Airspeed information
25
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15 = Not assi gned
SL Sensitivity Sensitivity Level value 0-7
Level
3 bits (9-11)
VS Vertical
St at us 0O = Airborne, 1 = On ground
1 bit (6)

SYS: 401. UACY. TH011990. AA

dobe b

A: System vol unme and user nunber, default - whatever the current vol une
and user number was when the data were coll ected.

B: Catalog, this is the location identifier, in the exanple UACY is for
Atlantic Cty.

C and D nmake up the File nane.

C File type, the possibilities are: TH for TCAS Header file, TD for
TCAS Data file, and TR for TCAS interrogation/reply data file.

D. Date, the date is in the format MVDDYY, i.e., January 19, 1990.

E: File extension, automatically generated by the TCAS Monitor program
i ncrenents wth each run wth sanme | ocati on and dat e,
AA AB,AC,...,AZ,BA ... etc.

HEADER FILE. The header file contains the date and tinme of when data
collection was started and stopped, operating paraneter values, and sone
summary informati on. The contents of the header file is as foll ows:

1. Version - Ildentifies the TCAS Mnitor version used to collect the
data. This field allows for nodifications to the TCAS Mnitor program
that mght change the data file structure. If such changes are nade,
this field is used to control the data retrieval prograns to read the
data in the proper format.

2. Start time - Time of day when data col |l ecti on began.

3. Start date - Date when data col | ecti on began.

4. Stop time - Time of day when data col |l ecti on ended.

5. Stop date - Date when data col |l ecti on ended.

6. Qperating parameters - The operating paraneters as they were
sel ected prior to data collection.

7. Total interrogations sent of each type (types 0 - 5).



8. The nunber of wvalid replies received for each type interrogation
types 0 - 5).

9. The nunber of replies that had parity errors corrected for each type
(interrogation types 0 - 5).

10. The nunber of replies that had uncorrectable parity errors for each
type (interrogation types 0 - 5).

11. The nunber of aircraft that reported being airborne (VS = 0), and
the nunmber of aircraft that reported being on the ground (VS = 1). The
appropriate count is increnmented when the first special surveillance
reply for a target is received, or when the value of this field changes
in the special surveillance reply.

12. The number of aircraft that reported each sensitivity level (SL = 0
- 6). The appropriate count is incremented when the first special
surveillance reply for a target is received, or when the value of this
field changes in the special surveillance reply.

13. The nunber of aircraft that reported each reply information type (R
= 0 - 5). The appropriate count is increnented when the first speci al
surveillance reply for a target is received, or when the value of this
field changes in the special surveillance reply.

14. The nunber of aircraft that reported each capability (CA= 0 - 3).
15. The total nunber of aircraft put on roll-call (includes repeat
aircraft).

16. The total number of aircraft that reported resolution advisories
(i ncludes repeats).

DATA FI LE. The data file contains accunul ated infornation about each
aircraft that was put on surveillance roll-call. This file contains
information that can be transferred to the PC data base. The data file
contains the follow ng information:

1. Mode S address.

2. Extended capability report, valid only if extended capability status
flag indicates that it was acquired.

3. Tine of day when all-call response occurred.
Date of all-call response.

Time of day when the last roll-call response occurred.

o o »

Reply delay of first reply.
7. Reply delay of last reply.

8. Status fields:
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a. Capability (CA Field).

b. Reply information (R FIELD), from l|atest special surveillance
reply.

c. Extended Capability Flag (0=Not acquired, 1=Acqui red).

d. Resolution Advisory overflow flag, indicates if nore Resolution
advi sories occurred than able to store in one record (0=NO 1=YES).

e. Altitude overflow flag, indicates if there were nore variations in
the reported altitude than able to store in one record (0=NO 1=YES).

f. ATCRBS ID overflow flag, indicates if there were nore ATCRBS ID s
reported than able to store in one record (0=NO, 1=YES).

g. Special Surveillance (DF-0) overflow flag, indicates if the
subfields in a DF-0 reply (VS, SL, R') changed nore than able to store
in one record (0=NO 1=YES).

10. Resol ution Advi sory information:

a. Resol ution Advisory count (for this record)
b. Ub to 10 each of:

Resol uti on Advi sory

Start tinme

End tinme

11. Alititude information:
a. Altitude count (for this record)

b. Ub to 10 each of:
Al titude
Start time
End time

12. ATCRBS I D information:
a. ATCRBS I D count (for this record)
b. Ub to 10 each of:
ATCRBS | D
Start tinme
End tinme
13. Speci al surveillance information:
a. Speci al surveillance count (for this record)
b. Ub to 10 each of:
Speci al surveillance nessage

Start tine
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End time

| NFORVATI ONVREPLY FILE. This file contains interrogation and reply data
in the sequence that it occurred in real tine. The anount of
information that is stored in each record depends on the information
| evel paraneter value. This value is determ ned by the system engi neers
with the TCAS nmenu program (TCSMENU). |If a value of O is entered there
will be no information reply file. Values of 1, 2, or 3 will result in
having an interrogation reply file where the higher the value, the nore
information that is stored. The information stored is as foll ows:

1. Level 1: Mninmuminterrogation/reply storage.

a. Time of reply (tinme of day)

b. Date of reply

c. Mode S address

d. Capability (CA field)

e. Resol ution Advisory Flag (0=RA not avail able, 1=RA avail abl e)

f.Interrogation type (0 - 5)

g. Reply Status (O=valid, 1l=parity error corrected, 2=parity error
uncorrected, 3=no reply)

2. Level 2: Moderate interrogation/reply storage.
a. Time of reply (tinme of day)
b. Date of reply
c. Mode S address
d. Reply data
e. Reply del ay
f.Interrogation type (0 - 5)
g. Reply Status (O=valid, 1=parity error corrected, 2=parity error

uncorrected, 3=no reply)
3. Level 3: Maximuminterrogation/reply storage.

Time of reply (tinme of day)
Date of reply

Mode S address
Interrogation status
Interrogation data

Reply status

Uncorrected reply data
Corrected reply data

. Confi dence data

. Decode st atus

. Reply del ay

. Mean reply anplitude of first four reply pul ses (preanble)
m System st at us

TrETTFe@reaoo

TCAS MONI TOR DATA ANALYSI S

It is intended that the TCAS Mnitor data analysis be perforned using a

commerci al data base program on a PC system Prograns are provided to

transfer data to the on board VME PC system in ASCII format to be
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inported by a data base program However, software has been provided to
perform sonme data analysis on the DATAS processor. This section wll
describe both types of data anal ysis procedures.

DATAS PROCESSOR DATA ANALYSI S.

The TCAS Mnitor file access program (tcsfile) is used to produce a
summary of the information collected wth the TCAS Mnitor on the DATAS
processor. The data can be viewed on the screen or printed. The
program provi des access to the target summary data, which is information
about each aircraft acquired by the TCAS Mnitor, or interrogation/reply
data, which is information from each interrogation and reply as it
occurred in real tinme. The target summary data is the data that are
sent to the PC system but the interrogation/reply data are only
avail able on the DATAS processor. The program provides sone data
reduction capabilities. The user can elect to viewthe entire data file,
only information regarding a specific target (Mbde S address), or only
activity that occurred within a specified tine range.

In order to run the TCAS summary program type "tcsfile" followed by a
carriage return at the VERSAdos pronpt. The program w || produce a nmenu
as shown in figure 8 The cursor is nmoved between nenu sel ections using
the arrow keys. The function key F5 is used to exit the program and the
function key F6 is used to execute the data sunmary process.

The first three itens on the nenu, Location ldentifier, Date, and Data

File Extension, are used to identify the data file for access. For
these three itens, the information nust be entered followed by a
carriage return. The location identifier is the four-character

identification code that was entered in the TCAS nmenu program prior to
the data collection. The date field refers to the date when the program
was started (provided the systemdate was set correctly). The data file
extension is the two-character file extension that was assigned to the
data file by the data collection program

TCAS MONI TOR FI LE SUMVARY PROGRAM

Location ldentifier:
Date: (MV DD YY):
Data Fil e Extension:
Data File Type: Data Summary File
Qut put Devi ce: Screen

Data Sel ection: Entire File
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F5 To BExit ------------- F6 To Execute

FIGURE 8. TCAS MONI TOR FI LE SUMVARY PROGRAM
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The renaining nenu entries determne the type of data summary that wll
be produced. The Data File Type entry allows the user to choose between
Data Summary File and Interrogation/Reply File by pressing the spacebar
key. If the user selects Data Summary File, the program will produce a
target data sunmary report fromthe records in the specified file. This
type of report will show a block of the surveillance information for
each target that qualified for data storage. If the user selects
Interrogation/Reply File, the program wi |l show interrogation and reply
data in the sequence in which it occurred.

The Qutput Device entry allows the user to choose whether the sumary
data will go to the screen or the printer by pressing the spacebar
key.

The Data Sel ection entry gives the user three choices for how much of
the data file to summarize by pressing the spacebar key. The Entire

File response will provide a summary of the entire contents of the
file selected. The Time Range response will allow the user to
reproduce data collected only during a specified tinme range. The

Specific Mode S ID response will reproduce only data associated with a
specified Mde S ID. The Specific Mdde S ID response will post an
addi tional pronpt for the Mode S ID of the target. The user wll type
in the six digit hexadeci mal response. The Tine Range response wll
post four additional pronpts to allow the user to enter the tine and
dates for which to produce data.

Figure 9 shows an exanple of a conpleted "tcsfile" program menu. The
first three responses indicate that the data was collected in Atlantic
Cty, starting on Decenber 29, 1989, and the data file extension was

AA The data file type response i ndi cat es t hat t he
interrogation/reply data wll be reproduced. The output device
selected is the printer. The remai ning responses indicate that the

user has chosen only to reproduce the interrogations and replies that
occurred on Decenber 30, between 11:36:40 and 11:56:30. Once the user
presses the F6 key the data will begin to be printed.

TARCGET SUWARY DATA.

The Target Summary Data is information that is acquired about aircraft
that were encountered by the TCAS Monitor. The information cones from
the header file and the data file. The information can be presented
on the screen or by the printer in the follow ng format (exanple):
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TCAS MONI TOR FI LE SUMVARY PROCRAM
Location Identifier: UACY
Date: (MM DD YY): 12/29/89
Data File Extension: AA
Data File Type: Interrogation/Reply File
Qut put Device: Printer

Data Sel ection: Tine Range

Start Date (MM DD YY): 12/30/89
Start Time (HH MM SS): 11:36:40
End Date (MM DD YY): 12/30/89
End Tine (HH MM SS): 11:56: 30
F5 To Exit ------------- F6 To Execute

FI GURE 9. TCAS MONI TOR FI LE SUMVARY PROGRAM
W TH COVPLETED MENU

Information from header fil e: UACY. TH112890. AD
TCAS MONI TOR DATA SUMVARY

SYSTEM START: 11-28-1990 ... 02:53:19
SYSTEM STOP: 11-28-1990 ... 13:10:43

SYSTEM OPERATI ON | NFORVATI ON
Moni tor Location: UACY
Scan Rate (seconds): 5
Scan Rate for Active Resolution Adv. (seconds): 1
All-Call Reply Probability: 1/2
Interrogator Identifier (11S): O
Information Level: 3 - Maxi num
Int./Reply sequence
Information From Al Mde S Aircraft
D splay informati on on screen: On
Mean Ti me Between Interrogations (ns): 3
Store data on disk: Yes
Mss Limt: 3
Scan Limt: 3
Qut put sel ect: Antenna
TCAS Monitor Version: 1

TCAS MONI TOR Al RCRAFT SUMVARY | NFORVATI ON

I NT. #VALI D #CORRECTED #UNC.
TYPE #SENT REPLI ES REPLI ES REPLI ES
0 3069 728 114 541
1 587 77 0 8
2 2443 761 107 591
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3 248 24 7 25
4 38 16 0 3
5 2122 31 14 27

THE NUMBER OF Al RCRAFT THAT REPORTED. . .
VERTI CAL STATUS(VS): Airborne=38, On ground=1
SENSI TIVITY LEVEL(SL): 0=15 1=10 2=0 3=0 4=1 5=11 6=2 7=0

REPLY | NFORVATION(RI):  No TCAS=26 TCAS w RES. CAP. | NH Bl TED=3
TCAS w V. ONLY=12 TCAS W V. & H =0

CAPABI LI TY(CA): (0)No Comm =15 (1) Conm A&B=29
(2)Conm A B& =0 (3)Comm A, B, C&D=1

TOTAL A/ C ON ROLL- CALL=45 TOTAL A/ C W RA=2
Information fromdata fil e: UACY. TD112890. AD
Al RCRAFT | NTERROGATI OV REPLY | NFORVATI ON

TARGET SUMVARY
DATE: 11- 28-1990
Mode S I D.a34e40 Surveillance tinme from 03:47:47 to: 03:49:17

Initial range: 29.239 Fi nal range: 31.327 (nm
Transponder capability (CA: 1

Ext ended Capability: BDS1: 1 BDS2: 0 CFS: 0 ACS: 10000 BCS: 0000
ECS: 00
1 resolution advisorie(s):
L MESSACGE. . L FROM ... ... TO. ...
BDS1: 3 BDS2: 0 ARA: 0100 RAC. 0 CLI: O 03:48: 00 03:48:18
3 altitude(s) reported:
L MESSACGE. . FROM ... ... TO. ...
ALT= 18700 03:47:52  03:47:52
ALT= 18400 03:47:57  03:48: 27
ALT= 18000 03:48:32 03:49:17
1 ATCRBS I D(s) reported:
L MESSACGE. . L FROM ... ... TO ...
| D=2262 03:47:52  03:49: 17
1 special surveillance report(s):
o MESSAGE. . L FROM ... ... TO ...
VS=0 SL=1 R =0 03:47:52  03:49: 17

(end of exanpl e data)

The target summary data displays information from the header file
including the time and date on which data collection began and ended,
and the operating parameter val ues.

The data displays a summation of the aircraft activity that occurred.

The five colums show the nunber of interrogations sent for each type,

as well as the nunber of valid, corrected, and uncorrected replies of
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each type (the section Interrogation Data defines the interrogation
types).

The vertical status report shows the nunber of aircraft that reported
bei ng on ground and the nunber reported being in the air.

The nunber of aircraft that reported each possible sensitivity |evel (O-
7) is displayed.

The reply informati on shows the various TCAS capabilities reported.

The vertical status, sensitivity level, and the reply information counts
show the nunber of each value reported by each unique target, and the
count is incremented when a target changes its reporting val ue.

The capability report shows the nunmber of aircraft that report each
capability value as indicated in the all-call reply.

The data al so show the total nunber of aircraft that were put on roll-
call and the total nunber that issued a Resol ution Advisory.

The target summary data displays information about each aircraft that
was put on surveillance roll-call. There may be nore than one target
summary for an aircraft if the aircraft was dropped from surveillance
and then reacquired, or if one of the information fields was filled for
a record. The summary shows the Mbdde S address, the tine and date the
aircraft was on surveillance, the initial and final range, the reported
capability, and the extended capability report if it was acquired. The
data also show the resolution advisories, altitudes, ATCRBS ID s, and
speci al surveillance information reported for each target.

| NTERROGATI OV REPLY FI LES.

The interrogation/reply data are displayed in the order that it

occurred. The format of the interrogation/reply data depends on the
information |l evel selected prior to when the data were collected. There
are three information levels possible, 1, 2, and 3. Information level 1

provides the least information and information l|evel 3 provides the
nost .

| NFORVATION  LEVEL 1. The following shows an exanple of
interrogation/reply data with information | evel 1 selected:

06/ 19/90 11:11:43
06/ 19/90 11:11: 47
06/ 19/90 11:11: 47
06/ 19/90 11:11:51
06/ 19/90 11:11:51

I NTER: (5) 58000000f f ffff VALI D REPLY
I NTER: (3) 29440000001400 - VALID REPLY
| NTER: (0) 00000000001400 - VALID REPLY
I NTER: (2) 29000000001400 - VALID REPLY
| NTER: (0) 00000000001400 - VALID REPLY

RIRIY

The data contains the follow ng information:

06/ 19/90 11:11:47 - INTER (2)29000000001400 - VALID REPLY

| 2
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I I I I I I
DATE  TIME | NTERROGATI ON | NTERROGATION REPLY  CAPABI LI TY
TYPE DATA STATUS

1. Date - the date of the interrogation/reply transaction.

2. Time - the tine of the interrogation/reply transaction in mlitary
tinme.

3. Interrogation type - values of 0 through 5, indicates which of the
six interrogations that was sent.

4. Interrogation data - displays the interrogation data in hexadeci nma
format. The last six digits are the Mode S address. These data are not
the actual interrogation data read from hardware; it is a facsimle of
the data which are produced here by knowing the interrogation type. The
vari abl e subfields such as Il, |I1S, and PR are shown to contain 0, when
in actuality they may have contai ned sone ot her val ue.

5. Reply status - One of the following nessages wll be displayed:
Valid Reply, PE Corrected (Parity Error that was corrected), PE
Uncorrected (Parity Error that was not corrected), or No Reply.

6. Capability - The transponder capability (CA) reported in the DF 11
reply.

| NFORVATION LEVEL 2. Information level 2 contains the sane information
as level 1 with the addition of the reply data. The follow ng shows an
exanpl e of interrogation/reply data with information | evel 2 selected:

06/ 19/90 11: 14: 40-1 NTER: (5) 58000000ffffff- REP:5800140038010d00000000
06/ 19/90 11: 14: 44-1 NTER ( 3) 29440000001400- REP: a9001f bf 20000000000000
06/ 19/90 11: 14: 44-1 NTER (0) 00000000001400- REP: 04000000af €14c00000000
06/ 19/90 11: 14: 48-1 NTER (2) 29000000001400- REP: 29001f bf 4882f dOO0O00000
06/ 19/90 11: 14: 48-1 NTER (0) 00000000001400- REP: 04000000af €14c00000000
The data contains the follow ng information:

06/ 19/90 11: 14: 48-1 NTER (2) 29000000001400- REP: 29001f bf 4882f dOO0O00000

I I I I I I
DATE TI ME | NTERROGATI ON | NTERROGATI ON REPLY ~ REPLY
TYPE DATA STATUS  DATA

1. Date - the date of the interrogation/reply transaction.

2. Time - the tine of the interrogation/reply transaction in mlitary
time.

3. Interrogation type - values of 0 through 5, indicates which of the
six interrogations that was sent.
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4. Interrogation data - displays the interrogation data in hexadeci nma
format. The last six digits are the Mode S address. These data are not
the actual interrogation data read from hardware; it is a facsimle of
the data which is produced here by knowi ng the interrogation type. The
vari abl e subfields such as Il, IlS, and PR are shown to contain 0, when
in actuality they may have contai ned sone ot her val ue.

5. Reply status - One of the follow ng nessages will be displayed: REP
(Valid reply), PEC (Parity Error that was corrected), PE Uncorrected
(Parity Error that was not corrected), or No Reply.

6. Reply data - The actual reply data are shown in hexadecimal fornat.

This field is the sane I ength whether it was a long or short reply. |If
the reply was long, the data shows the reply data w thout the address
parity field. If the reply was short, the entire reply is displayed

including the address parity field, and the last eight digits are
meani ngl ess.

| NFORVATI ON LEVEL 3. Information level 3 shows all the information
avail able for each interrogation and reply. The following is an exanple
of information |level 3 data:

06/ 19/90 08:29: 05 - SYS ST: 00000001 |[INT ST:5960 REP ST: 80000000
DECCDE STATUS=0 - DECCDE PRESENT
| NTER: 58000000f f f f f f
UNC. REPLY: 5800140038010d00000000f ee19f 000 REPLY DATA PRESENT
COR REPLY: 5800140038010d00000000f ee19f 000 GOOD PARI TY, VALI D DECCDE
CONF. DATALffffffffffffffOOffffffffffffOO0 CORR OK CONWW. XK
DF=11 CA=0 AA=001400
RANGE: 12.80 nm MEAN PREAMBLE POVNER: 26

06/ 19/90 08:29: 09 - SYS ST: 00000001 |INT ST:5960 REP ST:81001400
DECCDE STATUS=0 - DECCDE PRESENT
I NTER: 29880000001400
UNC. REPLY: a9001f bf 10000000000000f ee19f 000 REPLY DATA PRESENT
COR REPLY: a9001f bf 20000000000000f ee19f 000 GOOD PARI TY, VALI D DECCDE
CONF. DATAffffffffffffffffffffffffffffO00 CORR OK CONWW. XK
DF=21 FS=1 DR=0 UMFO | D=7777 BDS1=1 BDS2=0 CFS=0 ACS=00000 BCS=0000 ECS=00
RANGE: 12.10 nm MEAN PREAMBLE PONER 29

06/ 19/90 08:29: 09 - SYS ST: 00000001 |INT ST:5960 REP ST: 80001400
DECCDE STATUS=0 - DECCDE PRESENT
I NTER: 00000000001400
UNC. REPLY: 04000000af e14c00000000f ee19f 000 REPLY DATA PRESENT
COR REPLY: 04000000af €14c00010000f ee19f 000 GOOD PARI TY, VALI D DECCDE
CONF. DATAffffffffffffffOOffffffffffffOO0 CORR OK CONWV. XK
DF= 0 VS=1 SL=0 RI =0 AC=0
RANGE: 12.10 nm MEAN PREAMBLE PONER 31

The data contains the follow ng information:

06/ 19/90 08:29: 09 - SYS ST: 00000001 |INT ST:5960 REP ST: 80001400
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I I I | I
DATE TI ME SYSTEM STATUS | NTERROGATI ON STATUS REPLY STATUS

DECODE STATUS=0 - DECCDE PRESENT
I NTER: 00000000001400

I NTERRGEAll'I ON DATA
UNC. REPLY: 04000000af e14c00000000f ee19f 000 REPLY DATA PRESENT
COR REPLY: 04000000af €14c00010000f ee19f 000 GOOD PARI TY, VALI D DECCDE
CONF. DATAffffffffffffffOOffffffffffffOO0 CORR OK CONWW. XK

I I
REPLY DATA & REPLY STATUS
CONFI DENCE DATA

DF= 0 VS=1 SL=0 RI=0 AC=0 DECODED REPLY
RANGE: 12.10 nm MEAN PREAMBLE PONER 31

1. Date - the date of the interrogation/reply transaction.

2. Time - the tinme of the interrogation/reply transaction in mlitary

tinme.
3. System status - TCAS Mnitor status bits, 32 bits shown in hex
For nat :

Bit 0 1=PRF error

Bi t 1 1=Repl y wi ndow position error

Bits 2-31 unused

4. I nterrogati on status
- Word that precedes the DPSK data, 16 bits displayed i n hexadeci mal has
the following fornat:

Bi t Olnterrogation length (1 = |ong)

Bits 4 - 9 Sync Phase Delay (1ns increnents)

Bits 10 -15 Data Phase Delay (1ns increnents)

5. Reply status - Mdde S reply data status word. 32 bits displayed in
hexadeci nal . The decoded reply status is displayed next to the reply
data has the followi ng fornmat:

Bit 31 1 = Valid data, reply data is present

Bit 30 1 = Bad parity

Bit 29 1 = Bad parity, unsuccessful correction

Bit 28 1 = Correction attenpted but failed

Bit 27 1 = Confidence data failed to nmeet threshold

Bits 25,26 Spare
Bit 24 Expected reply length, 1 =1long reply
Bits 0-23 Expected Mbde S address of reply

6. Decode status - -1 - DEC ERR = Decode error
0 - DECODE PRESENT Decode present
1 - NO DECCDE" No decode
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7. Interrogation data - DPSK data from hardware in hexadeci nal fornat.

8. Reply data - The wuncorrected reply data (UNC. REPLY), corrected
reply data (COR REPLY), and the confidence data (CONF. DATA), in
hexadeci mal fornat.

9. Decoded reply - The value of the relevant reply data fields.
10. Range - The approxi mate range of the aircraft in nautical mles.

11. Mean preanble power - The nean reply power of the first four pul ses
in the raw data area. Value is from 0-255.

PC SYSTEM DATA ANALYSI S.

The TCAS Monitor was developed with the intention that the acquired data
woul d be kept in a commercial data base on a PC. Software is provided
to transfer data collected on the DATAS processor to the VME resident PC
system As part of the transfer process the data are converted to ASC |
formatted text, which is conpatible with nost relational data base
packages. The text files can be inported using the data base program

DATAS PROCESSCR TO PC DATA TRANSFER ( TCSSEND AND TCSRECV PROGRAMS). The
TCSSEND and TCSRECV prograns are used to transfer TCAS Monitor data from
t he DATAS processor to the VME PC. The transfer process requires that
the tcssend program be run on the DATAS processor and the tcsrecv
program be run on the PC concurrently. It does not natter which program
is started first because there is handshaki ng communi cati on between both
systens that disallows data transfer until both prograns are running.
To run the program on the PC system enter tcsrecv. The initialization
wll try to establish a comunication link wth the 68020 via
handshaki ng protocol. To run the data transfer program on the DATAS
processor, enter tcssend at the VERSAdos pronpt. The screen will appear
as in figure 10. This menu is provided so the user can enter the
information required to locate the data file. The | ocation identifier,
the date of when the data collection program was started, and the file
extension nust be entered before the data transfer can be started.
Pressing the F6 key will initiate the data transfer process. If the
am is started before the tcsrecv, or the PC is not
. : ag ES ish 6 ak—— 0 Cancel wil |
appear as [fn figure 10. The programis waiting for the PC programto |be
run, or an escape key fromthe user to abort the transfer atteppt.

TEXT FILES. The data transfer process creates five text files on tlhe
PC. The files are as foll ows:

1. SURV. TXT - Surveil | ance i nf ormati on, one record for edch
survei |l | ance target.

2. ALT.TXT - Altitude infornation, one record for each altitude
reported by each target.

TCAS MONI TOR FI LE --->PC DATA BASE TRANSFER PROGRAM

Location ldentifier: UACY
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Date: (MM DD YY): 05/04/90
Fil e Extensi on: AA

Est abl i sh 68020--PC Link...[ESC] To Cancel
[F5] TO BExit ------------- [ F6] To Execute

FI GURE 10. TCAS MONI TOR 68020 TO PC FI LE TRANSFER PROGRAM

3. ID.TXT - ATCRBS ID information, one record for each ATCRBS ID
reported by each target.

4. RA. TXT - Resolution Advisory information, one record for each TCAS
RA reported by each target.

5. SS.TXT - Special Surveillance information, one record for each
uni que special surveillance report for each target.

The files are in ASCII format wth no delimter separation between
fields. The data base shoul d be designed so that each field corresponds
directly with the fields in the file for position and wdth.
Prelimnary test data were inported using Ashton-Tate dbase |1V version
1.0. The dbase IV structure identifies the field positions and w dths.
The data base structures fromthe dbase |V data are as foll ows:

SURV. TXT --> SURV. DBF

Field Field Type W dt h Descri ption
Nanme

1 VERSI ON Nurreri ¢ 2 Program version
2 LOCATI ON Char act er 4 Test location
3 SCAN_RATE Nureri c 2 Surveillance scan rate in seconds
4 RA_SCN_RAT Nureri c 2 Resolution scan rate in seconds
5 PR Nureri c 1 Probability of reply (PR field)
6 s Nureri c 2 Interrogator identifier subfield
7 MN INTR.TM  Nureric 2 Mean tinme between interrogations
8 M5 I D Char act er 6 Mde SID
9 EC_BDS1 Nureri c 2 BDS1 field

10 EC_BDS2 Nureri c 2 BDS2 field

11 EC CFS Nureri c 2 CrSfield

12 EC_ACS Char act er 5 ACS field (hexadeci mal val ue)

13 EC BCS Char act er 4 BCS field (hexadeci mal val ue)

14 EC ECS Char act er 2 ECS field (hexadeci mal val ue)

15 AC TI ME Nureri c 6 Al-call reply tine

11 AC DATE Dat e 8 Al-call date

12 LAST R TIM  Numeric 6 Last response tine

13 I NI T_RNGE Fl oat 4.1 1nitial range (nautical mles)

14 LAST_RNGE Fl oat 4.1 Final range (nautical mles)

15 CA Nureri c 1 Capability

16 RI Nureri c 2 Reply information

17 EC FLAG Nureri c 1 Ext. Cap. flag

18 RA_COUNT Nureri c 3 Resolution Advisory count

19 ALT_ COUNT Nuneri c 3 Atitude count

N
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20 | D_COUNT Nureri c 3 ATCRBS | D count
21 SS_COUNT Nureri c 3 Special surv. count
Tot al 83

41



ALT. TXT --> ALT. DBF

Field

OO ~NOUITAWNE

Tot al
I D. TXT --

Field

OO ~NOUITAWNE

Tot al
RA. TXT --

Field

OCONOOUITA~WNE

Field
Name

LOCATI ON
M5 | D
ALTI TUDE
ALT_DATE
STRT_TI ME
END TI ME
AC DATE
AC TI ME

> | D. DBF

Field
Name

LOCATI ON
VS | D
ATCRBS_| D
| D_DATE
STRT_TI ME
END TI ME
AC DATE
AC TI ME

> RA. DBF

Field
Name

LOCATI ON
M5 | D
RA_BDS1
RA_BDS2
RA_ARA

RA RAC

RA CLI
RAnA_DATE
STRT_TI ME
END TI ME
AC DATE
AC TI ME

> SS. DBF

Field
Name

LOCATI ON

Type

Char act er
Char act er
Numeri ¢
Dat e
Numeri ¢
Numeri ¢
Dat e
Numeri ¢

Type

Char act er
Char act er
Numeri ¢
Dat e
Numeri ¢
Numeri ¢
Dat e
Numeri ¢

Type

Char act er
Char act er
Numeri ¢
Numeri ¢
Char act er
Char act er
Numeri ¢
Dat e
Numeri ¢
Numeri ¢
Dat e
Numeri ¢

Type

Char act er

Lengt h

PO O~

()

Lengt h

OCO0OOOO O~

D

Lengt h

oo, EFERANNO M

o)

Lengt h

Descri pti on

Test | ocation

Mode S ID

Al titude

Dat e

Start tine

End tine

All-call date
All-call reply tine

Descri pti on

Test | ocation

Mode S ID

ATCRBS | D

Dat e

Start tine

End tine

All-call date
All-call reply tine

Descri pti on

Test | ocation

Mode S ID

BDS1 field

BDS2 field

ARA field (hexadeci mal
RAC field (hexadeci nmal
CLlI field

Dat e

Start tine

End time

Al -call date
All-call reply tine
Descri pti on

Test | ocation

val ue)
val ue)



=
QOO ~NOURWN

Tot al

VS | D
VS

SL

R

SS_DATE
STRT_TI ME
END TI ME
AC DATE
AC TI ME

Char act er
Numeri ¢
Numeri ¢
Numeri ¢
Dat e
Numeri ¢
Numeri ¢
Dat e
Numeri ¢

OO ONRFFPO®

D
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Mode S ID

VS field
SL field
R field
Dat e

Start tine

End time
Al -call
Al -call

date
reply tine



