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FOREWORD

This document is the Software Documentation report for contract
DCA1OO-8O-C-0O3O Prepared b'v SIGNATRONP Inc. f~or the Defense Communications
Agenew. It contains a description of the subprograms used in TROPO to model the-
Performance of digital troeoscatter svstess. The theorw and analytical models
used in the calculations are given in the User's MIanual and Final Report. The
subprogram descriptions have been grouped accordins to the major functions
Performed.
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CHAPTER 1

INTRODUCTION

This document is the Software Documentation for the Di.gital TroPoscatter
Performance Model Computer Program TRWO, The Program Performs Propogation
Predictions and modem Performance Predictions based on the models described
in the Final Report.

1.1 Report organization

The report is organized into ten chapters documenting each of the TK(IPO
subprograms grouped according to the trpes of calculations they Perform and
four appendices contairir,ng cross-reference information about• TROPO and its output.

Chapter 2y lriver, describes the driver for the TROPO program arid includes
a top level flowchart of TROPO.

Chapter 3P Input, describes the routines that input data and do Prlimiriar"
calculations and output of the input variables.

Chapter 4, Error Utilities, describes the Preliminarv data checkirg and
error handling routines.

Chapter 5, Troposcatter Calculations, describes the routines Performir,-
troPoscatter calculations.

Chapter 6, Diffraction Calculations, describps, the routines Pprforming
diffraction calculations.

Chapter '7, Climate Variabilitv Calculations, describes the routines
Performing climate calculations.

Chapter 8, Butterworth Filter Calculations, describes the routines
Performing filter calculations.

Chapter 9, MD-918 Modem Calculations, describes the routines Performinc-'
calculations for the MD-918 modem.

Chapter 10, AN/TRC-170 and DAR Modem calculationst describes the roUtins
Performing calculations for the AN/TRC-170 and PAR modpm calculations.

Chapter 11, Final output, describes the routine that otity,,t5 StMF'A(,.0UI arid

. . . . . . .. . . . . . . ..

.. . . . .. . . . . . . . . . . . . . . .



DUCTION Page 1-2

the routine that outputs the simulator tap values.

Appendix A, PDP Related Information, is for users running the P)DV version
of TROPO. It cross-references information about the various files in three
subsections: . 0

1) Subprogram / Module Reference Index: This lists each subprogram
name alphabeticallv followed hv the file it is in.

2) Module / Subprogram Reference Index. This lists each file name
alphabetically followed b the subprograms it contains.

3) Common / Include File Reference Index: This lists each common 0
name alphabetically followed bv the include file it is in.

Appendix F, Call Cross-Reference, lists which IROPO routines and Fortran
functions each subprogram calls as well as which has called the subprogram,

Appendix C9 Global Variable Dictionary, defines each global variable,
identifies its tvPe and the common it is contained in. In addition, below each
variable is a list of which subprograms have used it and which have given it a

new value.

Appendix D, Output Variables, defines each variable output to the output
files FOROO2,DAT and SIJMPAGOUT.

The index alphabeticallv lists each subprogram and the Page it is described

on.

1.2 Documentation Structure

The documentation in chapters 2 through 11 has been divided into ten major

functions: 0

1) Driver
2) Data input
3) Data checking
4) rroPoscatter calculations
5) Diffraction calculations 0
6) Climate variability calculations
7) Butterworth filter calculations
8) M0-918 modem calculations
9) AN/TRC-170 and DAR modem calculations

10) Final output

Each subprogram falls into at least one of these sections, In some cases, a
routine is used by more than one section. So, if a routine is not in the ....

section vou expect, the index can euick]y direct vou to the right Page.

0!

. . ..



CTION Pate 1-3

Each subprogram description follows the same form:

1) Subprogram name: Subroutine or Function followed
bv the name of the routine.

This does not include calling S
arguments

2) Purpose'. Describes the function the
routine Performs,

3) Description' This is a more extensive 0

description of the routine's
function. Also describes coding
conventions that vou should be
aware of, overall coding
structure, etc.

4) Reference: Lists outside reference works
usua]lu giving a background for
and a more in-depth description
of the eauations used in the

code.

5) Calling seouence: Variables used in calling the

subprogram,

6) Contained in The name of the source file the
module: subprogram can be found in. S

7) Called bv: Lists which routines call this
one.

8) calls: List which routines this one

calls. It does not include
svstem routines such as SIN and S

SORT or statement functions.

Appendix B gives a full listing.

9) Input arguments: All values Passed to the routine

through the calling arguments.
This list mav overlap the output
argumerts since some variables
mav he used for both input and
output.

10) Output arguments: All values output from the
routine through the calling
arguments,

$ 11) Global variables All global variables used bv the

. . . . ... .. " - ... . . a ... "i.;.;W =l t : " " >' ' " " " " - " "; "" : , " " '



Page 3-4

jtine ANTGEO

TSEP(3) /IODATA/ R*4 IODATAINC
Separation between transmit antennas in meters.

URH(NR) /PATHGE/ R*4 TROCOM.INC
Arrav of receive antennas horizontal offsets from

great circle Plane in meters.
URL(NR) /PATHGE/ R*4 TROCOM.INC •

Arrav of receive antennas longitudinal offsets in

meters.

URV(NR) /PATHGE/ R*4 TROCtiM.INC

Array of receive antennas vertical offsets in meters.

UTH(NT) /PATHGE/ R*4 TROCOMINC

Arrav of transmit antennas horizontal offsets in •

meters.

UTL(NT) IPATHGE/ R*4 TROCOtM.IN(:

Arrav of transmit antennas lonlitudinal offsets in

meters.

UTV(NT) /PATHGE/ R*4 TROCOM.IN C

Arrav of transmit antennas vertical offsets in meters. •

S

-..-, ,. .L L, ,-,: .-,.. ,-,- -. o- -L .L, . ' -- - --- • . -i --i -- -i-. -•- • ":" -. . . .S



Page 3-3
tine ANTGEO

PI /CONSTA/ R*4 CONSTANTS.INC
Constant Pi = 3.141592654.

UANGLE /UNIT/ R*4 IODATA.INC
Units of angle (deg, mrad).

UFREG /UNIT/ R*4 IODAIA.INL'
Units of freauencv (fiHz, MHz).

UHITE /UNIT/ R*4 IODAIA.INC
Units of height and diametr (ft, a).

Global variables outrut to common:
AR(NRMX) /ANIENH/ R*4 TROCOM.INC

Arrav of receiver antenna diameters in meters. AR(1)
is eauivalent to RDIAM in the input file.

Ar(NrMX) /ANrENN/ R*4 FROCON.TNC
Arra of transmitter antenna diameters in meters.
AI(1) is eauivalent to "DIAM in the input file.

IBR(NRMXNRMX) /SYSTRN/ 1*2 TROCOM.IN:O
Channel complex-envelope correlation and
cross-correlation calculation indicator arrav.

0 = No calculation
1 = Power (correlation) calculation onl'
2 = Power (correlation) Per unit delav

spectrum calculation
IPOLR(NRHMX) /ANTENN/ 1*2 TROCOMINC

Arraw of receiver antenna Polarizations.
IPOLT(NTMX) /ANTENN/ 1*2 TROCOMINC

Arraw of transmitter antenna Polarizations.
NR /SYSTRN/ 1*2 TROCOtM.(NC

Number of receive Ports.
NT /SYSTRN/ 1*2 TROCUN.[NC

Number of transmit Ports.
PHDIV /MCOM4/ R*4 MCOM.INC

Souint angle between upper and lower receiver beams in
radians. Default is beamwidth.

PSIRAO(NRMX) /ANTENN/ R*4 TROCUM.INC
Arrav of receiver beam azimuths in radians.

PSIREO(NRMX) /ANTENN/ R*4 TROCOM.INC
Arrav of receiver beam boresight elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSIREO(1)
is the main receive antenna.

PSITAO(NTMX) /ANTENN/ R*4 TROCOM.INC
Arrav of transmitter beam azimuths in radians.

PSITEO(NTMX) /ANTENN/ R*4 TROCOM.INC
Array of transmitter beam boresi~ht elevations above
radio horizon in radians, me, angle at which each
antenna is aimed relative to the horizon. PSITFO.(1)
is the main transmit antenna.

RSEP(3) /IODATA/ R*4 IODAIAINC
Separation between receive antennas.

• . .- ~~~..j. . . -. .. . . .. ... . . . . . .- -'- -. . . "-. -.- " ... .. . . .- -" "-" " . . .. ... "" "i.! ,ii. ..



IPUT Pane 3-2
ibroutine ANTGEO

3 1 ANTGEO

Subprogram name: Subroutine ANTGEO

Purpose: Compute antenna leometrv Parameters for chosen diversit_
configuration (DIVTYP).

Calling seouence:
CALL ANTGEO (BWR, BWT, HR, HT)

Contained in module: ANF6EO

Called bv: INDATA

Calls: NONE

Input arguments:
HR R*4 Receiver antenna height above ground.
HT R$4 rransmitter antenna height above ground.

Output arguments:
BWR R*4 Receiver antenna beamwidth in degrees.
BWT R*4 rransmitter antenna beamwidth in degrees.

Global variables input from common:
ACALC /IODATA/ 1*4 IOOATAINC

TRUE if the angles PSITEO and PSIREO are calculated
rather than read in.

CMTPFT /CONSTA/ R*4 CONSTANTS.INC S
Meters Per foot = 0.3048.

DIVTYP /MCOM2/ 1*2 HCOM.INC
Diversitv configuration indicator. Default is 0.
0 = 2 receive antennas; 2S 2S/2F 2S/2A 2S/2A/2F
1 = 1 receive antenna) 2A 2F 2F/2A
2 = 2 transmit,

2 receive antennas; 2S/2P 2S/2P/2A
3 = Not used
4 = User supplied Parameters
S = Space F = Freouenc A = Angle P = Polarization

F /SYSTRN/ R*4 TROCOM.INC
Operating freauencq in Hz, Model is accurate between
100MHz and 10GHz.

LERR /LUNS/ 1*2 LUNS.INC
Error output unit.

MET /UNIT/ R*4 IODAfA.INC
String 'met ' for units output.

MHZ /UNIT/ R*4 IODArA.INC
String 'MHz ' for units output.

MRADNS /UNIT/ R*4 IODArA.INC
String 'mrad' for units output.

-.-'''. :- '-: L:-:" .":-" -:? -"-- 'L" :":" :-":" :" - .": . :.:.- -: . --... :. -.::.-.-:-.:::-.. : -.: .-: -, . . " ,:.::.:0 -



CHAPTER 3

INPUT

This section describes the initial data handling routines:

User's Manual
Name Description section

ANTGEO Antenna geonetrg NA
ERRID 1/O Error message output ... 2.39 3,4.3
INDATA Data input ... *. .. .2.2, 3.2
OUTDAT Output susmarv of input date . 3.4.1
SECTOR Sector search # * NA
UNITCV Units conversion o 2.2
UNITS Units decoding/encoding . .NA

The main routine for this section is INDATA.

All data input to TROPO comes from the input file# rROPO.OAY9 on unit I-IN.
A complete description of this file can be found in the User's Manual, section
3.2. OUTDAT writes into the file FOR0O2,DAT on unit LUV which is described in
section 3.4.1 of the User's Manual,

NOl E

In most cases the sections in the User's Manual describe the coded
eauations as well as the theorv behind them. NA denotes routines that
are programming utilities such as finding indicesp settinq pointers,
etc.*
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0

Control indicator for entrve or calculation of
transmit/receive radio horizon angles rI4EI and rHER.
Values have follovaing meanings#'

0 = Use input THETP THER as reference and
actual horizon (default).

1 = Calculate referenre horizon using HORANG
and K enuais 1.33. (Assuming Dt.T and DIR
are non-zero.) (Option not available.)

2 = Calculate reference horizon using HORANG
and K eatials ERFAC. (Assumins OLT and DI-R
are non-zero.)

3 = Do not change reference horizons from
Previous run. (Option not available.)

SEAN /PRtJPAR/ R*4 TROCOM.INC
tlirimum monthly median, of refractivitu at sea level.
Used to calculate ERFAC if non-zero.

0
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For DIVTYP : 2:
0(.,1) Power on Path 1 (lower beam) vs. delay.
0(.,2) Correlation between convergent Paths

(lower beam) vs. delav.
Q(.,3) Correlation between divergent Paths S

(lower beam) vs. delay.
0(.,4) Correlation between Parallel Paths

(lower beam) vs. delay.
0(.,5) Correlation between crossing Paths

(lower beam) vs. delay.
0(.,6) Power on Path of upper beam vs. delay.
0(.,?) Power on diffraction Path vs. delay.

STSNR /SUMP/ R*4 SIIIP.[NC
Standard deviation of troPoscatter signal Ions-term
SNR distribution in dD.

TAPW /MCOM4/ R*4 HCOM.INC
Normalized tapwidth for O-918. Default is .5.
Range is 0.25 through 1.0

TEHPA(NCORMX) /PDATA/ R*4 PDArA.INC
Array of average troposcatter signal delays for each
beam relative to straight line in seconds.

TERFAC(3) /ERAD/ R*4 ERAD.INC
The three values of ERFAC when HDIST is 1.

THER /PATHGE/ R*4 TROCOM.INC
Radio horizon elevation angle at receive site in
radians.

THET /PAIHBE/ R$4 TROCOM.INC

Radio horizon elevation angle at transmit site in
radians.

TODAY(9) /TSTAIP/ L*1 IODAIA.INC
Array used in PDP-11 version to hold date as
characters.

Global variables output to common:
DELPBZ /RZ1/ R*4

Resolution of a delay cell in seconds. Same as DELPB
in /PDATA/.

DELTAR(NRHX) /ANTENN/ R*4 TROCOM.IMC
3dB half-beamwidth of each receive antenna in radians.

DELTAT(NTHX) /ANTENN/ R*4 TROCOM.INC
3dB half-beamwidth of each transmit antenna in
radians.

ERFAC /PROPAR/ R*4 TROCOH.INC
Yearly median value of effective earth radius factor k " -
in kilometers. Default is 1.33.

GRDB(NRMX) /ANTENN/ R*4 TROCOM.INC
Gain of each receive antenna in dBi.

GTDB(NTX) /ANTENN/ R*4 TROCOH.[NC
Gain of each transmit antenna in diti,

ITOFF /PROPAR/ 1*2 TROCOH.INC

.............................................................. '. " .'..,. .". , ." ... .,"",.-.,."..".., .,°".•..',... ' ," . '
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MODPAT /NCOM2/ 1*2 NCOMINC
Propagation/modem flag to select calculation mode.
Default is 1.

0 = Propagation only
1 = Propagation + MO-918 modem
2 = Propagation + AN/TRC-170 or DAR modem
3 = Propagation + user-defined modem

NODSIG /MCOM2/ 1*2 NCOM.INC
Interference signal modulation format. Default is J.

0 = Analog FOM / FM
1 = Digital UPSK

MRAD /ERAD/ 1*2 ERAD,INC
Loop limit for MRAD. Default is 1.
(NRAD is 1 for NDIST = 0 and MRAD is 3 for MDIST = 1).

NERT /MCOM2/ 1*2 MCOM.INI;
Bit error rate threshold indicator for yearly fade
outage Probability calculation. Default is 2. "

0 = All three thresholds
1 = For 10**(-3) only
2 = For 10**(-4) only
3 = For 10**(-5) only

NODS /MCOM2/ 1*2 MICOMhINC
Number of diffraction obstacles, Haximum is 3P S

default is 1.
NOW(B) /TSTAMP/ L*1 IODATA.INC

Array used in PIP-11/70 version to hold time of day as
characters.

NR /SYSTRN/ 1*2 TROCOM.INC
Number of receive Ports.

NRAD /ERAD/ 1*2 ERAD.INC
ERFAC indicator and loop counter. Default is 1,

NT /SYSTRN/ 1*2 TROCOMINC
Number of transmit Ports.

O(NDELHX,NCORMX) /PDATA/ R*4 PDA'fA.INC
Matrix of troposcatter signal Power and correlation S

Per unit delay Profiles.
For DIVTYP = 0:

O(.,l) Power on lower beam vs. delay.
0(.,2) Correlation between lower and

upper beam vs. delay.
w(.,3) Correlation between lower beams

in antennas 1 1 2 vs. delay.
0(.,4) Power on upper beam vs. delay.
O(.,7) Power on diffraction Path vs. delay

For OIVTYP = 1:
0(.,1) Power on lower beam vs. delay.
0(.,2) Correlation between lower and

upper beam vs. delay.
O(.r3) Power on upper beam vs. delay
0(.,7) Power on diffraction Path vs. delay.

S
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A /PATHGE/ R*4 TROCOI.IC
Effective earth radius in meters.

AA /PRDPAR/ R*4 TROCOI.I#41
Atmospheric absorption loss in dB.

3W /SYSTRN/ R*4 TRDCOhINC
Bandwidth in Hertz. Default is 7 11Hz#

D /PATHGE/ R*4 TROCDM.INC
Great circle distance between transmitter and receiver
measured at sea level in meters.

DEL /SUIIP/ R*4 CURVE.INC
Diffraction Path delav relative to a straight line
Path in seconds.

DELPB /PDATA/ R*4 PDATAINC
Resolution of a delav cell in seconds.

DL(3) /11C014/ R*4 "CDII.INU
Arrav containing distance from each obstacLe to
transmitter in meters.

DRATE /11C014/ R*4 HCOII.INC
Data rate in bits/second. Default is 6.6E6.

DS(3) /11C014/ R*4 MCIJ.INC
Arrag of effective obstacle extents along the great
circle Path in meters.

EOF /CONTRL/ 1*4 TRDCOM.114C
End of TRDPO.DAT file found if TRUE.

F /SYSTRN/ R*4 TROCONI$.NC
Operating freouencu in Hz. Model is accurate between
10011Hz and 106Hz.

141(3) /1ICQH4/ R*4 MCOM.IHC
Arrav containing elevation of each obstacle above sea
level in meters. HL(1) is elevation of transmitter
radio horizon HIT. HL(NOBS) is elevation of receiver
radio horizon HIR.

HRN /PATHGE/ R*4 TROCON.INC:
Receive antenna height above sea level in meters.

14TN /PATHGE/ R*4 TRDCONIH~NC
Transmit antenna height above sea level in meters.

19W /11C012/ 1*2 "COII.IH(
Switch indicating tvpe of RF bandwidth constraint to
be used on desired signal. Default is 0.

0 = No RF filtering
1 = Filter determined from 99% bandwidth constraint
2 = Filter chosen to meet FCC Mask* (FCC-1?311)
3 = Filters are user specified

LOUT /L.UNS/ 1*2 LUNS.INC
F0R002.DAT output unit number.

MDIST /ERAD/ 1*2 ERAD.INC
Iultipath distribution indicator.

0 = Onlv median multipath spread used(default)
1 = Multipath distribution used. (Option not

currentlu available#)
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2.1 TROPO

Program noae: Program TROPO

Purpose: To Predict single link digital troposcatter communications
system Performance for freouencies between 100 Hhz and 10 (hz.

Description: The routines in TROPO can be grouped into eight major
functions:

1) Data input and unit conversion: INDATA.
2) Data checking and error handling' CHKDAT.
3) Trooscatter Propagation calculations: AIMOS# TRANSF,

ANTPAR, INTLIM, LrCORR, LOOPS and POWER,
4) Diffraction Propagation calculations: HDIF and DIFSNR.
5) Transmitter and receiver filter calculations: DUTFIL.
6) MD-918 modem Performance calculations: huTS,
7) AN/TRC-170 and DAR modem Performance calculations: RrIN.
8) Summarv Page output: SUMPAG.

The Program can Perform one of the following functions for each run:
1) Trooscatter calculations onlu
2) rrooscatter and diffraction calculations
3) Trooscatter and interference calculations S
4) Propagation (one of above 3) + HO-918 modem
5) Propagation + AN/TRC-170 or DAR modem
6) Propagation + user defined modem

h The input files used are:'#

Unit no. File name Description

LIN= 1 rROPO.DAT The input file,

The output files used are!

LOUT = 2 FOROO2.DAT The output file.
LERR = 2 FOROO2,DAT The error output file.
LDEBUG = 2 FOROO2.DAT The (debug) output file.
LSUH 3 SUMPAG.OUT The summarv Page file.
LTERM = 4 <user's terminal> Error messages,

CALL TROPO

Contained in module? TROPO

calls:
ANTPAR ATMOS DUTFIL CHKDAT DIFSNR INDATA INTLIM LOOPS LTCORR
HDIF MDTS POWER SUMPAG TRANSF TRCIN

*Global variables input from common:

-S •,

.................................. l
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CHAPTER 2

DRIVER

This section describes the driver for the TROPO Program. Figure 2-1 is a
top level flowchart of the TROPO Program at a functional level. In most cases
the blocks correspond to one or sore subprograms. The test blocks (diamonds), .01
except for 'Anv Fatal Errorsv correspond to logical branches which are decided
bw the user's choices of input data.
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POP version IBM version Affects (among others) -

PARANErER Actual numbers used TROPAR.INC, rROCOMINC _
and PATAINJI.FIN

INCLUDE Commons alreadv An4 routine accessing a
included common

BYTE LOIiAL*1 data tuPe Various routines
Leading tab 5 or 6 spaces All routines
Blank lines 'C' before line All routines S
Separate All sources in I file NA
source files
DATE and TIME No date and time for TROPO, UUTPAI, and SUMPAG

output
No RETURN in RETURN at end DATAINIT.FTN
block data 0

Certain FORTRAN compromises have been made in the code to satisf"
FORTRAN-H Extended which are acceptable to, though not optimal for,
FORTRAN-IV PLUS: --

1) IBM does not allow INTEGER$2 variables as arguments to FORTRAN
functions which require integer arguments so that [NTEIER*4
variables have been used as arguments in such cases.

2) The functions of MIN and MAX have been re-coded in some - -
cases as an alternative to such FORTRAN function calls.

3) The logical unit numbers, LOUt, LIN, etc., are [NTEGER*4. S
4) The variables in common are listed in decreasing storage size.
5) Data for each common is initialized in block data only.
6) Quoted literals are onlw used in data statements.
7) Arithmetic expressions were not used in WRITEs, 6Ol'Os and DO loops. -

B) Logical variables are LO(;ICAL*l or LO6ICAL*4 rather than LOGICAL*2.

. ...... . . ......... .. . . . -o . .. . 2. .- ,.. . . . .
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The error output file, logical unit LERR, is assigned the same unit number
as the output file. This can be changed to a unieue number so that the errors
are written to a separate file. Note that for the POP version this would also
involve changing the task build command file to increase the number of active
files (ACTFIL = ) and the largest LUN accessed (UNITS = ). Your system manual
will have more information on this. Be aware that this will also increase the
size of the task.

Logical unit LSUM is explicitly assigned to the file SUtPAG.OUT bm. the OP'N
statement in subroutine SUMPAG.

Output to the terminal is done on logical unit LTFRM which has been set to
4. The default for the terminal is 5 but in order to reduce task size it has
been assigned to unit 4 in the task build command file. Note that this
assignment can be changed to the system disk if TROPO is to he run in background
and as such cannot access the terminal. If the disk is used, a file,

* FOR004.DATP will be opened for the error messages normally sent to the terminal.
Another option is to set LTERM to the same value as LERR in the block data
section to have the messages in the same file.

1.5 PDP and IBM codina differences .,

Throughout this document POP and IBM refer to versions of the Program and
not necessarily the computer it is running on, The PDP version was written
using many of the features of PDP Fortran that allow SIONATRON to revise the
Program easily, The IBM version is more universal since it is closer to ANSI
Fortran, which allows it to run on other systems with fewer modifications. The
following features are different in the source codes of the two versions:

.0: ,

* 5 .

.. ,S

m" " • "

.........................................................
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input from common: routine but not given a new
value.

* 12) Global variables All global variables Possibly
output to common: given a new value bw the

routine.

All sections of the description, except those marked by a '*', are always
Present in all routine descriptions whether data follows the section or not.

1.3 Fortran IV-PLUS

TROPO is written in Fortran IV-PLUS; therefore, it is necessary that the
Program link to the Fortran IV-PLUS library, rhough it is Possible to compile 0
and run under Fortan-77, the output is not guaranteed since Fortran-77 is not a
strict suPerset of Fortran IV-PLUS and the differences in the versions mat change
the results.

1.4 Input and output units

The logical units the TROPO Program reads from and writes to files whose
associated logical unit numbers are variables Passed throulh the common /LUNS/
in file LUNS.INC. The values are set in the block data section to:

Name LUN Purpose File name

LIN I Input file FROMP[]DAT
LOUT 2 Output file FOROO2,DAT
LDEOU( 2 Output file FOROO2,DAT
LERR 2 Error file FOROO2.DAT
LSUM 3 Summary Page SUMPAG.OUT
LTERM 4 Error messages <user's terminal>

Logical unit LIN is explicitlv assigned to the file TROPO.AT by the OPEN
statement in subroutine INDATA.

LOUT is implicitlv assigned to the file FOROO2.DAI. The PIMP-11/70 will
assign the default name FOROOn.OAT to any file written to or read from on
logical unit n which has not been opened Previous to the read or write.

- Se
LDEBUG is always assigned to the output file and is Present onlw to

distinguish debug write statements from output write statements.

° I
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3.2 ERRID

Subprogram name: Subroutine ERRIO

Purpose: Outputs error number and error message to terminal (,unit
LTERM) and the output file FOROO2.DAT (unit LOUT). 6

Description: Checking for input errors is done throughout TROPO but the
messages written from this routine are for initial testing done in
the input routines, INUATA, SECTOR, and UNITS. When a fatal error or

-6 data inconsistencu is found, Processing transfers to this subroutine.
Host errors found are fatal so Processing branches to line 500 to STOP 6
after outputting the message; others are merelu warnings and branch to
600 to return to the calling Program and continue Processing.

The errors are divided in the source code bv calling routine so a
check of the code or FORMAT statements reveals in which routine the
error was encountered,

Note that for all error 999s the calling Program has alreadu
Printed an error messame to the output file FORO)2.DAT before calling
ERRID.

Calling seouence:
CALL ERRIO (I)

Contained in modtile: ERRIO

Called by: INDATA SECTOR UNITS

Calls: NONE

Input arguments:
I 1*2 Error number.

Output arguments? *
NONE

Global variables input from common:
LOUT /LUNS/ 1*2 LUNS.INC

FOROO2.DAT output unit number.

.,. . . . . . . . . . . . . . . .

. . . . ......' "- -:. - . . ...-..... /.-."-. . .-.......-- ,-.... , .- ,-,-.
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3,3 INDATA

Subprogram name: Subroutine INDATA

Purpose: This subroutine reads the data reeuired for TROPO calculations
from the input file TROPO.DAT. 0

Description: Each section in the source code of INDATA is identified bw
dashed lines around a section header which correspond with each
section in the input file, TROPO.DAT.

There are three tvPes of lines in the input file TRDPO.PAI: 0

1) Sector header
2) Comment
3) Data

A sector header identifies the beginning of each section. Before
INDATA reads a section of data, SECTOR searches for the sector header
bv reading lines until the first four letters match the section wanted.
This feature makes the data in each section independent which is
necessarv when, for examlpe, PTYPE = 0. In this case? INDATA reads in
all the TROPOSCATTER data, The next section, DIFFRACTION, is onl:
needed for PTYPE = 1. Since it contains data for some of the same
variables Just initialized, in order to Preserve these values, SECTOR
is called to search for the DIFFRACTION sector header which skips over
these data lines. From this Point INDATA goes on to read the diversity
data.

A comment line describes the data that should follow, giving
defaults and maximums in some cases. Each begins with a '*' to
differentiate these lines from the sector headers. In the code, the
statement: READ (LIN,1O05) skips over the comment lines in the input
file. The number of these reads corresponds to the number of comment
lines Preceding each data line in the input file.

Most data lines are read in list-directed. This tpe of read will
read digits into the variable until a delimeter (space or comma) is
found, eliminating the need for data to be lined up in specific
columns as in formatted input. The data tuee is converted on input
to the variable tvPe so that integers mav be input for reals. Two
consecutive commas (or a leading or trailing comma) inputs no data
into the correseonding variable, thus Preserving its default value. 0
A slash terminates input for all remaining items in the input list,
also Preserving their default values. Note, the slash cannot be used
for losical or literal data.

Literal data is, in most cases, read into REAL$4 variables with an
alpha format descriptor (of the form A~w]). This will Put one
character into each of the four bvtes of the real as though it were a
BYTE (LOGICAL*1) arrav of length four.

. . .

'%'• .o." .. .- ,. "o.".. .-.. .-....- ,o'..,
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U, 0

CAUTION! When adding new variables to the input file? do not insert

them before the units section (HDU, ANOU, etc.) if the data is to be

converted bw UNITCV to and from MKS units. In subsecuent runs, the

call to UNITCV comes immediatel' after these units are deciphered so

all values in common are treated as though in MKS units. 

Calling seauence:

CALL INDATA (JPOWASEPCLIHAT,BWT,BWR,PTYPE, JBWTRCTYP,FJSEP)

Contained in module: INDATA B

Called by: TROPO

Calls' ANTGEO ERRIO OUTDAT SECTOR UNITS

InPut arguments: 0

NONE

Output arguments:
JPOW R*8 Interference signal Power densitu in dbm/Hz.

ASEP R*4 Separation between receive antennas in meters.
CLIMAT R*4 Climate zone indicator.
BWT R$4 Transmit antenna beamwidth in degrees.

BWR R*4 Receive antenna beamwidth in degrees,

PTYPE 1*2 Variable which indicates whether propagation

mechanism is pure troposcatter (0 or 10) or mixed

troposcatter-diffraction (1 or 11).

JBW R*8 Interfering signal bandwidth in Hz, B

TRCTYP R*4 TRC-170 modem twpe indicator:
0 = 1 freauency DAR modem
1 = 2 freeuencu AN/TRC-170

FJSEP R*4 Freauencu separation between desired signal and

interference signal in Hertz.

Global variables input from common:
AO /CONSTA/ R*4 CONSTANIS.INC

Radius of the earth in meters = 6367650.

CO /CONSTA/ R*4 CONSIANTS.INC

Free space velocitu of radio waves = 2.9Y8E8 */sec.

CNTPFT /CONSTA/ R$4 CONSTAN'S.INC
Meters Per foot = 0.3048,

G 0HZ /UNIT/ R*4 IODATA.IN-
String 'GHz ' for units output.

Kh /UNIT/ R*4 IODATA.INC
String 'km ' for units output.

LERR /LUNS/ 1*2 LUNS.INC -
Error oljtpjt unit.

MDIST /ERAD/ 12 ERAD.INC

11.. ... .' .." . " . . L... I . i.'i " :. :.- .. - :~ i ." "'-" " . ..- " -' - -1-i' . ' - i0
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Multipath distribution indicator.
0 = Onlv median multipath spread used(default)
I = Multipath distribution used. (Option not

currentlu available.)

MHZ /UNIT/ R*4 IODATA.INC
String 'MHz ' for units output.

UDIST /UNIT/ R*4 IODArA.INC
Units of distance (smi, nmi, ka).

UFREO /UNIT/ R*4 IODATA.INC
Units of freouencv (GHz, MHz).

Global variables output to common:
A /PATHGE/ R*4 TROCO1.lIC

Effective earth radius in meters.
ACALC /IODATA/ L*4 IODATA.INC

TRUE if the angles PSITEO and PSIREO are calculated
rather than read in.

AR(NHRMX) /ANTENN/ R*4 TROCOMINC
Array of receiver antenna diameters in meters. AR(I)
is eouivalent to RDIAM in the input file.

AT(NTMX) /ANTENN/ R*4 TROCUN.INC
Arrav of transmitter antenna diameters in meters.
AT(l) is eouivalent to TDIAM in the input file.

AVERX /MCOM4/ R*4 NCOM.INC
Average terrain elevation above sea level between
receive site and radio horizon? in meters.

AVETX /MCON4/ R*4 NCON.INC
Average terrain elevation above sea level between
transmit site and radio horizon, in meters. --

BN /SYSTRN/ R*4 TROC(|HNC 5
Bandwidth in Hertz. Default is 7 MHz.

CHGHR /IODATA/ 144 IODArA.INC
HR set to AR(I) if IRUE.

CHGHRE /IODATA/ L*4 IODATA.INC
HRE set to HR if TRUE,

CHGHT /IODATA/ L*4 IODA'rA.INC
HT set to A1l0) if TRUE.

CHGHTE /IODATA/ L*4 IODATA.INC
HTE set to HT if TRUE.

CN2(NPROF) /PROPAR/ R*4 TROCON.INC
The atmospheric structure constant height Profile in
meters to the -2/3 Power.

CODE /1COM4/ L*4 MCON.INC
Flag for coding.

D /PATHGE/ R*4 TROCON.INC
Great circle distance between transmitter and receiver
measured at sea level in meters,

DELH /PROPAR/ R*4 TROCOM.INC
Spacing of CN2 samples in meters.

DEMIN /CURVE/ R$4 CIIRVE.INC

. .. , ....... .-. .... ...
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S

User supplied minima of the 90th percentile
variability curve, YO(M0).

DIVTYP /MCOM2/ 1*2 MCOM.INC
Diversity configuration indicator, Default is O.
0 = 2 receive antennas; 2S 2S/2F 2S/2A 2S/2A/2F
I = t receive antenna; 2A 2F 2F/2A
2 = 2 transmit,

2 receive antennas; 2S/2P 2S/2P/2A
3 = Not used
4 = User supplied Parameters
S = Space F = Freeuencv A = Angle P = Polarization

DL(3) /MCOM4/ R*4 MCON.INC
Array containing distance from each obstacie to
transmitter in meters.

DLR /PATHGE/ R*4 IROCOH.INC
Distance from receiver to radio horizon in meters.

DLT /PATHGE/ R*4 TROC)N.INC
Distance from transmitter to radio horizon in meters.

DRATE /ICOH4/ R*4 MCOh.INC
Data rate in bits/second. Default is 6.6E6.

DS(3) /HCOM4/ R*4 NCON.INC
Array of effective obstacle extents along the great
circle Path in meters.

ELANG(10) /HCO4/ R*4 HCOM.INC
Interferer elevation angles in degrees. Default is 0.

EOF /CONTRL/ 1*4 TROCOM*INC
End of TROPO.DAT file found if TRUE,

ERFAC /PROPAR/ R*4 TROCON.INC
Yearlw median value of effective earth radius factor k
in kilometers. Default is 1.33.

ERR /CONTROL/ R*4 TROCOI.INC
Common volume integration resolution, Default is .001.

F /SYSTRN/ R*4 TROCOM.INC
Operating freouencv in Hz. hodel is accurate between
IOOiMHz and 10GHz.

FCRX /BUTPAR/ R*4 BUTPAR.INC
Normalized 3dB cut-off freouencv of receiver filter.

FCTX /BUTPAR/ R*4 DUTPAR.INC
Normalized 3dB cut-off freauencv of transmitter
filter.

b GPF /CURVE/ R*4 CURVE.INC

Freauencu correction factor for user supplied 90th
Percentile variability curve. Default is 1#

HI(155) /HCOH4/ R$4 MCOHINC

Array containing NPM(1) evenlv-spaced terrain
elevation data (in meters) between transmitter and
first obstacle followed by HPH(2) evenly-spaced 0
terrain elevation data between first and second
obstacle, etc., ending with NPM(NOBS+I) evenly-spaced
terrain elevation data between last obstacle and

. . .... ..-. . ....- .-. A . .
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receive site. The data should be selected such that:
HI(M) = Terrain elevation above sea level at

transmit site (HTO).
HI(NPH(I)) = HI (NPH([)+I) = Elevation of Ith

obstacle above sea level (HL(I)).
HI(NPM(NOBS+I)) = Terrain elevation above sea -

level at receive site (HRO)t
In HOTS, HI is used as work space. It is eiuivalenced
to local arrays.

HL(3) /HCOM4/ R*4 MCOh.INC
Array containing elevation of each obstacle above sea
level in meters. HL(O) is elevation of transmitter
radio horizon HLT. HL(NODS) is elevation of receiver
radio horizon Ht.R.

HLAV(3) /COM4/ R*4 MCON.INC
Array containing average terrain elevation at each
diffraction Point in meters.

HLEF(3) /MCOM4/ R*4 MCOM.INC 5
Array containing effective height of obstacles above
average terrain elevation in meters.

HLOW /PROPAR/ R*4 TROCOU.INC
Lowest height above sea level at which CN2 is
specified in meters.

HLR /PATHGE/ R*4 TROCOH.INC
Receiver radio horizon elevation above sea level in
meters.

HLT /PATHGE/ R*4 TROCOM.IN-
Transmit radio horizon elevation above sea level in
meters.

HRE /1CO4/ R*4 MCOM.INC
Effective receiver antenna height above average
terrain elevation in meters.

HRN /PATHGE/ R$4 TROCOM.INC
Receive antenna height above sea level in meters.

HTE /hCOM4/ R*4 MCOH.INC
Effective transmitter antenna height. above average -
terrain elevation in meters.

HTN /PAIHGE/ R*4 TROCOM.INC
Transmit antenna height above sea level in meters.

IBR(NRMXNRMX) /SYSTRN/ 1*2 TROCOM.INC
Channel complex-envelope correlation and
cross-correlation calculation indicator array.

0 = No calculation
I = Power (correlation) calculation only
2 = Power (correlation) Per unit delay

spectrum calculation
IBW /HCOH2/ 1*2 HCOM.INC

Switch indicating type of RF bandwidth constraint to
be used on desired signal. Default is 0.

0 = No RF filtering

::S:i!::

...................................................................
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1 = Filter determined from 99X bandwidth constraint
2 = Filter chosen to meet FCC Mask, (FCC-19311)
3 = Filters are user specified

ICLIME /MCOM2/ 1*2 MCOM.INC
Climate class. Default is 0.

0 = NBS rN-Ioi climate
1 = NIL-HDBK-417 climate
2 = New, user-supplied climate

IFILRX /BUTPAR/ 1*2 BUTPAR.INC
Receiver filter indicator.

0 = ND-918 receiver filter* Also means
filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eaual to svmbol duration.

1 = (not allowed)

2 = AN/TRC-170 receiver filter. Also means
filter is a Butterworth. S

IFILTX /8UJTPAR/ 1*2 BUTPARINC
Transmitter filter indicator.

0 = MD-918 transmitter filter. Also means
filter is a Butterworth cascaded with a
rectangjlar impulse response filter of
duration eeual to synbol duration. "

1 = AN/TRC-170 transmitter filter. Also means
filter is a cascade of Butterworth filter
with rectangular impilse response filter
of duration eaual to half svmbol duration.

2 = (not allowed)
IOPEND /CONTRL/ 1*2 TROCOM.JNC

Number of output files opened.
IPOLR(NRMX) /ANTENN/ 1*2 TROCOM.INC

Arra4 of receiver antenna Polarizations.
IPOLT(NTMX) /ANTENNI 1*2 TROCOI.INC

Arraw of transmitter antenna Polarizations.
ITOFF /PROPAR/ 1*2 TROCOM.INC 0

Control indicator for entry or calculation of
transmit/receive radio horizon angles THET and THER.
Values have following meanings:

0 = Use input THET, THER as reference and
actual horizon (defatult).

I = Calculate reference horizon using HORAN6
and K eojais 1.33. (Assuming OLT and OLR
are non-zero.) (Option not available.)

2 = Calculate reference horizon usinl HORANG
and K eouals ERFAC. (Assuming DL.T and DI.R
are non-zero.)

3 = Do not change reference horizons from
Previous run. (Option not available.)

KLIMAT /PROPAR/ 1*2 TROCON.INC
Climate zone indicator. Default is 0.

....................... ... ,. ~~ k ........................ :.....
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0 Ustier supplied climate
NBS TNIOI climates

1 = Continental temperate (CT)
2 = Maritime temperate overland (MTL)
3 = Maritime temperate oversea (IITS)
4 = Maritime subtropical overland (MSL)
5 = Continental temperate time block 2 (CT2)

(winter afternoon hours) - formerlu
Maritime subtropical oversea (HSS)

6 = Desert, Sahara (DS)
7 = Eauatorial (EQU)
8 = Continental subtropical (CS)

MIL-HDBU(-417 climates
9 =Continental temperate ((:T)
10 =Maritime temperate overland (MuL)
11 =Maritime temperate oversea (tITS)
12 =Maritime subtropical (NS)S
13 =Deserti Sahara (DS)
14 =Eouatorial (EOU)
15 =Continental subtropical (CS)
16 =Mediterranean (tIED)
17 =Polar (P01)

KPROF /PROPAR/ 1*2 TROCOMINC
Actual number ot samples in height Profile of
structure constant CN2. Limited t~o NPROF samples.

LIN /LUNS/ 1*2 LUNS*INC
TROPO.DAT input unit number.

LINKNO /IODATA/ 1*2 IODATA.INC
Link number.

LISI /MC0M2/ 1*2 MCOM.INC
Number of future Intersymbol Interference (ISI)
contributors considered in MD-918 Performance
calculation. Default is 2.

LNAME(20) /IODATA/ 1*2 IODATA.INC
Link name. rransmitter site firstp receiver siteS
second. Used as link identifier on output files
F0R002.DAT and SUMPAG.OUT.

MIANG /tICOt2/ 1*2 MCOM.INC
Number of values of interferer azimuith/elevation Pairs
(JANG) for which outagle calculations are to be made.
Default is 1.

PILAST /PDATA/ 1*2 PDATA,INC
Number of simulator taps. Default is 16.

MOOPAT /MCOM2/ 1*2 MCOMIINC
Propagation/modem flas to select calculation mode.
Default is 1.

0 = Propagation onlu
I = Propagation + MD-918 modem
2 = Propagation 4 AN/TRC-170 or BJAR modem
3 = Propagation + user-defined modem
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NODSIG /NCON2/ 1*2 NCOM.IN"
Interference sitnal modulation formst. Default is 1.

0 =Analog FDII FM
1 = Digital OPSK

NRAD /ERAD/ 1*2 ERAD.INC
Loop limit for MRAD. Default is 1.
(MRAD is I for MOIST = 0 and NRAO is 3 for MOIST = 1).

NACCU /CONTRL/ 1*2 TROCON.INC
Parameter used as truncation Point for common
volume integration termination. Default is 40.

NANG /R12/ 1*2 R12.INC
NANG is 1 it there is angle diversity (default).

NCLINE /MCON2/ 1*2 MCOH.INC
Flag set to 1 if ICLIIE eauals 2.

NERT /HCO2/ 1*2 MCO.INC
Bit error rate threshold indicator for yearly fade
outage Probability calculation, Default is 2.

0 = All three thresholds
1 = For 10**(-3) only
2 = For 10**(-4) only
3 = For 10**(-5) only

NEWCL(4) /MCOM2/ 1*2 NCONINC
New climate type character string, S

NFIG /MCOi4/ R*4 MCOM.INC
Receiver noise figure in dB. Default is 4dB.

MODS /NCON2/ 1*2 MCOM.INC
Number of diffraction obstacles. Maximum is 39
default is 1.

NPH(5) /MCOH2/ 1*2 NCO.IC.
Array containing number of terrain elevation data
Points for calculation of effective antenna heights
for each section of the diffraction Path.

NPOLRX /BUTPAR/ R*4 BUTPAR,INC
Number of Poles in the receive Butterworth filter.

HPOLTX /BUTPAR/ 1*2 DUTPAR.INC S

Number of Poles in the transmit Butterworth filter.
MR /SYSTRN/ 1*2 TRDCDtoINC

Number of receive Ports.
NT /SYSTRN/ 1*2 TROCONINC

Number of transmit Ports.
NTERR /MCON2/ 1*2 MCO$.INC

Control Parame+er for entry or calculation of
effective ante na heights (HTE, HRE) and effective
obstacle heights above average terrain elevation
(HLEF).

0 = HTE and HRE supplied directly
I = AVETX and AVERX supplied
2 = HI(.) supplied

PHDIV /NCON4/ R*4 MCON.IHC
Seuint angle between upper and lower receiver beams in

. . . .. . .. . . . . . . . . .
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radians. Default is beamwidth0
PSIRAO(NRMX) /AN[ENN/ R*4 FROCOM.INC

Arrav of receiver beam azimuths in radians,
PSIREO(NRHX) /ANTENN/ R*4 TROC)M.INC

Arrav of receiver beam boresight elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSIREO(1)
is the main receive antenna.

PSITAO(NTMX) /ANTENN/ R*4 TROCOM.INC
Array of transmitter beam azimuths in radians.

PSITEO(NThX) /ANTENN/ R*4 TROCOhINC
Array of transmitter beam boresight elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSITEO(1)
is the main transmit antenna.

PULSE /RZ/ 1*2 RZ.INC
Switch controlling H-91H Pulse shape after
transmitter-receiver filtering.

PULSE = 0 Triangle
= 1 OOPSK matched filter
= 2 Sinc Pulse, bandwidth eeual to I
= 5 RF filtering included

Set to 0 if IDW = 0 or KGAIN > 1.
Set to 5 if IOW > 0 and KtOA[N = 1.

PXMIT /MCO4/ R*4 MCOM.INC
Rated transmission Power in d~m. Default is 70d0m.

RLL /SYSIRN/ R*4 TROCOM.INC
Receiver line losses in d8. Default is 0 dD.

RSEP(3) /IODATA/ R*4 IODATA.INC
Separation between receive antennas.

SCPARM /PROPAR/ R*4 TROCOh.INC
Wavenumber spectrum slope Parameter M. Default is
3.66.

SEAN /PROPAR/ R*4 TROCDM,INC
hinimum monthlw median of refractivity at sea level.
Used to calculate ERFAC if non-zero.

SP /MCOM4/ R*4 MCOM.INC
Service Probabilitv. Default is .95.

SPE /PVATA/ R*4 PDATAINC
Tap spacing in nanoseconds. Default is 67 nsec.

SUPRES /IO1DArA/ 14 1(DATA.INC
Supress long output in SUMPAG it true,
Set to TRUE if PrYPE > 9.

TAPOUT /PDATA/ L*4 PDATA.IN(:
If true, the simulator tap values are output to the
output file, FOR002.DAT. Default is TRUE.

TAPW /MCOt4/ R*4 MCOM.INC
Normalized tapwidth for MD-918. Default is .5.
Range is 0.25 through 1.0

TERFAC(3) /ERAD/ R*4 ERAD.INC

................... -.......-.. i- ..... .....
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The three values of ERFAC when HDIST is 1.
THER /PATHOE/ R*4 TROCOH.INC

Radio horizon elevation angle at receive site in
radians.

THET /PATHGE/ R*4 TROCOH,INC
Radio horizon elevation angle at transmit site in
radians.

TLL /SYSTRN/ RM4 TROCOH.INC
l -ansmitter line losses in dR. Defajlt is 0 dB.

TSEP(3) /IODATA/ R*4 IODATA,INC
Separation between transmit antennas in meters.

URH(NR) /PATHOE/ R*4 TROCOII.INC 0
Array of receive antennas horizontal offsets from
great circle Plane in meters.

URL(NR) /PATHGE/ R*4 TROCO,INC
Array of receive antennas longitudinal offsets in
meters.

URV(NR) /PATHGE/ R*4 TROCOM.INC
Array of receive antennas vertical offsets in meters.

UTH(NT) /PATHGE/ R*4 TROCOH.INC
Array of transmit antennas horizontal offsets in
meters.

UTL(NT) /PATHGE/ R*4 TROCOM.INC
Array of transmit antennas longitudinal offsets in
meters.

UTV(NT) /PATHOE/ R*4 TROC(M.INC
Array of transmit antennas vertical offsets in meters.

WAVLEN /SYSTRN/ R*4 TRDCON.INC
Wavelength in meters.

WLT /SYSTRN/ R*4 TROCONINC
Rated transmission Power in Watts. Default is 1000 W.

XANG(10) /HCOM4/ R$4 MCO.INC
Interferer azimuth anleps in delrees. Default is 0.

Y900 /CURVE/ R*4 CURVE.INC
User supplied value for 90th Percentile variability
curve YO(90) for DE greater than or eeual 90(0 km. 5

Used only when !CLIE is 2. Used to compute the
eauation for the YO(90) curve fit.

YhIN /CURVE/ R*4 CURVE.INC
User supplied value for 90th Percentile variability
curve YO(90) for DE eoual to DEMIN. Used only when
ICLIME is 2. Used to compute the enuation for the
YO(90) curve fit.

... .



1UT Page 3-16
)routine OUTDAT

0

3.4 OUTDAT

Subprogram name: Subroutine OJTDAT

Purpose: Outputs to the output file, FIROO2.DAT, Parameters read from
the input file TROPO.DAT as well as Parameters calculated from these
in INDATA, UNITS and ANTGEO.

Description: Most numeric values are Printed with decimal Points lined up.
To make formatting easier# the T format is used to Place the decimal
Point in the 57th Position. The column to tab to is 57 - the number of
integer Places, ie, for an 17 format tab to column 50: ...f50r7....
Therefore the following formulas can be used to calculate x:

Integer 1w or Iw.m 57 - w
Floating Point Fw.m 57 - (w - (m+1))

Exponential Ew.m 57 - (w - (m+5)) S
Exponential EwmEe 57 - (w - (m+e+3))

where x is the value to use wherever Tx will be used.

Calling seauence:
CALL OUTDAT (CLIMATASEPJPOWBWTiBRtHIOHROPHTHRPTYPE, S
JBW,FJSEPTRCTYP)

Contained in module: OUTDAT

Called bv: INDATA

Calls: NONE

Input arguments:
CLIMAT R*4 Climate zone indicator.
ASEP R*4 Separation between receive antennas in meters.
JPOW R*8 Interference signal Power density in dIm/Hz, S

BWT R$4 Transmit antenna beamwidth in degrees.
BWR R*4 Receive antenna beamwidth in degrees.
HTO R$4 Transmit site elevation above sea level.
HRO R*4 Receive site elevation above sea level.
HT R*4 Transmit antenna height above ground.
HR R*4 Receive antenna height above ground.
PTYPE 1*2 Variable which indicates whether Propagation

mechanism is Pure troposcatter (0 or 10) or mixed
troposcatter-diffraction (1 or 11).

Jew R*8 Interfering signal bandwidth in Hz.
FJSEP R*4 Freouencw separation between signal and interferer

in Hz. S

TRCTYP R*4 TRC-170 modem tuPe indicator.
0 = I freauencv DAR modem
1 = 2 freouencw AN/TRC-170 modem

- . . .. . - , . . . . . . . . . . . . . . . .. . . ... . . ., .. .
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Output arguments:

NONE

Global variables input from common: 0
ACALC /IODATA/ L*4 IODATA.INC

TRUE if the angles PSITEO and PSIREO are calculated

rather than read in.
AR(NRMX) /ANTENN/ R*4 TROCOM.INC

Arrav of receiver antenna diameters in meters. AR(1)
is eeuivalent to RDIAM in the input file,

AT(NTNX) /ANTENN/ R*4 TROCO]M.INC
Arrav of transmitter antenna diameters in meters.

AT(1) is eauivalent to TDIAM in the input file.
AVERX /MCOM4/ R*4 MCOh.INC

Average terrain elevation above sea level between
receive site and radio horizon, in meters.

AVETX /IMCDM4/ R*4 MCON.INC

Averege terrain elevation above sea level between
transmit site and radio horizon, in meters.

BW /SYSTRN/ R*4 TROCOM.INC
Bandwidth in Hertz, Default is 7 MHz.

CHGHR /IODATA/ L*4 IO[AIA.INC
HR set to AR(1) if TRUE.

CHGHRE /IODATA/ L*4 IODATA.INC

HRE set to HR if TRUE.
CHGHT /IODATA/ L*4 IODATA.INC

HT set to AT(1) if TRUE.
CHGHTE /IODATA/ L*4 IODATA.INC

HTE set to HT if TRUE.
CN2(NPROF) /PROPAR/ R*4 TROCOM.INC

The atmospheric structure constant height Profile in
meters to the -2/3 Power.

D /PATHGE/ R*4 TROCOM.INC
Great circle distance between transmitter and receiver B
measured at sea level in meters.

DEG /UNIT/ R*4 IODATA.INC

Strinq 'deg ' for units outpuJt.
DELH /PROPAR/ R*4 TROCON.INC

Spacing of CR2 samples in meters.

DENIN /CURVE/ R*4 CURVE.INC;
User supplied minim of the 90th Percentile
variabilitu curve, YO(90).

DIVTYP /MCOM2/ 1*2 MCOM.INC
Diversity configuration indicator. Default is (.
0 = 2 receive antennas; 2S 2S/2F 2S/2A 2S/2A/2F
I = I receive antenna; 2A 2F 2F/2A
2 = 2 transmit,

2 receive antennas; 2S/2P 2S/2P/2A

3 = Not used

l S
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4 = User supplied Parameters
S : Space F = Freauencv A = Angle P Polarization

DL(3) /MC0M4/ R*4 MCOM.IN(
Array containing distance from each obstacle to

transmitter in meters.
DLR /PATHGE/ R*4 TROCOM.INC

Distance fro& receiver to radio horizon in meters.
DLT /PATHGE/ R$4 TROCOM.INC

Distance from transmitter to radio horizon in meters.
DRATE IMCOM4/ R*4 MCOMoINC

Data rate in bits/second. Default is 6.6E6.
DS(3) /MCOM4/ R*4 MCO.TNC

Array of effective obstacle extents along the great
circle Path in meters.

ELANG(IO) /lCOH4/ R*4 HCOH.INC
Interferer elevation angles in degrees. Default is 0.

ERFAC /PROPAR/ R*4 TROCOM.INC
Yearly median value of effective earth radius factor k
in kilometers. Default is 1.33.

ERR /CONTROL/ R*4 TROCOM.INC
Common volume integration resolution. Default is .001.

F /SYSTRN/ R*4 TROCONINC

Operating freouenc in Hz, Node) is accurate between
100MHz and 10GHz.

FT /UNIT/ R*4 IODATA.INC
String 'ft ' for units output.

GHZ /UNIT/ R*4 IODATA.INC
String 'GHz ' for units outputm

HI(155) /MCOM4/ R*4 HCOH.INC
Array containing NPH(1) evenlv-spaced terrain
elevation data (in meters) between transmitter and
first obstacle followed by NPM(2) evenly-spaced
terrain elevation data between first and second

obstacle, etc., ending with NPH(NOBS+I) evenly-spaced
terrain elevation data between last obstacle and
receive site, The data should be selected such that:

HI() = Terrain elevation above sea level at
transmit site (HFO).

HI(NFM(I)) = HI (NPM(I)+I) = Elevation of Ith
obstacle above sea level (HL(l)).

HI(NPM(NOBS+I)) = Terrain elevation above sea
level at receive site (HRO).

In MDTS, HI is used as work space. lt is eauivalenced
to local arrays.

HL(3) /MCOM4/ R*4 hCOM.INC
Array containing elevation of each obstacle above sea
level in meters. HL(1) is elevation of transmitter
radio horizon HLT. HI.(NOBS) is elevation of receiver
radio horizon HI.R.

HLAV(3) /MCOM4/ R$4 MCOM.INC

• .



CHAPTER 4

ERROR UTILITIES

This section describes the data checking and error handling routines:

User's Manual S
Name Description section

CHKDAT Check data ... .... 2.2
ERROR Error message output ..... 2.3, 3.4.3
SUBID StibProgram output identifier . NA

CHKDAT is onlv a Preliminarv data checking routine. More testing is done
throughout TROPO, ERROR being called when a warning is to he Printed or when a
fatal error has been found. ERROR writes oth to the user's terminal and the
error output file FOROO2.DAT, units LTERM and LERR. FOROO2.DAT is described in
section 3.4.3 of the User's Manual.

NOTE

In most cases the sections in the User's Manual describe the coded
eauations as well as the theorv behind them. NA denotes routines that
are Programiinq utilities such as finding indices, setting Pointers,
etc.

.

........................................ .- .. .
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3.7 UNITS

Subprogram nose: Subroutine UNITS

Purpose: Determine combination of measurement units reauested bw the
user. UNITS sets LUNITS to a unieue number for the combination of
distance (statute miles# nauitical miles, kiloseter;), height/diameter
(feet, meters)v angle (degrees, milliradians), and freauencq
(Gigahertz, Megahertz), LUNITS is uspd in suibrotutinps OUTDAT and
SUtIPAG to output data in the user's units and in UNITCV to convert
back and forth to MKS( units.

Calling seauence:
CALL UNITS

Contained in module: UNITS

Called bv? INDATA

Calls'. ERRIO

Input arguments:
NONE

Output arguments:
NONE

Global variables input from common.
DEG /UJNIT/ R*4 IODATA*INC

String 'dea I for units output.
FT /UNIT/ R*4 IODATA.INC

String 'ft I for units output.
6HZ /UNIT/ R$4 IODATA.INC

String '6Hz 'for units output.
KM1 /UNIT/ R*4 IIJDATA.INC

String 'km for units output.
LERR /LUNS/ 1*2 LUNS.INC

Error output unit.
MET /UNIT/ R*4 IODATA.IHC

String 'set 'for units output.
MHz /UNIT/ R*4 IODATA*INC

String 'M4Hz 'for units output.
IIRAONS /IJNIT/ R*4 IODATA.INC

String 'mrad' for units output.
NMI /UNIT/ R*4 IDDATA.INC

String 'nmi 'for units output.
SMI /UNIT/ R*4 IODATA.INC

String 'smi 'for units output.

Global variables output to common:
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antenna is aimed relative to the horizon. PSIREO(1)
is the main receive antenna.

PSITAO(NTMX) /ANTENN/ R*4 TROCONINC(
Arrav of transmitter beam azimuths in radians.

PSITEO(NTMX) /ANTENN/ R$4 TROCO.INC
Arraw of transmitter beam boresight elevations above 0
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSITEO(1)
is the main transmit antenna.

THER /PATHGE/ R*4 TROCOMoINC
Radio horizon elevation angle at receive site in
radians. 6

THET /PATHGE/ R$4 TROCOM.INC
Radio horizon elevation angle at transmit site in
radians.

THETAO /PATHGE/ R*4 TROCOM.INC
Scattering angle at bottom of common volume in
radians. 0

URH(NR) /PATHGE/ R*4 TROCOM.INC
Arrav of receive antennas horizontal offsets from
great circle Plane in meters.

URL(NR) /PATHGE/ R$4 TROCOM.INC
Arrav of receive antennas longitudinal offsets in
meters. 0

URV(NR) /PATHGE/ R*4 TROCOM.INC
Array of receive antennas vertical offsets in meters.

UTH(NT) /PATHGE/ R*4 TROCOM.INC
Arrav of transmit antennas horizontal offsets in
meters.

UTL(NT) /PATHGE/ R*4 TROCOM.INC S
Arrav of transmit antennas lonqitudinal offsets in
meters.

UTV(NT) /PATHGE/ R*4 TROCOM.INC
Arraw of transmit antennas vertical offsets in meters.

YI /PATHGE/ R*4 TROCOM.I(;
Maximum estimated integration length in Y-direction.

S o, .

• '. .' ..- .i i- ..i- -i l i- . .L .- - - , . . . i .i .i' - ,- . - .- '. ' -. - . . .,- , -- ..i i . .- " ' .- -. . .--i .' ". i'-S .
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HI(NPM(NOBS+I)) = Terrain elevation above sea
level at receive site (HRO).

In DTS, HI is used as work space. It is esuivalenced
to local arrays.

HL(3) /MCOM4/ R*4 MCOt.IMC
Array containing elevation of each obstacle above sea 0
level in meters. HL(l) is elevation of transmitter
radio horizon HLT. HL(NOBS) is elevation of receiver
radio horizon HLR.

HLAV(3) /MCO4/ R*4 MCOM.INC
Array containing average terrain elevation at each
diffraction Point in meters. 0

HLEF(3) /KCD4/ R*4 HCOM.INC
Array containing effective height of obstacles above
average terrain elevation in meters.

HLOW /PROPAR/ R$4 TROCUM.fNC
Lowest height above sea level at which CN2 is
specified in meters. 0

HLR /PATHGE/ R$4 TROCOM.INC
Receiver radio horizon elevation above sea level in
meters.

HLT /PATHGE/ R*4 TROCOM.INC
Transmit radio horizon elevation above sea level in
meters. 0

HRE /MCOM4/ R*4 MCON.INC
Effective receiver antenna height above average
terrain elevation in meters.

HRN /PATHGE/ R*4 TROCOM.INC
Receive antenna height above sea level in meters.

HTE /NCOM4/ R*4 NCOI.INC
Effective transmitter antenna height above average
terrain elevation in meters.

HTN /PATHGE/ R*4 TROCOM.INC
Transmit antenna height above sea level in meters.

PHDIV /MCOM4/ R*4 MCOM.INC
Souint angle between upper and lower receiver beams in 5
radians. Default is beamwidth.

PHI /PATHGE/ R$4 TROCDH.INC
Diffraction angle in radians.

PHIR /PATHGE/ R*4 TROCOH.INC
Receive angular distance to minimum scattering Point
in radians. 0

PHIT /PATHGE/ R$4 TROCOM.INC
Transmit angular distance to minimum scattering Point
in radians.

PSIRAO(NRHX) /ANTENN/ R$4 TROCOMINC
Array of receiver beam azimuths in radians.

PSIREO(NRMX) /ANTENN/ R*4 TROCOM.INC S
Array of receiver beam boresight elevations above
radio horizon in radians, t, angle at which each

S. -. .-.

.. ... ~~~~~~~..... . ." . . .... ... . .. . m. |" " ,,," -.. . . "'"". ". .••.
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DETAO /PATHGE/ R*4 TROCOM.INC
Minimoim receive antenna elevation angle measured from
receiver-to-transmitter line to receiver horizon line

in radians.
BETAl /PATHGE/ R*4 TROCOI1NC

Maximum receive antenna elevation angle measured from 0
receiver-to-transmitter line to top of common volume
in radians.

D /PATHGE/ R*4 TROCO.INC
Great circle distance between transmitter and receiver
measured at sea level in meters.

"ELH /PROPAR/ R*4 FROCHH.INC
Spacing of CN2 samples in meters.

[LL(3) /ICOM4/ R*4 MCOHt.INC
Arras containing distance from each obstacle to
transmitter in meters.

DLR /PATHGE/ R*4 TROCOMINC
Distance from receiver to radio horizon in meters.

DLT /PATHGE/ R*4 TROCO,INC
Distance from transmitter to radio horizon in meters.

DR /PATHGE/ R*4 TROCOI.INC
Receiver distance to minimum scattering Point in
meters.

DS(3) tMCOM4/ R*4 HCOM.INC
Arrav of effective obstacle extents along the great
circle Path in meters.

DT /PATHGE/ R*4 TROCOM.INC
Transmit antenna distance to minimum srattering Point
in meters.

F /SYSTRN/ R*4 TROCOH.1NC
Operating freeuenc in Hz. Model is accurate between
100hHz and lOGHz.

HCOM /PATHGE/ R*4 TROCOM.INC
Effective height of the bottom of the common volume in
meters.

HHIGH /PATHGE/ R*4 TROCOM,INC
Effective height of the top of the common volume in
meters.

HI(155) /MCOK4/ R*4 MCOM.INC
Arrav containing NPN(I) evenly-spaced terrain
elevation data (in meters) between transmitter and
first obstacle followed bh NPM(2) evenlv-spaced
terrain elevation data between first and second
obstacle, etc., ending with NPM(NOS+I) evenly-sPaced
terrain elevation data between last obstacle and
receive site. The data should be selected such that:

HI(I) = Terrain elevation above sea level at
transmit site (HTO). S

HI(NPM(I)) = HI (NPN(I)+I) - Elevation of Ith
obstacle above sea level (HL(I)).

-. .: :. .: -:: .: -:: : .. :-: ..,: .- .: ,:: .:. :: ,: .:: ,: .::.: .: , .:, :. :.-: .- .: :-.: .,- ..-, -- . .. ..- , - ., , .,. -.. ,,:. . :.
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Integer value that specifies the set of units
reeliested bw the user. These units are for Pathp
antenna location, angle, and freouencw Parameters.
Default is 8. The given units are defined bw bit
values of LUNITS:
Bit no. Meaning of value 0 / 1 
0 english / metric
I statute miles / nautical miles
2 feet / meters
3 mrad / degrees
4 GHz /MHz

Valid LUNITS values are
0 ? stat. miles - feet - milliradians - GHz
1 kilometers - meters - milliradians - 6Hz
2 ? naut. miles - feet - milliradians - 6Hz
8 : stat. miles - feet - degrees - 6Hz
9 : kilometers - meters - degrees - 6Hz
10: naut.miles - feet - degrees - 6HZ 0
16: stat. miles - feet - milliradians - MHz
17: kilometers - meters - milliradians - MHz
I: naut. miles - feet - milliradians - MHz
24: stat. miles - feet - degrees - MHz
25: kilometers - meters - degrees - MHz
26: naut. miles - feet - degrees - MHz

HR /SYSTRN/ 1*2 TROCOM.INC
Number of receive Ports.

NT /SYSTRN/ 152 TROCOM.INC
Number of transmit Ports.

Global variables output to common:
ALFAO /PATHGE/ R*4 TROCON.INC

Minimlim transmit antenna elevation antle measured from
transmitter-to-receiver line to transmit horizon line
in radians.

ALFAI /PATHGE/ R*4 TROCOM.INC
Maximum transmit antenna elevation angle measured from
transmitter-to-receiver line to top of common volume
in radians.

AR(NRHX) /ANTENN/ R*4 TROCOM.INC
Arraw of receiver antenna diameters in meters, AR(O)
is eauivalent to RDIAM in the input file.

AT(NTMX) /ANTENN/ R*4 JROCOH.INC
Arrav of transmitter antenna diameters in meters.
AT(1) is eojivalent to IDIAM in the input file.

AVERX /MCOM4/ R*4 MCOM.INC
Average terrain elevation above sea level between
receive site and radio horizon, in meters.

AVETX /MCOM4/ R*4 MCOM.IMC
Average terrain elevation above sea level between
transmit site and radio horizon, in meters.

<.~ : *- * . ** *.........
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3.6 UNITCV

Subprogram name: Subroutine UNITCV

Purpose: UNITCV converts data to MKS units if the argument is Positive
and converts from MKS units to input units (those reeuested bv the
user in the input file, TROPO.DAT) if the argument is negative. This
allows the user freedom to input in desired units and see the output
in the same units but still allow the Program to run with the units it
expects. MKS units are: meters for height, distance and elvation,
seconds for time, radians for angles, and Hz for the operating 0
freauencv. Bandwidths and data rates are not converted.

Calling seauence?
CALL UNITCV (IDIR)

Contained in module* UNITCV S

Called bq: IN[0ATA, SUMPAG

Calls' ERROR

Input arguments:
IDIR 1*2 Directive flag:

>0 Convert to MKS units.
<0 Convert to user's units'

Output arguments:
NONE

Global variables input from common?
CDEGR /CONSTA/ R$4 CONSTANTS.INC

Radians Per degree = 0.017453293.
CE3 /CONSTA/ R*4 CONSTANTS.INC

1 X 10**3 = 1000, S
CMTPFT /CONSTA/ R*4 CONSTANTS.INC

Meters Per foot = 0.3048.
CMTPMI /CONSTA/ R*4 CONSTAN'S.INC

Meters Per statute mile = 1609.344
CMTPNH /CONSTA/ R*4 CONSTAN'fS.INC

Meters Per nautical mile = 1852, 0
IDM /UNIT/ T*2 IODATA,INC

0 if degrees, I if milliradians.
IME /UNIT/ 1*2 IODATA.INC

0 if metric units, I if English.
IMG /UNIT/ 1*2 IODATA.INC

0 if MHz, I if 6Hz. _
INS /UNIT/ 1*2 IODAfA.INC

0 if nautical miles, I if statute miles.
LUNITS /UNIT/ 1*2 IODATA.INC

- 0:::-:.::::
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3.5 SECTOR

Subprogram name: Subroutine SECTOR

Purpose: Search for a section header.

Description: SECTOR searches for a section header in the input file
TROPO.DAT bv reading lines until the first four characters on the line
match the string Passed in Y.

Calling seeouence'.

CALL SECTOR (Y9 X)

Contained in module: INDATA

Called bg' INDATA

Calls:# ERRID

Input arguments:
y R*4 Word to search for.

Output arguments: *
X R*4 Word found.

Global variables inpeut from common.'
LERR /LUNS/ 1*2 LUNS-IMC

Error output unit.

Global variables output to common:
LIN /LUMS/ 1*2 LUNS.INC

TROPO.DAT inplit unit number.

. . . .. . .
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2 =Calculate reference horizon using HORANG
and K eauals ERFAC. (Assumsingl DIT and DLR
are non-zero.)

3 =Do not changle reference horizons from
Previous run. (Option not available.)
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characters.
UANGLE /UNIT/ R*4 IODATA.INC

Units of angle (deg, mrad).
UDIST /UNIT/ R*4 IODArA.INC

Units of distance (smi, nmi, ka).
UFREG /UNIT/ R*4 IODATA.INC

Units of freouencw (GHz, MHz).
UHITE /UOIT/ R*4 IODATA.INC

Uhtits of height and diameter (ft, m).
URH(NR) /PATHGE/ R*4 TROCOM.INC

Arrav of receive antennas horizontal offsets from
great circle Plane in meters. S

URL(NR) /PATHGE/ R*4 TROCOhINC
Arra4 of receive antennas longitudinal offsets in
meters.

URV(NR) /PATHGE/ R*4 TROCOM.INC
Arra4 of receive antennas vertical offsets in meters.

UTH(NT) /PATHGE/ R*4 TROCON,IMC
Array of transmit antennas horizontal offsets in
meters.

UTL(NT) /PATHGE/ R*4 TROCOH.INC
Arrao of transmit antennas longitudinal offsets in
meters.

UTV(NT) /PATHGE/ R*4 TROCOM*INC
Arrav of transmit antennas vertical offsets in meters.

WLT /SYSTRN/ R*4 TROCOI.INC
Rated transmission Power in Watts. Default is 1000 W.

XANG(10) /MCO4/ R*4 MCON.IN.C
Interferer azimuth angles in degrees. Default is 0.

Y900 /CURVE/ R*4 CURVEINC.
User supplied value for 90th Percentile variabilit-
curve YO(90) for DE greater than or eoual 900 km.
Used oniv when ICLIE is 2. Used to compute the
eeuation for the YO(90) curve fit.

YMIN /CURVE/ R*4 CURVEINC
User supplied value for 90th Percentile variabilitv
curve YO(90) for DE eaual to OEHIN. Used onlv when
ICLIME is 2. Used to compute the eauation for the
YO(90) curve fit.

Global variables output to common:
ITOFF /PROPAR/ 1*2 TROCOH.INC

Control indicator for entrv or calculation of
transmit/receive radio horizon angles THET and THER.
Values have following meanings:

0 = Use input THET, THER as reference and
actual horizon (default),

1 = Calculate reference horizon using HORANG
and K eouals 1.33. (Asstuming OLT and DLR
are non-zero.) (Option not available.)
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effective antenna heights (NTEY HRE) and effective -

obstacle heights above average terrain elevation
(HIEF).

0 = HTE and HRE supplied directly
I = AVETX and AVERX supplied
2 = HI(.) supplied -

PHDIV /MCOM4/ R*4 MCOH.INC
Souint angle between upper and lower receiver beams in
radians. Default is beamwidth.

PSIRAO(NRMX) /ANTENN/ R*4 TROCOh.INC
Array of receiver beam azimuths in radians. 0

PSIREO(NRMX) /ANTENN/ R*4 TROCOM.INC
Array of receiver beam boresight elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSIREO(1)
is the main receive antenna.

PSITAO(NTMX) /ANTENN/ R*4 TROC OINC
Array of transmitter beam azimuths in radians.

PSITEO(NTMX) /ANTENN/ R*4 TROCOM.INC
Array of transmitter beam boresight elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSITE(i(1)
is the main transmit antenna.

PXNIT /COM4/ R14 NCOI.INC
Rated transmission Power in d8m. Default is 70dBm.

RLL /SYSTRN/ R*4 TROC(iI.INC
Receiver line losses in d. Default is 0 d.'

SCPARN /PROPAR/ R*4 TROCON.INC
Wavenumber spectrum slope Parameter N. Default is
3.66.

SEAN /PROPAR/ R*4 TROCOtI.INC
Minimum monthly median of refractivity at sea level,
Used to calculate ERFAC if non-zero.

SNI /UNIT/ R*4 IODATA.INC
String 'smi ' for units output.

SP /NCOM4/ R$4 NCON.INC
Service Probability. Default is .95.

TAPW /MCOM4/ R*4 HCOH.INC
Normalized tapwidth for ND-918. Default is .5.
Range is 0.25 through 1.0

THER /PATHGE/ R*4 TROCON.INC
Radio horizon elevation angle at receive site in
radians.

THET /PATHGE/ R*4 TROCON.IN,
Radio horizon elevation angle at transmit site in
radians.

TLL /SYSTRN/ R*4 TROCDN.INC
Transmitter line losses in dR. Default is 0 dB. _

TODAY(9) /TSTAMP/ L*1 IODATA.IN:
Array used in PDP-it version to hold date as

- , - . -.
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MODPAT /MCOM2/ 1*2 MCOMoINC
Propagation/modem flag to select calculation mode.
Default is 1.

0 = Propagation only
I = Propagation + NO-918 modem
2 = Propagation + AN/TRC-170 or DAR modem
3 = Propagation + user-defined modem

MODSIG /MCOM2/ 1*2 HCOM.INC
Interference signal modulation format. Default is 1.

0 = Analog FOM / FM
I = Digital QPSK

HRADNS /UNIT/ R*4 IODATA.INC
String 'mrad' for units output.

RACCU /CONTRL/ 12 TROCOH.INC
Parameter used as truncation Point for common
volume integration termination, Default is 40.

NCLIME /ICOM2/ 1*2 WCOM.INC
Flat set to 1 if ICLITE eouals 2,

NERT /NCOM2/ 1*2 MCOM.INC
Bit error rate threshold indicator for yearly fade
outage Probability calculation. Default is 2.

0 = All three thresholds
I = For 10**(-3) only
2 = For 10**(-4) only
3 = For 10**(-5) only

NEWCL(4) /MCOM2/ 1*2 MCOM.lNC
New climate type character string.

NFIG /NCON4/ R*4 MCOMINC
Receiver noise figure in dB# Default is 4dB.

NNI /UNIT/ R*4 IODATAINC
String 'nmi ' for units output.

NOBS /NCOM2/ 1*2 MCOM.INC
Number of diffraction obstacles. Maximum is 39
default is 1.

NOW(8) /TSTAMP/ L*1 IODATA,INC
Array used in PDP-11/70 version to hold time of day as
characters.

NPM(5) /MCOM2/ 1*2 MCOMINC
Array containing number of terrain elevation data
Points for calculation of effective antenna heights
for each section of the diffraction Path.

NR /SYSTRN/ 1*2 TROCON.I.
Number of receive Ports.

NT /SYSTRN/ 1*2 TROCOM.INC
Number of transmit Ports.

NTAP /NCOM2/ 1*2 MCOM.IC
Number of adaptive forward eAuslizer taps (AFE) in
ND-918 modem. Set to 3 in INDATA.

NTERR /NCOM2/ 1*2 MCOM,]NC
Control Parameter for entry or calculation of

................... ......... .............L ~ll I "•. ... <., ,,", -?-° °.:,• -. .
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1 = Interferer covariance matrix calculation
done in subroutine JANCOM

KM /UNIT/ R94 LODATA.INC
String 'km ' for units output.

KPROF /PROPAR/ 1*2 TROCO.INC
Actual number of samples in height Profile of •
structure constant CN2. Limited to NPROF samples.

LISI /MCOM2/ 1*2 MCOM.INC
Number of future Intersvmbol Interference (ISI)
contributors considered in ND-918 Performance
calculation, Default is 2.

LNAME(20) /IODATA/ 1*2 IODATA.It4C
Link name. Transmitter site firsto receiver site
second. Used as link identifier on output files
FOROO2.DAT and SUNPAG.OUT.

LOUT /LUNS/ 1*2 LUNS.INC
FOROO2.DAT output unit number,

LUNITS /UNIT/ 1*2 IODATA.INC 0
Integer value that specifies the set of units
reauested bv the user. These units are for Path-
antenna location, angle, and freauenc Parameters,
Default is 8. The uiven units are defined bu bit
values of LUNITS:
Bit no. Meaning of value 0 /I
0 english / metric
1 statute miles / nautical miles
2 feet / meters
3 mrad / degrees
4 6Hz /MHz

Valid LUNITS values are S
0 : stat. miles - feet - milliradians - 6Hz
1 : kilometers - meters - milliradians - 6Hz
2 : naut. miles - feet - milliradians - 6Hz
8 : stat. miles - feet - degrees - 6Hz
9 kilometers - meters - degrees - 6Hz
10: naut.miles - feet - degrees - 6HZ S
16: stat, miles - feet - milliradians - MHz
17: kilometers - meters - milliradians - MHz
18: naut. miles - feet - milliradians - MHz
24: stat. miles - feet - degrees - MHz
25: kilometers - meters - degrees - MHz
26: nalit. miles - feet - degrees - MHz

MANG /HCOM2/ 1*2 MCOM.INC
Number of values of interferer azimuth/elevation Pairs
(JANG) for which outage calculations are to be made-
Default is 1,

MET /UNIT/ R*4 IODATA.IN-
String 'met ' for units output. _•

MHZ /UNIT/ R*4 IODATA.INC
String 'MHz for units output,
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Arrav containing average terrain elevation at each
diffraction Point in meters,

HLEF(3) /MCOM4/ R*4 tCOM,INC
Array containing effective height of obstacles above
average terrain elevation in meters.

HLOW /PROPAR/ R*4 TROCON.INC
Lowest height above sea level at which CN2 is
specified in meters.

HLR /PATHGE/ R*4 TROCOH.INC
Receiver radio horizon elevation above sea level in
meters.

HLT /PATHGE/ R*4 TROCOM.INC •
Transmit radio horizon elevation above sea level in
meters.

HRN /PATHGE/ R*4 TROCOM.INC
Receive antenna height above sea level in meters.

HTE /COM4/ R*4 MCOM.INC
Effective transmitter antenna height above average
terrain elevation in meters.

NTH /PATHGE/ R*4 TROCOH.INC
Transmit antenna height above sea level in meters.

IBR(NRMX,NRMX) /SYSTRN/ 1*2 TROCOM.INC
Channel complex-envelope correlation and
cross-correlation calculation indicator arrav.

0 = No calculation
1 = Power (correlation) calculation onl,
2 = Power (correlation) Per unit delay

spectrum calculation
IPW /MCO2/ 1*2 MCO.tINC

Switch indicating twpe of RF bandwidth constraint to
be used on desired signal. Default is 0.

0 = No RF filtering
1 = Filter determined from 99% bandwidth constraint
2 = Filter chosen to meet FCC Mask, (FCC-19311)
3 = Filters are user specified

ICLIKE /HCOH2/ 1*2 HCOMIINC
Climate class. Default. is 0.

0 = NPS TN-101 climate
1 = MIL-HDBK-417 climate
2 = New, user-supplied climate

* IPOLR(NRHX) /ANTENN/ 1*2 TROCO.INC
Array of receiver antenna Polarizations.

IPOLT(NTMX) /ANTENN/ 1*2 TROCOM.INC
Array of transmitter antenna Polarizations.

JFILT /HCOH2/ 1*2 NCOMOINC
Interference covariance matrix calculation indicator.
Onlv used when IBW eauals O, otherwise ignored.
Default is 0.

0 Interferer covariance matrix calculation
done in subroutine VoTAC

- - .
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Subroutine CHKDAT

4.1 CHKDAT

Subprogram name: Subroutine CHKDAT

Purpose' Performs a Preliminary check of the validity of the data read
from the input file TROPO.DAT. Arra boundsp Path summetrup and
validity of the specified correlations (through the arrav IBR) are
verified. Further checking is done throughout TROPO.

Calling seauence:
CALL CHKPAT

Contained in module: CHKDAT

Called by: TROPO

Calls: ERROR

Input arguments:
NONE

Output arguments:
NONE

Global variables input from common:
AR(NRMX) /ANTENN/ R*4 TROCOM.INC

Array of receiver antenna diameters in meters. AR(l)
is eauivalent to RDIAM in the input file.

AT(NTIX) /ANTEHN/ R$4 TROCOMoINC
Arra of transmitter antenna diameters in meters.
AT(l) is eeuivalent to TIAM in the input file.

IRR(NRMXNRMX) /SYSTRN/ 1*2 TROCOM.INC
Channel complex-envelope correlation and
cross-correlation calculation indicator arrav.

0 = No calculation
1 = Power (correlation) calculation only
2 = Power (correlation) Per unit delay

spectrum calculation
NR /SYSTRN/ 1*2 TROCOM.INC

Number of receive ports.
NRMX Parameter 1*2 TROPAR.INC

Maximum number of receive Ports.
NT /SYSTRN/ 1*2 TROCOM.INC

Number of transmit Ports.
NTMX Parameter 1*2 TROPAR.INC

Maximum number of transmit ports.
PSIRAO(NRMX) /ANTENN/ R*4 TROCOM.INC

Arrav of receiver beam azimuths in radians.
PSIREO(NRMX) /ANTENN/ R*4 TROCOMINC

Arraw of receiver beam boresight elevations above

* ". -.- -. : - --- : :-- .".- : .
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radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSIREO(M)
is the main receive antenna.

PSITAO(NTMX) /ANTENN/ R*4 TROCON.INC
Arrav of transmitter beam azimuths in radians.

PSITEO(NTHX) /ANTENN/ R$4 TROCH.INC
Arrav of transmitter beam boresight, elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSI1EO(1)
is the main transmit antenna.

URH(NR) /PATHGE/ R*4 TROCO.INC
Array of receive antennas horizontal offsets from
great circle Plane in meters.

URL(NR) /PATHGE/ R*4 TROCOh.INC
Arrav of receive antennas longitudinal offsets in
meters.

* URV(NR) /PATHGE/ R*4 TROCOh.INC
Arra4 of receive antennas vertical offsets 

in meters.

UTH(NT) /PATHGE/ R*4 TROCOI.INC
Arrav of transmit antennas horizontal offsets in
meters.

UTL(NT) /PATHGE/ R*4 TROCOM.INC
Array of transmit antennas longitudinal offsets in
meters.

UTV(NT) /PATHGE/ R*4 TROCO.INC
Arrav of transmit antennas vertical offsets in meters.

*0

- .. ' - - - ... - . - -.
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4.2 ERROR

Subprogram namet Subroutine ERROR

Purpose: Outputs error number and error message to terminal (unit
LTERM) and the output file FQROO2.DAT (unit LOUT).

Description: Checking for input errors is done throushout TROPO. When a
fatal error or data inconsistency is found, Processing transfers to
subroutine ERROR# host errors found are fatal so Processing branches
to line 500 to STOP after outputting the message; others are merelv
warnings and branch to 600 to return to the callint Program and
continue Processing,

The errors are divided in the source code bu calling routine so a
check of the code or FORMAT statements reveals in which routine the
error was encountered. .

Note that for all error 999s the calling Program has alreadu
Printed an error message to the output file FiROO)2.DAT before calling
ERROR.

Calling seauence:

CALL ERROR (I)

Contained in module: ERROR

Called bu: ANTPAR ATMOS CHANGE CHKDAT CLIME CLIMIL CLIMIX DEIND
LOOPS MATA MDIF MDfS ORDER RIPROF SIGIN SOTMAT SUMPAG
TRANSF TRCIN TRLOSS UNITCV UNITS

Calls# NONE

Input arguments:
I 1*2 Error number.

Output arguments:
NONE

Global variables input from common:
LOUT /LUNS/ 1*2 LUNSINC

FOROO2.DAT output unit number.

. . . .- . ....

. . . . . . . . . . . . . . . .. ,
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4.3 SUDID

*Subprogram name:' Subroutine SLIBID

Purpose' Subroutine to identifv blacks of outpiut or ooutptut variables bw
writing 'SNAME'q the subprogram Printing such output, to logical unitt
LOUT,

Calling seauence:
CALL SIJDID (SHANE)

Contained in module: SUBID

Called bv'

Calls:. NONE

Input arguments:

SHAMIE R*8 Name of subprogram to output.

* Output arguments:
NONE

Global variables input from common:
LOUT /LUNS/ 1*2 LIJNS,INC

FOR(0O2.DAT output unit number.

11mmimmS



CHAPTER 5

TROPOSCATTER CALCULATIONS

This section describes the tropospheric scatter calculation routines:

3 User's Manual .
Name Description section

ANTPAR Antenna Parameters ...... 2t5.2.1
ANTF'TR Antenna Pointers ....... NA
ATNOS Atmospheric absorption

calculations . . *..... 2.5.2o4
AVTER Average terrain height .. . . 2.5.4.7
BEAMPT Beam Pointers # # NA
DELO Delav # # # # # NA
ERFC Complimentarv error function . NA
FROSEP Freauenca separation . # & # # 2o5#6#3
GPATT Voltage gain Pattern # # . # & 2.5.2.1
HORANI3 Horizon elevation angles . . , NA
INTLIM Integration limits . # # # 2.5.2.2
LOOPS Main roijtine for common volume

integration ..... ... 2.5.6.1
LTCORR Long term variability

correction factor # # . 2#5.7
POWER Long term RSL and SNR

distribution s .... o 2.59 2.5*4.6
RGAIN Receive antenna voltage gain

Pattern .......... .2#5.2

RIPROF Structure constant Profile
calculation. # * , * t # , . . 2.5*,3

STEPAB Step size of alpha and beta . # NA
STEPY Step size of Y # # NA
STPPAR Stop size Parameters *..*.NA

TGAIN Transmit antenna voltage gin
pattern . 2.5.2

TRANSF Transform angles and distances 2.5.2# 2.5.2#2
TRLOSS Theoretical calculation of

basic Pathloss # 9 H A
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The main routines for this section are LOOPS and POWER. The troposcatter
calculations are described in section 2.5 of the User's Manual,

Figure 2-2 is a top level flowchart for troposcatter propagation Parameter -

calculations at a functional level. In most cases the blocks correspond to one - 0
or more subprograms, The test blocks (diamonds) correspond to logical branches
which are decided bv the user's choices of input data.

NOTE

In most cases the sections in the User's Manual describe the coded
eauations as well as the theorv behind them. NA denotes routines that
are Programming utilities such as finding indices, setting Pointers,
etc.

,S

S. ..

S
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Subroutine ANTPAR

5.1 ANTPAR

Subprogram name: Subroutine ANTPAR

Purpose: For NPORT>O ANTPAR returns the gain in d8 of transmit antenna
number NPORT and the 3dB haif-beamwidth in radians, For NPORT(O the
values are for receive beam number -NPORT.

Calling seauerice:
CALL At4TPAR (NPORTPGDBPDEL)

0
Contained in module: ANTPAR

Called bv: TROPO

calls: ERROR

Input arguments:
NPORT 1*2 Antenna number.

Output arguments:*
6DB R*4 Gain of reauested antenna in db.
DEL R*4 3dB half-beamwidth in radians.

Global variables input from common:
AR(NRMX) /ANTENN/ R*4 TROCUM*INC

Arrav of receiver antenna diameters in meters. AR(l)
is eauivalent to RDIAM in the input file.

AT(HTHX) /ANTENN/ R*4 TROCOM.lNC
Arrav of transmitter antenna diameters in meters.
AT(1) is eauivalent to TDZAM in the input file.

NRMX Parameter 1*2 TROPAR.INC
Maximum number of receive Ports.

NTMX Parameter 1*2 TROPAR.INC
Maximum number of transmit Ports.

WAVLEN /SYSTRN/ R*4 TROCOM.INC
Wavelength in meters. .--
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5.2 ANTPTR

Subprogram flame? Subroutine ANTPTR

Purpose: Set tip Pointers to distinct antenna locations to avoid

duplication at operations in the critical Parts of LOOPS.

Calling seauence:
CALL ANTPTR (NPORTSP UH, UVt UL9 MANTP LOC)

Contained in module? ANTPTR

Called W. LOOPSP SUNPAG

Callso NONE

Input arguments:
NPORTS 1*2 Number of transmit or receive Ports.
UH(NPORTS) R*4 Horizontal offsets of antennas.
UV(NPORTS) R*4 Vertical offsets of antennas.
tL(NPORTS) R*4 Longitudinal offsets of antennas.

Output arguments?'
NANT 1*2 Number of distinct antenna locations.
LDC(NPDRTS) 1*2 Pointers to location of antenna.
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5*3 ATMOS

Subprogram name: Subroutine ATHOS

Purpose: Calculate atmospheric attenuation AA in dB for a troposcatter/
diffraction Path of length D in meters at freauencv F in Hz. D oust be
less then 500 km and F mist be less than 35 6Hz.

Calling sesuence'
CALL ATHOS

Contained in module: ATHOS

Called bv? TROPO

Calls: ERROR

Input argumentso'
NONE

Output arguments?
NONE

Global variables input fram common?
D /PATHGE/ R*4 TROCOM*INC

Great circle distance between transmitter and receiver
measured at sea level in meters.

F /SYSTRN/ R*4 TROCOH.INC
Operating freouencv in Hz. Model is accurate betweenS
100MHz and 1('G~z.

Global variables output to common?
AA /PROPAR/ R*4 TROC0M,INC

Atmospheric absorption loss in dB.
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5.4 AVTER

Subprogram name:* Subroutine AVTER

Purpose: Routine to calculate average terrain height above sea level at
TWO terminal Points 1 and 2 given NP evenly spaced terrain elevation
data Points between them bu fitting a straisht line to terrain data.

Calling seauence:
CALL AVTER (H1AVPH2AVvHIqN',XOqX20I1)

Contained in module: AVTER

Called bu: DIFSNRq POWER

calls: NONE

Input arguments:
HI(NP) R*4 Arrav of NP evenlu spaced terrain elevations in meters

above sea level.
NP 1*2 Number of date Points used to calculate average

heights.
X0 R*4 Distance ot first terrain height data Point from

terminal Point I in meters.
X20 Rt4 Distance of last terrain height Point fro& terminal

1 in meters.
D R*4 Distance between terminal Points 1 and 2 in meters.

Output arguiments:
HIAV R*4 Average terrain height at terminal 1 in meters.
H2AV R*4 Average terrain height at terminal 2 in meters.

"iewS
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5.5 BEAMPT

Subprogram name: Subroutine BEANPT

Purpose: Set up Pointers to distinct receive antenna beams to avoid - S

duplication of operations in the critical Parts of LOOPS. The
Pointers are used in LOOPS to calculate angle diversitv correlations
for a troposcatter receiver.

Callin seauence!

CALL BEAMPT (NPORTS, PSIE, PSIA, NBEAM, IBEAN, JBEAM) 0

Contained in module: BEAMPT

Called bw: LOOPS

Calls: NONE S

Input arguments'#
NPORTS 1*2 Number of transmit or receive Ports.
PSIE(NPORTS) R*4 Beam boresight elevations above radio horizon.
PSIA(NPORTS) R*4 Beam azimuths.

Output arguments:
NBEAM 1*2 Number of distinct beams.
IBEAM(NPORTS) 1*2 Pointers to antenna Ports from heam number.

IBEAM(I) identifies the lowest numbered Port
with antenna Pattern number 1.

JBEAM(NPORTS) 1*2 Pointers to beam number from antenna Port. S
JBEAM(1) is the antenna Pattern of antenna
Port number I.

-h-7
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5.6 DELO

Subprogram name: Subroutine DELO

Purpose: Calculates the delay, relative to D(, from the transmitter to
a scattering Point to the receiver. The scattering Point is
characterized bv ALFA, BETA, and DC. This delay value is used in the
LOOPS integration for the calculation of the delav Profile.

Calling seouence:
CALL DELO (ALFA, BETA, DC, D EL)

Contained in module' DELO

Called bg: LOOPS

Calls: NONE

Input arguments:
ALFA R*4 Angle between the transmitter-receiver line and the

transmitter-scatterer line in radians.
BETA R*4 Argle between the receiver-transmitter line and the

receiver-scatterer line in radians.
DC R$4 Delav between transmitter and receiver (straight line,

free space) in seconds.

Output arguments:
DEL R*4 Transmitter-scatter-receiver delav less the miminum

delau DC in seconds.

~ -:-..:-..-
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5.7 ERFC

Subprogram name: Function ERFC

Purpose: Complimentarv error function approximation.

Reference' Abramowitz and Stegun, Handbook of Mathematical Functions,

1968, P. 299, 7.1.26.

Calling seouence.

ERFC (XXLIMIT) 0

Contained in module: ERFC

Called bv: CLINIX DTFSNR PAVERG POUTAG POWER

Calls: NONE

Input arguments:

X R*4 Lower limit on integration.
XLINIT R*4 Cut-off limit on argument beyond

which the function value is zero.

Output arguments:
ERFC R$4 Comlimentarv error function approximation.

,- .
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5.14 POWER

SubProgram name: Subroutine POWER

Purpose: Calculates the loni term RSL distribution of the troposc'.3tter
signal for the specified climate tvpe. It also calculates and Prints
out the long term distribution of the SNR Per diversitv branch for a
desired service Probability.

Calling seouence:

CALL POWER (JPOWASEPTAU22,TAU23,RHI,E.OSS,ASNR,F4WT,BWR, PTYFE)

Contained in module: POWER

Called bv: TROPO

Calls: AVTER CLIME CLIMIL CLIMIX FRFC •

Input arguments:
JPOW R*8 Interf-rernce signal power der,sity in dBm/Hz.
ASEP IR*4 Separation between receive antenr,as in meters.
PTYPE 1*2 Variable uhich indicates whether Propagation

mechanism is Pure troroscatter (0 or 10) or mi>,ed
troposcatter-diffraction (I or 11).

BWT R*4 Transmit antenna beamwidth in degrees.
BWR R*4 Receive anternna beamwidt.h in de-rees.

Output arguments:
ELOSS R*8 Upper beam seuint loss for scatter component jr) d)* or

sidelobe loss for interference. 0
7AU22 R*8 Delay spread on lower beam in r,sec,
TAU23 R*8 Delaw spread on upper beam in nsec.
RHI R*8 Correlation coeffiecient between lower and upper beam.
ASNR k*4 Median and/or vearly average value of troPoscatter

signal SNR in dB.

Global variables input from common'
AA /PROPAR/ R*4 TROCOM.INC

Atmospheric absorption loss in dB.
ALFAO /PATHGE/ R*4 TPOCOMINC

Minimum transmit antenna elevation angle measured from
transmitter-to-receiver line to transmit horizon line 0
in radians,

BETAO /PATHGE/ R*4 TROCOM.INC
Minimum receive antenna elevation angle measured from
receiver-to-transmitter lire to receiver horizon line
in radians,

BW /SYSTRH/ R$4 TROCOM.INC
Bandwidth in Hertz. Default is 7 MHz.

C /PDATA/ R*4 PDATA.INC

" - . ".- . -

.., -i
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Error output unit.
PHDIV /MCOH4/ R*4 MCOM.INC

Souint angle between upper and lower receiver beams in -

radians. Default is beamwidth.
THER /PATHGE/ R*4 TROCOMINC 0

Radio horizon elevation angle at receive site in
radians.

THETAO /PATHGE/ R*4 TROCOM.INC
Scattering angle at bottom of common volume in
radians.

Global variables output to common:
CORRLT /CPLOSS/ R*4 CPL.INC

Correlation coefficient for long term variabilitv of
lower and upper beams.

S

2S
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5.13 LTCORR

Subprogram name: Subroutine LTCORR

Purpose: Computes correction factor for SNR due to decorrelation of S
long term variability between upper and lower beams, (Angle diversitv
only.)

Calling seouence:
CALL LTCORR (CORFAC)

Contained in module: LTCORR

Called by: TROPO

Calls: NONE

Input arguments:
NONE

Output arguments:
CORFAC R*4 Correction factor computed bw LT'CORR, CORFAC is used

in subroutine BER(AL to scale SFSNR mujltiplicativply
when angle diversitw is used,

Global variables input from common:
A /PATHGE/ R*4 TROCOM.INC

Effective earth radius in meters.
ALFAO /PATHGE/ R*4 TROCOMINC 0

Minimum transmit antenna elevation argle measured from
transmitter-to-receiver line to transmit horizon line
in radians.

D /PATHGE/ R*4 TROCOM.INC
Great circle distance between transmitter and receiver
measured at sea level in meters. 0

DIVTYP /MCOM2/ 1*2 MCOM.INC
Diversitv configuration indicator. Default is 0.
0 = 2 receive antennas; 2S 2S/2F 2S/2A 2S/2A/2F
1 = 1 receive antenna; 2A ?F 2F/2A
2 = 2 transmit,

2 receive antennas; 2S/2P 2S/2P/2A
3 = Not used
4 = User supplied Parameters
S = Space F = Freatiencv A = Angle P = Polarization

HCOM /PATHGE/ R*4 TROCOM.INC
Effective height of the bottom of the common volume in
meters.

HRN /PATHGE/ R*4 TROCOM.INC
Receive antenna height above sea level in meters,

LERR /LUNS/ 1*2 LUNS.INC

€-'--- .... ......J ---' -' = a ar--am '=l~l ....... . ..-. .
"
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Q(.,7) Power on diffraction Path vs. delaw
For DIVTYP = 1-

0(.,1) Power on lower beam vs. delay.
Q(.,2) Correlation between lower and

upper beam vs. delaw.
Q(.,3) Power on upper beam vs. delav
Q(.,7) Power on diffraction Path vs. delay.

For DIVTYP = 2:
Q(.,1) Power on Path I (lower beam) vs. delay.
0(.,2) Correlation between convergent Paths

(lower beam) vs. delay. 0
(.3) Correlation between divergent Paths

(lower beam) vs. delay.
Q(.,4) Correlation between Parallel Paths

(lower beam) vs. delay.
O(.,5) Correlation betweern crossing Paths

(lower beam) vs. delay. 0
G(.,6) Power on Path of upper ben vs. delay.
0(.97) Power on diffraction Path vs. delay.

OCORR(NCORHX) /PDATA/ R*4 POATA,INC
Contains elements of covariance matriy, ic, Powers rid

correlations.
For DIVTYP = 0:

OCORR(1) Power on lower beam
OCORR(2) Correlation coefficient between lower

and upper beam.
OCORR(3) Correlation coefficient between lower

beams of antennas I and 2

OCORR(4) Power on uoPer beam,.
For DIUTYP 1:

QCORR(1) Power on lower beam
QCORR(2) Correlation coefficient between lower

and upper beam.

QCORR(3) Power on upper beam.
For DIVTYP = 2:

QCORR(1) Power on Path 1 (lower beam)
QCORR(2) Correlation coefficient between convergent

Paths.
OCORR(3) Correlation coefficient between divergent

Paths.
QCORR(4) Correlation coefficient between Para]lel

Paths.
GCORR(5) Correlation coefficient between crossing

Paths.
GCORR(6) Power on upper beam.

TEMPA(NCORMX) /PDArA/ R*4 PDATA.INC
Arrav of average troposcatter signal delags for each
beam relative to straight line in seconds.

. . ..•.:- - : : : : :- . " .:2 :.: -:: ::::: : : : .: :,:-.::: :::-::: -::i :. -: , ::::::: :::.:..2 : :.:: : .
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C /PDATA/ R*4 PDATAIN;
ProPortionality constant in troPoscatter Path loss
calculation.

DELPB /PDATA/ R*4 PDATA.INC
Resolution of a delay cell in seconds,

FSEP /PDATA/ R*4 PDATA.INC
Freouencu separation for uncorrelated freauence
diversity in Hz,

HCOM /PATHGE/ R*4 TROCOM.INC
Effective height of the bottom of the common volume in
meters. S

I1CORR(NCORMX) /PDATA/ 1*2 PDATA.INC
Array of receiving beams involved in the correlation
calculations.

12CORR(NCORMX) /PDATA/ 1*2 PDATAINC
Array of receiving beams involved in the correlation
calculations, 

IBLOSS(6) /CPLOSS/ 1*2 CPL.TNC
Beam number corresponding to CPL(I).

ICPL /CPLOSS/ 1*2 CPL.•NC
Coupling loss count.

INEG /PDATA/ 1*2 PDATA,INC
Number of negative delay cells encountered in S
troposcatter integration. It is an error if INEG > 0.

IPOS /PDATA/ 1*2 PDATAINC
Number of delay cells exceeding the last allocated
array element, This number should be zero or small.
IPOS > 0 is not a serious error unless the delay
Profile calculated has a clear Peak in the last delay S
cell#

IPROF(NCORMX) /PDATA/ 1*2 PDATA.INC
0 if the Ith correlation not wanted, 1 if wanted.

ITER /PDATA/ 1*4 PDATA.INC
Number of integration cells in the common volume
integration. S

NCORR /PDArA/ 1*2 PDATA,INC
Number of receive Port correlations,

PLOSSH /PDATA/ R*4 PDATA.INC
Troposcatter Path loss from approximate analytic
exPression.

Q(NDELMX,NCORMX) /PDATA/ R*4 PDATA.INC
Matrix of troPoscatter signal Power and correlation
Per unit delay Profiles,
For DIVTYP = 0:

Q(.,1) Power on lower beam vs. delay.
Q(.,2) Correlation between lower and

upper beam vs, delay.
Q(.F3) Correlation between lower beams

in antennas 1 9 2 vs. delay,
D(.,4) Power on upper beam vs. delay.

SLTT ?
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Number of receive Ports# " -. "-
NT /SYSTRN/ 1*2 TROCI,INC

Number of transmit Ports.
PSIRAO(NRMX) /ANTENN/ R*4 [ROCOMINC

Arras of receiver beam azimuths in radians.
PSIREO(NRMX) /ANTENN/ R*4 TROCOM.INC

Arras of receiver beam boresight elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSIREO()
is the main receive antenna.

PSITAO(NTNX) /ANTENN/ R*4 TROCON.INC
Arras of transmitter beam azimuths in radians.

PSITEO(NTNX) /ANTENN/ R*4 TROCOM.INC
Arrav of transmitter beam boresisht elevations above
radio horizon in radians, me, angle at which each
antenna is aimed relative to the horizon. PSITEO(1)

is the main transmit antenna.
SCPARM /PROPAR/ R*4 TROCOM.INC

Wavenumber spectrum slope Parameter M. Default is
3.66.

THET /PATHGE/ R$4 TROCOH.INC
Radio horizon elevation angle at transmit site in
radians.

THETAO /PATHGE/ R*4 TROCO.INC
Scattering angle at bottom of common volume in
radians,

TWOPI /CONSTA/ R*4 CONSTANTS.INC
2 X Pi = 6.283185307.

URH(NR) /PATHGE/ R*4 TROCON.INC
Array of receive antennas horizontal offsets from
great circle Plane in meters.

URL(NR) /PATHGE/ R*4 TROCOh.INC
Arrav of receive antennas longitudinal offsets in
meters.

URV(NR) /PATHGE/ R*4 TROCOM.INC
Array of receive antennas vertical offsets in meters.

UTH(NT) /PATHGE/ R*4 TROCOM.INC
Arraw of transmit antennas horizontal offsets in
meters,

UTL(NT) /PATHGE/ R*4 TROCOM.INC
Arraw of transmit antennas longitudinal offsets in
meters.

UTV(NT) /PATHGE/ R*4 TROCOM.INC
Array of transmit antennas vertical offsets in meters,

WAVLEN /SYSTRN/ R*4 TROCOM.INC
Wavelength in meters.

YI /PATHGE/ R*4 TROCON.IN(;
haximum estimated integration lenath in Y-direction.

Global variables output to common:

:':'':""]" .. . . ...... '' "" - "'-""""I ""• 
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Arrav of receiver antenna diameters in meters. AR(1)
is eoiuivalent to RDIAM in the input file.

BETAO /PATHGE/ R*4 TROCOM.INC
Minimum receive antenna elevation angle measured from
receiver-to-transmitter line to receiver horizon line-
in radians.

BETAI /PATHGE/ R*4 TROCDM.INC
Maximus receive antenna elevation angle measured from
receiver-to-transmitter line to top of common volume
in radians.

BW /SYSTRN/ R*4 TROCDM.INC0
bandwidth in Hertz, Default is 7 MHz.

CO0 /CDNSTA/ R*4 CDNSTANTS.INC
Free space velocitv of radio waves = 2.998FO in/sec.

D /PATHGE/ R*4 TROCDM.INC
Great circle distance between transmitter and receiver
measured at sea level in meters.S

DELREF /PDATA/ R*4 PDATA.INC
Minimum delaw through the lowest scattering Point
(relative to straight line delay) in seconds.

ERR /CONTROL/ R*4 TROCOM.INC
Common volume integration resolution. Default is .001.

HLOW 1PROPAR/ R*4 TROCUi.IN;
Lowest height above sea level at which CN2 is
specified in meters.

HTN /PATHGE/ R*4 TROCOM1INC
Transmit antenna height above sea level in meters.

IBR(NRMXPNRMX) /SYSTRN/ 1*2 TROCOM.INC
Channel complex-envelope correlation andS
cross-correlation calculation indicator arrav.

0 = No calculation
1 - Power (correlation) calculation onlv
2 = Power (correlation) Per unit delav

spectrum calculation
IPOL-R(NRMX) /ANTENN/ 1*2 TROCOM.INC

Arrev of receiver antenna Polarizations.
IPOLT(NTMX) /ANTENN/ 1*2 TROCOM.INC

Array of transmitter antenna Polarizations.
KPROF /PROPAR/ 1*2 TROCEJM.INC

Actual number of samples in height Profile of
structure constant CN2. Limited to NPROF samples.S

NACCU /CONTRL/ 1*2 TROCOM*INC
Parameter used as truncation Point for common
volume integration termination. Default is 40,

NCORMX Parameter 1*2 TROPAR.INC
Maximum number of correlations between receive ports.

NDELMX Parameter 1*2 TROPAR.INCS
Maximus number of delav bins in troposcatter Power Per
unit delav Profiles.

NR /SYSTRN/ 1*2 TROCOMINC

. 11mi
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5.12 LOOPS

Subprogram name: Subroutine LOOPS

Purpose: This is the kev routine Performing the integration over the
common volume to calculate received Power vs. delaq at all specified 0
antenna Ports and the convoluitions between antenna Ports vs. delaw at
all specified antenna Ports.

Description: A certain amount of the code is keeping track of which
antenna locations are different, ei, space diversit; which antenna
beams Point differently, ie, angle diversitw; which correlations
involve space-, angle-, or Polarization diversity. The number of
correlations is NCORR, and for each correlation, ICORR, the arraws
IICORR and 12CORR Point to the receiving Ports involved in the
integration of correlation number ICORR. An analytical Path loss
estimate, PLOSSM, is evaluated. Power levels and correlation
coefficients are stored in the arraw GCORR# Average delaw
(normalized) and delau spread are in the arravs TEMPA and TEMPB. The
freouenc separation which corresponds to a freouenc correlation
coefficient of .5 is evaluated.

Calling seouence:

CALL LOOPS

Contained in module: LOOPS

Called by: TR'u" ,

Calls: ANTPTR, BEARPTP DELO, ERROR, FROSEP, RGAIN, RIPROF, SINT,

STEPAP, STEPYY STPPARP TGATH, TRLOSS

Input arguments:
NONE -

Output arguments: 
0

NONE

Global variables input from common:
A /PATHOE/ R*4 TROCOM.INC

Effective earth radius in meters.
ALFAO /PATHGE/ R$4 TROCOM.INC

Hinimum transmit antenna elevation angle measured from
transmitter-to-receiver line to transmit horizon line
in radians.

ALFAI /PATHGE/ R*4 TROCOtI.INC
Haximus transmit antenna elevation angle measured from
transmitter-to-receiver line to top of common volume
in radians.

AR(NRHX) /ANTENN/ R*4 TROCOH.INC

S

. , - .J
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Diffraction angle in radians,
Y1 /PATHGE/ R*4 TROCOM.INC

Mtaximum estimated integration length in Y-direction.
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* S

ERR /CONTROL/ R*4 TRDCOMINC

Common volume integration resolution, Default is .001,
HRN /PATHGE/ R*4 TROCOMINC

Receive antenna height above sea level in meters.
HTN /PATHGE/ R*4 TROCOM.INC

Transmit antenna height above sea level in meters. S
NR /SYSTRN/ 1*2 TROCONINC

Number of receive Ports.
NT /SYSTRN/ 1*2 TROCOMINC

Number of transmit Ports.
PSIRAO(NRMX) /ANTENN/ R*4 TROCOM.INC

Arrav of receiver beam azimuths in radians. 
PSIREO(NRMX) /ANTENN/ R$4 TROCOH.INC

Arrav of receiver beam boresight elevations above
radio horizon in radians, me, angle at which each
antenna is aimed relative to the horizon* PSIREO(1)
is the main receive antenna.

PSITAO(NTMX) /ANTENN/ R*4 TROCOMINC
Arrav of transmitter beam azimuths in radians.

PSITEO(NTHX) /ANTENN/ R*4 TROCOH,INC
Array of transmitter beam boresight elevations above
radio horizon in radians, me, angle at which each
antenna is aimed relative to the horizon, PSITEO(1)
is the main transmit antenna.

SCPARj IPROPAR/ R*4 TROCO.INC
Wavenumber spectrum slope Parameter H. Default is
3.66.

THER /PATHGE/ R*4 TROCOM.INC
Radio horizon elevation angle at receive site in
radians.

THET /PATHGE/ R*4 TROCOM.INC
Radio horizon elevation angle at transmit site in
radians.

THETAO /PATHGE/ R*4 TROCOMINC
Scattering angle at bottom of common volume in
radians.

Global variables output to common*#
ALFAI /PATHGE/ R*4 TROCOMINC

Maximum transmit antenna elevation angle measured from
transmitter-to-receiver line to top of common volume
in radians.

BETA1 /PATHGE/ R*4 TROCOMINC
Maximum receive antenna elevation angle measured from
receiver-to-transmitter line to top of common volume
in radians.

HIGH /PATHGE/ R*4 TROCDM,INC
Effective height of the top of the common volume in - 7
meters.

PHI /PATHGE/ R*4 TROCOMINC

......... .........- .. ........ .,......-..... ....... . . . ... ............ . .-.. ,.
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5.11 INTLIM

Subprogram name: Subroutine INTLIK

Purpose: Calculates the limits of common volume integration. -

Calculates the maximum value, ALFA1, of the angle AIFA, the maximum
value, BETAI, of the angle BETA, the maximum height of the common
volume, HHIGH, and the maximum value Y1 of the Y coordinate
(perpendicular to the great circle Plane.)

Calling seouence:

CALL INTLIM

Contained in module: INTLIM

Called bv: TROPO

Calls* NONE

Input arguments:
NONE

Output arguments: S
NONE

Global variables input from common:
A /PATHGE/ R*4 TROCOM.INC

Effective earth radius in meters.
ALFAO /PATHGE/ R*4 TROC)H.INC •

hinimum transmit antenna elevation angle measured from
transmitter-to-receiver line to transmit horizon line
in radians.

BETAO /PATHQE/ R*4 TROCOM.INC
Minimum receive antenna elevation angle measured from
receiver-to-transmitter line to receiver horizon line S
in radians.

D /PATHGE/ R$4 TROCOH.INC
Great circle distance between transmitter and receiver
measured at sea level in meters.

DELTAR(NRMX) /ANTENN/ R*4 TROCOM.INC
* 3dB half-beamwidth of each receive antenna in radians. S

DELTAT(NTHX) /ANTENN/ R*4 TROCON.INC
3dB half-beamwidth of each transmit antenna in
radians.

DR /PATHGE/ R*4 TROCOM.INC
Receiver distance to minimum scattering Point in
meters. 

DT /PATHGE/ R*4 TROCOM.INC
Transmit antenna distance to minimum scattering Point
in meters.

.. ..... . . . . . . .7
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5.10 HORANG

Subprogram name$' Subroutine HORANG

Purpose: Compute horizon elevation angle from given horizon distance
and height.

Calling seauence.
CALL HORANG (Ay D9 Hy T)

Contained in module: HORANG

Called bu: TANGLY TRANSF

calls: NONE

*Input arguments:
A R*4 Radius of the earth Plus height of the antenna in

meters,
D R*4 Horizon distance in meters.
H R*4 Horizon height above the antenna height in meters.

Output arguments#*S
T R*4 Horizon elevation angle (position above grazing) in

radi ans,
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5.9 OPATT

Subprogram name: Subroutine GPATT

Purpose' Voltase directional Pattern twpe 2J1() X. Calculates the
voltage gain Pattern up to and including the first sidelobe using the
formula:

6 = 2 * JIMX / X9
Whe re:

X is PI * AfD * SJN(PSI) / WAYLEN
.4 ~AD is the antenna diameter

PSI is the angle
To use other antenna Patterns, GPAT1 saw be replaced bu other
subroutines in RGATH and TGAIN.

Calling seauence:
* CALL GPATI (ADP WAVLEN9 PSIP Y)

Contained in module: I3PATT

Called by?. RGAINY TGAIN

Calls: NONE

Input arguments:
*AD R*4 Antenna diameter in meters.

WAVLEN R*4 Wavelength in meters.
PSI R*4 Off-boresight angle in radians.

Outptut arguments*.
Y R*4 Relative voltage gain at off-boresight angle PSI.

Global variables input from common:
PI /CONSTA/ R*4 CONSTANTS.INC

Constant Pi =3.141592654.
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5.8 FRQSEP

Subprogram name: Subroutine FROSEP

Purpose: Compute minimum freauencv separation reouired for uncorrelated
fresuenc diversitu operation.

Calling seauence:
CALL FROSEP (N, Q, DELPBY Bb, FSEP)

Contained in module: FROSEP

Called bv: LOOPS

Calls* NONE

* Input arguments:
N 1*2 Number of Points in DFT.
0(N) R*4 Power Per unit delav Profile.
DELPB R*4 Delav interval in seconds.
BU R*4 Signal bandwidth in Hz.
FSEP R*4 Estimate of coherance bandwidth in Hz.

Output arguments:
FSEP R*4 Minimum freouenc separation in Hz.

p* ... ."
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Proportionalitv constant, in troFoscatter Path loss
calculation.

CO /CONSTA/ R*4 CONSTANTS*INC
Free space velocity of radio waves = 2.998F8 r/sec.

CORRLT /CPLOSS/ R*4 CPL.INC
Correlation coefficient for long term variability of
lower and upper beams.

CPL(6) /CPLOSS/ R*4 CPI.,INC
Aperture-to-medium coueling loss arrav in dR,

D /PATHGE/ R*4 TROCOMINC
Great circle distance between transmitter and receiver
measured at sea level in meters.

DELPB /PDATA/ R*4 PDATAINC
Resolution of a delay cell in seconds.

DELREF /PDATA/ R*4 PDATAINC
Minimum delay through the lowest scattering Point

* (relative to straight line delay) in seconds.
DELTAR(NRMX) /ANTENN/ R*4 TROCOM.INC

3dB half-beamwidth of each receive antenna in radians.
DELTAT(NTMX) /ANTENN/ R*4 TROCOH.INC

3dB half-beamwidth of each transmit antenna in
radians.

DIVTYP /MCOM2/ 1*2 MCOM.INC
Diversitv configuration indicator. Default is 0.

0 = 2 receive antennas; 2S 2S/2F 2S/2A ^S/2A/2F
I = 1 receive antenna; 2A 2F 2F/2A
2 = 2 transmit,

2 receive antennas; 2S/2P 2S/2P/2A
3 = Not used
4 = User supplied Parameters
S = Space F = Freajency A = Angle P = Polarization

DLR /PATHGE/ R*4 TROCDM.INC
Distance from receiver to radio horizon in meters.

DLT /PATHGE/ R*4 TROCOM.INC
Distance from transmitter to radio horizon in meters.

DRATE /MCOM4/ R*4 MCOM.INC
Data rate in bits/second. Default is 6.6E6.

ERFAC /PROPAR/ R*4 TROCOM.INC
Yearlv median value of effective earth radius factor k
in kilometers. Default is 1.33.

F /SYSTRN/ R*4 TROCOM.INC
Operating freouencv in Hz. Model is accura+.e between
100MHz and 10GHz.

GRDB(NRMX) /ANTENN/ R*4 TROCOM.INC
Gain of each receive antenna in dBi.

GTDB(NTMX) /ANTENN/ R*4 TROCOM.INC
Gain of each transmit antenna in dBi.

HI(155) /MCOM4/ R*4 MCOM.INC
Array containing NPM(1) evenly-spaced terrain
elevation data (in meters) between transmitter and
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first obstacle followed bv NPM(2) evenlv-seaced
terrain elevation data between first and second
obstacle, etc., ending with NPM(NOBS+1) evenlv~-spaced
terrain elevation data between last obstacle and
receive site. The data should be selected such that: 0

HI(1) = Terrain elevation above sea level at
transmit site (HTO).

HI(NPM(I)) = HI (NPM(T)fl) = Elevation of Ith
obstacle above sea level (HL(I)).

HI(NPM(NOBS+1)) = Terrain elevation above? sea
t level at receive site (HRO).

In MDTSF HI is uised as work space. I~t is eauivalericed
to local arraws,

HRN /PATHGE/ R*4 TROCOM.INC
Receive antenna height above sea level in meters.

HTN /PATHGE/ R*4 TROCOM.INC
S Transmit antenna height above sea level in meters.

IBLOSS(6) /CPLOSS/ 1*2 CPL.INC
Beam number corresponding to CFL(I).

ICPL /CPLOSS/ 1*2 CPL.INC
Coupling loss count.

ITER /PDATA/ 1*4 PDATA.INC
Ntember of integration cells in the common volume0
integration.

KLIMAT /PROPAR/ 1*2 TROC0M.INC
Climate zone indicator. Default is 0.

0 = User supplied climate
NBS TNi01 climates

1 = Continental temperate (CT) S
2 = Maritime temperate overland (MTL)
3 = Maritime temperate oversea (MTS)
4 =Maritime subtropical overland (MSL)
5 = Continental temperate time block 2 (CT2)

(winter afternoon hours) - formerlv
Maritime subtropical oversea (MSS)

6 = Desert, Sahara 0:S)
7 = Eauatorial (EGU)
8 = Continental subtropical (CS)

MIL-HDBK-417 climates
9 =Continental temperate (CT)
10 =Maritime temperate overland (MIL)
11 =Maritime temperate oversea (MTS)
12 =Maritime subtropical (MS)
13 =Desert, Sahara ([DS)
14 =Eatiatorial (EOU)
15 =Continental subtropical (CS)
16 = Mediterranean (MED)
17 = Polar (POL)

LERR /LUNS/ 1*2 LUHSINC
Error output unit.
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LOUT /LUNS/ 1*2 LUNS.INC
FOROO2.0AT output unit nimber,

MDIST /ERAD/ 1*2 ERADINC
Multipath distribution indicator.

0 = Onlv median multipath spread used(default)
1 = Multipath distribution used. (Option not

currently available.)
NCORR /PDATA/ 12 PDATA.INC

Number of receive Port correlations.
NDELMX Parameter 1*2 TROPAR.INC

Maximum number of delav bins in troPoscatter Power Per
unit delav Profiles.

NFIG /NCOM4/ R*4 NCOMIINC
Receiver noise figure in dB. Default is 4d0.

NODS /KCOM2/ 1*2 MCOM.INC
Number of diffraction obstacles. aiaximjm is 3,
default is 1.

NPH(5) /MCOM2/ 1*2 1COM.INC
Arrav containing number of terrain elevation data
Points for calculation of effective antenna heights
for each section of the diffraction Path.

NRAD /ERAD/ X*2 ERAM,1NC
ERFAC indicator and loop counter. Default is 1.

NTERR /HCO2/ 1*2 MCOM.INC
Control Parameter for entrv or calculation of
effective antenna heights (HTE, HRE) and effective
obstacle heights above average terrain elevation
(HLEF),

0 = HTE and HRE supplied directl.
1 = AVETX and AVERX supplied
2 = HI(.) supplied

PRAD(3) /ERAD/ R*4 ERAD.IHC
Fraction of time effective earth radius factor is
greater than ERFAC; Probability that effective earth
radius factor is not exceeded.

For NRA = 1 PRAD = 0.5
=2 =0.1
= 3 = 0,01

PSIREO(NRMX) /ANTENN/ R*4 TROCONI-NC
Arrav of receiver beam boresight elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSIREO(1)
is the main receive antenna.

PSITEO(NTMX) /ANTENN/ R*4 TROCOM.INC
Array of transmitter beam boresight elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSITEO(1)
is the main transmit antenna.

PXHIT /tCOM4/ R*4 MCOH.INC
Rated transmission Power in dBa. Default is 70dm,.

* . .. . . . . . . . .. .o.' .
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QCORR(NCORMX) /PDATA/ R*4 PDATAINC
Contains elements of covariance matrix, ie, Powers and -

correlations.
For DIVTYP = 0

GCORR(1) Power on lower beam
QCORR(2) Correlation coefficient between lower

and upper beam.
OCORR(3) Correlation coefficient between lower

beams of antennas 1 and 2
OCORR(4) Power on upper beam.

For DIVTYP = 1: 0
GCORR(1) Power on lower beam
QCORR(2) Correlation coefficient between lower

and upper beam.
OCORR(3) Power orn upper beam.

For DIVTYP = 2:
GCORR(I) Power on Path I (lower beam) S
QCORR(2) Correlation coefficient between convergent

paths.
QCORR(3) Correlation coefficient between divergent

Paths.
GCORR(4) Correlation coefficient between Parallel

Paths. 0
QCORR(5) Correlation coefficient between crossing

Paths.
QCORR(6) Power on upper beam.

RLL /SYSTRN/ R*4 TROCf)H.INC
Receiver line losses in dB. Default is 0 dB.

SP /MCOM4/ R*4 MCOM.INC S
Service Probability. Default is .95.

SPREAD(NCORMX) /PDATA/ R*4 PDATA.INC
Arrav of delav spreads (2-sigma) for each beam in
seconds.

TEMPA(NCORMX) /PDATA/ R*4 PDATA.INC
Arrav of average troposcatter signal delags for each S
beam relative to straight line in seconds.

THER /PATHGE/ R*4 TROCOM.INC
Radio horizon elevation angle at receive site in
radians.

THET /PATHGE/ R*4 TROCOM.INC
Radio horizon elevation angle at transmit site in
radians.

TLL /SYSTRN/ R$4 TROCOM.INC
Transmitter line losses in d. Default is 0 dB.

Global variables output to common:
AVERX /MCO4/ R*4 MCOM.INC .

Average terrain elevation above sea level between

receive site and radio horizon, in meters,
AVETX /MCON4/ R*4 NCOM.INC

. .-. . . . . . . . . . . . ..

., ( _. . ..,. -, - .. -. .., : . .,. , : . . . , , . , - . . . . .-. .. .. .... . .. . . .... , .. .,- .
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Average terrain elevation above sea level between
transmit site and radio horizon, in meters. -

DE /SUMP/ R*4 CURVE,INC
Effective distance for troPoscatter Path in
kilometers. S

DSPI(3) /SUMP/ R*4 CURVE.INC
Lower beam troeoscatter signal RMS delav spread in
nanoseconds for percentiles 50, 90 and 99.

DSP2(3) /SUMP/ R*4 CURVE.INC
Upper beam troPoscatter signal RHS delav spread in
nanoseconds for Percentiles 50, 90 and 99,

HRE /MCOM4/ R*4 MCOM.fNC
Effective receiver antenna height above average
terrain elevation in meters.

HTE /MCOM4/ R*4 MCOM.INC
Effective transmitter antenna height above average
terrain elevation in meters. .0

J02M /MCOM4/ 1*2 MCOM.INC
Pointer to centroid of lower beam troposcatter signal
Power Per unit delaw Profile.

K6AIN /RZ/ 12 RZIINC
Integer ratio of bandwidth to data rate.

MODPAT /COM2/ 1*2 MCOH.INC 0
Propagation/modem flag to select calculation mode,
Default is t.

0 = Propagation onl.
1 = Propagation + MD-918 modem
2 = Propagation + AN/TRC-170 or DAR modem
3 = Propagation + user-defined modem .

HDELQ /MCOM4/ 1*2 MCOM.INC
Number of non-zero elements of troPoscatter Power per . -

unit delav Profiles O(NDELO,1).
PLOSSI /ERAD/ R*4 ERAD.INC

Reference troPoscatter Path loss in dB on lower beam
for NRAD eauals 1.

Q(NDELMX,NCORMX) /PDATA/ R*4 PDATA.INC
Matrix of troposcatter signal Power and correlation
Per unit delaq Profiles.
For DIVTYP = 0:

Q(.,1) Power on lower beam vs. delav.
O(.,2) Correlation between lower and 0

upper beam vs. delay.
Q(.,3) Correlation between lower beams -

in antennas 1 z 2 vs. delay.
Q(,t4) Power on upper beam vs. delay. -.-

Q(,7) Power on diffraction Path vs. dela-
For DIVTYP = 1: '

0(.%1) Power on lower beam vs, delav.
Q(.,2) Correlation between lower and

upper beam vs. delay.

:,:.S :

' :. _ ..".. " ' . .._J." ".." L ." " ." .".., '.': " "-. " .: " _" . . • - • ,- - -.. ." - " " . . " " , . ." ." , . I
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O(.P3) Power on upper beamn vs. delav
O(*,7) Power on diffraction Path vs. delav.

For DIVTYP = 2:
0(.,1) Power on Path 1 (lower beam) vs. delay.
0(.,2) Correlation between convergent Paths -

(lower beam) vs. delay.
Q(.,3) Correlation between divergent Paths

(lower beam) vs. delay.
0(.,4) Correlation between Parallel Paths

(lower beam) vs. delay.
Q(,,5) Correlation between crossing Paths

(lower beam) vs. delay.
0(.,6) Power on Path of upper beam vs. delay.
0(,,7) Power on diffraction Path vs. delay.

STSNR /SUMP/ R$4 SUMP.INC
Standard deviation of troeoscatter signal long-term
SNR distribution in dB,

TDIFF /MCOM4/ R*4 MCOM.INC
Normalized relative delav between lower and uPPer
beam.

TROLOS(3) /SUMP/ R*4 CURVE.INC
Median troposcatter eath loss in dB for each value in

ERFAC distributions
TRORSL(3) /SUMP/ R$4 CURVE.INC

Median troposratter RSL in dBm for each value in ERFAC

distribution,

o-

01

0 "-l

0

S

......................................................
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5.15 RGAIN

Subprogram name: Function RGAIN

Purpose' Relative voltage gain for' receive aperture I at the off-
boresight angle PSI.

Calling seauence:
RGAIN (19 PSI)

Contained in module: RGAIN

Called bv: DIFSNRt LOOPS

calls: OPATT

Input arguments:
1 1*2 Receiving aperture index.
PSI R*4 Off-boresight angle in radians.

Outp'ut arguments:
RGAIN R*4 Relative voltage gain for given receive aperture.

Global variables input tram common:
AR(NRNX) /ANTEtN/I R*4 TROCnMINC

Arr;'v at receiver antenna diameters in meters. ARM1
is eouivalent to RIIIAM in the input file.

WAKLEN /SYSTRN/ R*4 TROCOM.INC
Wavelength in meters.
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5*16 RIPROF

Subprogram name; Subroutine IIPRO

Purpose: Calculates a normalized CH2 value for a given point ALFA,
BETA, Used when refractive index Profile is input b4 the user.

Calling seauence:
CALL RIPROF (HEIGHT, CN2LOC)

Contained in module: RIPROF

Called bv: LOOPS

Calls: ERROR

Input argumentst
HEIGHT R$4 Height above sea level of the current scsttering 0

Point.

Output arguments*#
CN2LOC R*4 Normalized CN2 value,

Global variables input from common:
CN2(MPROF) /PROPAR/ Rt4 TROCOHINC

The atmospheric strsicture constant height Profile in
meters to the -2/3 Power.

DELH /PROPAR/ R*4 TROCIOH.!NC

Spacing of CN2 samples in meters.
KPROF /PROPAR/ 1*2 TROCOH.INC •

Actual number o samples in height Profile of
structure constant CN2, Limited to NPROF samples,

*. ..

'S . ~ .- . ** ,T' * , * - ~ *..-* '.... * .... -. . ..
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5°17 STEPAB

Subprogram name: Function STEPAB

Purpose: Calculates step size of alpha or beta for a given scattering-
Point.

Calling seouence:
STEPAB (THETA)

Contained in module! STEPAB

Called bu: LOOPS

Calls: NONE

Input arguments:
THET R*4 Scattering angle at bottom of common volume in 0

radians.

Outpjt arguments:
STEPAB R*4 Step size of alpha or beta.

Global variables input from common: -
BEAM /STPCOM/ R*4 STPCOM.INC

Parameter for determinini azimuth and elevation angle
step size in common volume integration.

TFAK /STPCOM/ R*4 STPCOM.INC
Constant for common volume integration.

. . .-

. . . . . . . . . . . .. . . . . . . . . . . . . . .e ,, ,



TROPOSCATTER CALCULATIONS Page 5-34
Function STEPY

5.18 STEPY

Subprogram name:* Function STEPY

Purpose: Calculates the step size in the Y direction.

Calling sieuencel
STEPl' (THETA, Y9 ROT, ROR)

Contained in modlule: STEPY

Called bw: LOOPS

calls: NONE

Input arguments:
THETA R*4 Scattering an~gle at Point of integration.
y $ Y coordinate.
ROT R*4 Distance from transmitter to Point of integration.
ROR R*4 Distance from receiver to Point of integration.

Output arguments:
STEPl' R$4 Step size in the Y direction.

Global variables input from common:
TFAKY1 /STPCOM/ R*4 STPCOM.INC

Constant for common volume integration.
TFAKY2 /STPCOM/ R*4 STFC0M.INC

Constant for common volume integration,
TFAKY3 /STPCOM/ R*4 STPCDM.lNC

Constant for common volume integratio.
TFAKY4 /STFCOI/ R*4 STPCOIIINC

Constant for common volume integration.
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S

5.19 STPPAR

Subprogram name' Subroutine STPPAR

Purpose' Initializes Parameters renuired to determine step size of
alpha, beta and Y in the common volume integration. Refines step size
for space diversitv correlation.

Calling seauence:
CALL STPPAR

Contained in module! STPPAR

Called by: LOOPS

Calls: NONE

Input arguments:
NONE

Output arguments*
NONE

Global variables input. from common: 0

DELTAR(NRMX) /ANTENN! R*4 TROCOI)NINC
3dB half-beaswidth of each receive antenna in radiarns.

DELTAT(NThX) /ANTENN/ R*4 TROCON.INC
3dB half-beamwidth of each transmit antenna in
radians,

DR /PATHGE/ R$4 TROCOM.INC
Receiver distance to minimi scattering Point in
meters.

DT /PATHGE/ R*4 TROCOMINC
Transmit antenna distance to minimum scattering Point
in meters.

ERR /CONTROL/ R*4 TROCON.INC
Common volume integration resolution. Default is .001.

IBR(NRNX,NRMX) /SYSTRN/ 1*2 TROCOM.INC
Channel complex-envelope correlation, and
cross-correlation calculation indicator array,

0 = No calculation
1 = Power (correlation) calculation only
2 = Power (correlation) Per unit delay

spectrum calculation
IPOI.R(NRMX) /ANTENN/ 1*2 TROCOMINC

Arrav of receiver antenna polarizations.
NR /SYSTRN/ 1*2 TROCOM,INC

Number of rereive Ports.
NT !SYSTRN/ 1*2 TROCOM*INC

Number of transmit Ports.

-- - - - - - - - - - - -~~ -. ,, .. . . . . . . . . . . .

• -..................................
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SCPARM /PROPAR/ R*4 TROCOM.INC
Wavenumber spectrum slope Parameter M. Default is
3.66.

TWOPI /CONSTA/ R*4 CONSTANTS.INC -

2 X Pi = 6.283185307.
URH(NR) /PATHGE/ R*4 TROCOM.IN(:

Arraw of receive antennas horizontal offsets from
great circle Plane in meters.

UTH(NT) /PATHGE/ R*4 TROCOM.INC
Arrav of transmit antennas horizontal offsets in
meters.

WAVEN /SYSTRN/ R$4 TROCOM.INC
Wavelen~th in meters.

Global variables outpoit to common:
BEAM /STPCOM/ R*4 STPCOM.INC

Parameter for determining azimuth and elevation angle
step size in common volume integration.

TFAK /STPCOM/ R*4 STPCOMoINC
Constant for common volume integration.

TFAKY1 /STPCOM/ R*4 STPCOM.INC
Constant for common volume integration.

TFAKY2 /STPCOM/ R*4 STPCOM.INC
Constant for common volume integration.

TFAKY3 /STPCOM/ R*4 STPC()mnINc
Constant for common volume integration.

TFAKY4 /STPCOM/ R*4 SVPCON.INC
Constant for common volume integration. -

. . . . . . .. . . . . . . . . . . . . . . . .
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5.20 TGAIN

Subprogram name! Function TGAIN

Purpose: Calculates relative voltage gain for transmit aperture I at

the off-boresight angle PSI.

Calling seauence:

TGAIN (I# PSI)

Contained in module:# TGAIN

Called bw' DIFSNRF LOOPS

calls: GPATT

Input arguments:
1 1*2 Transmit aperture index.
PSI R*4 Off-boresight angle in radians,

Output arguments:
TGAIN R*4 Relative voltage gairs for given, transmit. aperture.

Global variables input from common'.0
AT(NTMX) /ANTENN/ R*4 TROCOM.INC

Arrav of transmitter antenna dia~meters in meters.
ATM) is eauivalent to TilIAM in~ the input file.

WAVIEN /SYSTRN/ R*4 TROCOM.INC
Wavelength in meters.
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5.21 TRANSF

Subprogram name: Subroutine TRANSF

Purpose: Transform angles and distances to effective earth radius and S
calculate scattering Point assuming that at. each site all antennas
have a common horizon and minimum scattering Point. The different

antenna heights are ignored in the calculation of the common volume.

Calling seouence:

CALL TRANSF 0

Contained in module: TRANSF

Called by: TROPO

Calls: ERROR, HORANG S

Input arguments:

NONE

Output arguments:

NONE S

Global variables input from common*
A /PATHGE/ R*4 TROCOM.INC

Effective earth radius in meters.
AO /CONSTA/ R*4 CONSTANTS.INC

Radius of the earth in meters = 6367650. 0
D /PATHGE/ R*4 fROCOMINC

Great circle distance between transmitter arid receiver

measured at sea level in meters.
DELTAR(NRMX) /ANTENN/ R*4 TROCOM.INC

3dB half-beamwidth of each receive antenna in radians.
DELTAT(NTMX) /ANTENN/ R*4 TROCOMINC 5

3dB half-beamwidth of each transmit antenna in

radians.

DLR /PATHGE/ R*4 TROCOM.INC
Distance from receiver to radio horizon in meters,

DLT /PATHGE/ R*4 TROCOI.INC
Distance from transmitter to radio horizon in meters. 5

ERFAC /PROPAR/ R*4 TROCOM.INC
Yearlv median value of effectivs earth radius factor k

in kilometers. Default is 1.33.
ITOFF /PROPAR/ 1*2 TROCOM.INC

Control indicator for efitry or calculation of
transmit/receive radio horizon angles THET and THER. -
Values have following meanings:

0 = Use input THET, THER as reference and

actual horizon (default),

S
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1 = Calculate reference horizon using HORANG
and K eauals 1.33. (Assuming DLT and DLR
are non-zero.) (Option not available.)

2 = Calculate reference horizon using HORANG
and K eauals ERFAC. (Assuming DLT and DI.R •
are non-zero.)

3 = Do not change reference horizons from
previous run. (Option not available.)

NR /SYSTRN/ 1*2 TROCOM.INC
Number of receive Ports,

NT /SYSTRN/ 1*2 TROCOM.INC
Number of transmit Ports,

THER /PATHGE/ R*4 TROCOM.INC
Radio horizon elevation angle at receive site in
radians,

THET /PATHGE/ R*4 TROCOH.INC
0 Radio horizon elevation angle at transmit site in S

radians.

Global variables output to common:
ALFAO /PATHGE/ R*4 TROCOM.INC

Hinimum transmit antenna elevation angle measured from
transmitter-to-receiver line to transmit horizon line-.0
in radians.

BETAO /PATHGE/ R*4 TROCOh.INC
Minimum receive antenna elevation angle measured from
receiver-to-transmitter line to receiver horizon line
in radians.

DR /PATHGE/ R*4 TROCOM.INC ..
Receiver distance to minimum scattering Point in
meters.

DT /PATHGE/ R*4 TROCOM.INC
Transmit antenna distance to minimtm scattering Point
in meters.

HCOM /PATHGE/ R*4 TROCOM.INC 0
Effective height of the bottom of the common volume in
meters.

HLR /PATHGE/ R*4 TROCOK.INC
Receiver radio horizon elevation above sea level in
meters.

*HLT /PATHGE/ R*4 TROCOM.INC .
Transmit radio horizon elevation above sea level in
meters,

HRN /PATHGE/ R*4 TROCOH.INC
Receive antenna height above sea level in meters.

HTN /PATHGE/ R*4 TROCOM.INC
Transmit antenna height above sea level in meters.

IRF /PATHGE/ 1*2 TROCOM.INC
Parameter which indicates whether reference horizon
elevation angles have been calculated (IRF 1) in

, ..........................L',=,.-+.'........+. . .".........".. .. . .. , ' ,..,." .-... .,
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~0

Previous run. It has meaning oniw when JTOFF =3#

PHI /PATHGE/ R*4 TROCOM.INC
Diffraction angle in radians.

PHIR /PATHGE/ R*4 TROCIJH.INC
Receive angular distance to minimum scatteringg Point
in radians*

PHIT /PATHGE/ R*4 TROCOM.It4C
Transmit angular distance to minimum scattering Point
in radians,

PSIREO(NRMX) /ANTENN/ R*4 TROCOlI.INC
Arraw of receiver beam boresight elevations above
radio horizon in radians# iep angle at which each
antenna is aimed relative to the horizon. PSIREO(1
is the main receive antenna.

PSITEO(NTMX) /ANTEWN/ R*4 TROCOMi.INC
Arrav of transmitter beam boresight elevations above
radio horizon in radiansp ier angle at which each
antenna is aimed relative to the horizon. PSITEO(1
is the main transmit antenna.

S /PATI4OE/ R*4 TROCOM.INC
Troeoscatter Path asgimmetrv Parameter.

S1 /PATHGE/ R*4 TROCOti.INC
Troposcatter Path asvinmetrvi Parameter.

THEMR /PATHI3E/ R*4 TROCOM.TNC
Receive reference horizon in radians.

THETAO /PATHGE/ R*4 TRGCOMINC
Scattering angle at bottom of common volume in
radians.

THETRF /PATHGE/ R*4 TRDCON.INC
Transmit reference horizon elevation in radians.
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5.22 TRLOSS

" Subprogram name: Subroutine TRLOS3

Purpose: Calculates theoretical Pathloss using formulas developed bv 0
S. Parl.

Reference: S. Parl, 'New formulas for tropospheric scatter loss',1979,
Radio Science, Vol. 14, No. 1, Pp. 42-57.

Calling seauence: S
CALL TRLOSS (I, X)

Contained in module: TRLOSS

Called bu: LOOPS

Calls? ERROR

Input arguments:
I1 1*2 Receiver beam number.

Output arguments: S
x R*4 Theoretical Pathloss.

Global variables input from common:
ALFAO /PATHGE/ R*4 TROCON.INC

Minimum transmit antenna elevation angle measured from
transmitter-to-receiver line to transmit horizon line S
in radians,

BETAO /PATHGE/ R*4 TROCOM.INC
Hinimum receive antenna elevation angle measured from
receiver-to-transmitter line to receiver horizon line
in radians.

D /PATHGE/ R$4 TROCOM.INC S
Great circle distance between transmitter and receiver
measured at sea level in meters,

DELTAR(NRIX) /ANTENN/ R*4 TROCOM.INC
3dB half-beamwidth of each receive antenna in radians.

DELTAT(NTHX) /ANTENN/ R*4 TROCOH.INC
3dB half-beamwidth of each transmit antenna in S
radians.

ICPL /CPLOSS/ 1*2 CPLoINC
Coupling loss count.

PSIRAO(NRNX) /ANTEN4/ R*4 TROCOMINC
Arrav of receiver beam azimJths in radians,

PSIREO(NRMX) /ANTENN/ R*4 TROCOM.INC S
Arraw of receiver beam boresight elevations above
radio horizon in radianst ie, ansle at which each
antenna is aimed relative to the horizon. PSIREO(I)

... -. -
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Subroutine TROSS

is the main receive antenna.
PSITEQ(NTNX) /ANTENN/ R*4 TROCOM.INC

Arrav of transmitter beam boresight elevations above
radio horizon in radians, ie, ancle at which each
antenna is aimed relative to the horizon. PSITEO(1M
is the main transmit antenna.

SCPARM /PROPAR/ R*4 TROCOM.IMC
Wavenumber spectrum slope Parameter M. Default is
3,66.

Global variables output to common:S
CPL(6) /CPLOSS/ R*4 CPL.TNC

Aperture-to-medium coujpling loss arrav in dB.

. .. . . ..S



CHAPTER 6

DIFFRACTION CALCULATIONS

This section describes the diffraction calculation routines:

0 User's Manual
Name Description section

AVAIL Pathloss variabilitu . . . . 2.6.1
CONVOL Cumulative distribution , 2.6.1
DIFI Knife-edge diffraction loss , , 2.6.2
DIFSNR Diffraction RSL and SNR

distribution . . . . , 2.6.1
INTERP Lagrangian interpolation . . . NA
HDIF Multiple edge diffraction loss

calculations .... , .... 2.6, 2.6.2-*3
TANGL Radio horizon (take-off)

angles .. f.... t. . 2.6.2, 2.6.3

The main routines for this section are DIFSHR and MPIF. Diffraction
calculations are described in section 2.6 of the User's Manual.

Figure 2-3 is a top level flowchart for diffraction Propagation Parameter
calculations at a functional level. In most cases the blocks correspond to one
or more subprograms. The test blocks (diamonds) correspond to logical branches

which are decided bu the user's choices of input data.

NOTE

In most cases the sections in the User's Manual describe the coded
eeuations as well as the theorv behind them. HA denotes routines that
are Programming utilities such as finding indices, setting Pointers,
etc.

"1

. . . •0
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Subroutine AVAIL

6.1 AVAIL

Subprogram name: Subroutine AVAIL

Purpose: Routine to calculate the distribution of the Pathloss
variability for multiple edge diffraction Paths by convolution of the 0
Pathloss variability for each section of the Path, for a specified
climate (KLIMAT).

Calling seauence:

CALL AVAIL (FMHZNDHTEHREDNLCRVDEYQT)

Contained in module: AVAIL

Called by DIFSNR

Calls: CLIME, CLIMIL, CLIMIX, CONVOL, INTERP

Input arguments:
FMHZ R*4 Freouency in MHz.
ND 1*2 Number of sections in diffraction Path 1<ND<6. Eoual

to number of edges Plus one. No limit set.
HTE(ND) R*4 Array containing transmitter (horizon) heights in

meters above avera5e terrain height for each of the
ND sections in the diffraction Path.

HRE(ND) R*4 Array containing receiver (horizon) heights in meters
above average terrain height for each of the NTP
sections in the diffrartion Path.

DN(ND) R*4 Arraw containing great circle Path length in meters of
each section of Path.

LCR R*4 Long term eathloss reference value in dB

Output arguments:
VDE R*4 Median correction factor for specified climate in dB.

Set to zero when the user specifies yearly median of
effective earth radius factor (SEAN = 0).

Y(11) R*4 Array containing Pathloss variability distribution
about the median in dR.

QT(11) R*4 Array containing Percent of time Pathloss is not

exceeded, i.e. time availability

Global variables input from common._
KLIMAT /PROPAR/ 1*2 TROCOM.INC

Climate zone indicator. Default is 0.
0 = User supplied climate

NS TNIO climates
1 = Continental temperate (CT)
2 = Maritime temperate overland (MTL)
3 = Maritime temperate oversea (MTS)
4 = Maritime subtropical overland (MSL)

%.-... ..-.. .-.
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0

5 = Continental temperate time block 2 (CT2)
(winter afternoon hooirs) - formerl-
Maritime subtropical oversea (MSS)

6 = Desert, Sahara (PS)
7 = Eeuatorial (EQU)
8 = Continental subtropical (CS) 0

MIL-HDBK-417 climates
9 = Continental temperate (CT)
10 = Maritime temperate overland (MTL)
11 = Maritime temperate overses (MTS)
12 = Maritime subtropical (MS)
13 = Desert, Sahara (DS)
14 = Eauatorial (EQU)
15 = Continental subtropical (CS)
16 = Mediterranean (MED)
17 = Polar (POL)

LOUT /LUNS/ 1*2 LUNSINC
FOROO2.DAT output unit number.

SEAN /PROPAR/ R*4 TROCOM.INC
Minimum monthlu median of refractivitu at sea level.
Used to calculate ERFAC if nan-zero.

.0

S

0

S 2. •2

0

.......................................... .
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6.2 CONVOL

Subprogram name: Subroutine CONVOL

Purpose: Routine to find the cumulative distribution function of
the sum of two independent random variables given the comPlementar•
cumulative distribution function of each of the random variables.

Calling seeuence'

CALL CONVOL (FA,A,IA,FB,BIB,FCCIC)

Contained in module: AVAIL •

Called bv: AVAIL

Calls: INTERP

Input arguments* #
FA(IA) R*4 Arrav containing IA values of comPlementarg

cumulative distribution of A. Dimensioned to 50.
A(IA) R*4 Arrav containing range of values of random

variable A. Dimensioned to 50.
IA 1*2 Number of Points in distribution A. Maximum is 50.
FB(IB) R*4 Arrav containing XB vallips of conplementarv

cumulative distribution of B. Dimensioned to 50,
B(IB) R*4 Arrav containing range of values of random

variable B. Dimensioned to 50.
IB 1*2 Number of Points in distribution of R. Maximium is 50.

Output arguments: .
FC(50) R*4 Array containing 50 values of cumulative distribution

of the sum A + B. - --

C(50) R*4 Arrav containing range of values of the sum A + B.
IC 1*2 Number of elements in cumulative distribution of A+B.

Global variables input from common:
LERR /LUNS/ 1*2 LUHS.INC

Error output unit.

. . ... ...- . -
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6o3 DIFi

Subprogram name: Subroutine DIFI

Purpose'# Compustes the diffraction loss due to a single isolated and
rounded obstacle.

Calling seauence:
CALL DIFi (R9 Dip D2P PHIP IF, ATT)

Contained in module: MDIF 41

Called W. IIDIF

calls: NONE

Input arguments:
R R*4 Radius of curvature of diffracting edge in meters.
DI R*4 Distance from source (transmitter) to edle in meters,
D2 R*4 Distance from observation Point (receiver) to edge

in meters.
PHI R*4 Diffraction angle in radians.
F R*4 Freo'jencu in MHz.

Output arguments:
ATT R*4 Diffraction loss in dB.,

Global variables input from common:
LERR /LUNS/ 1*2 LUNS*INC

Error output unit.
P1 /COt4STA/ R*4 COt4STANTS.INC

Constant Pi =3.141592654.
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)routine DIFSNR

6.4 DIFSNR

Subprogram name: Subroutine DIFSNR

Purpose: Routine to calculate the diffraction eath loss, RSL and SNR
distributions for a given service Probabilit; (SP).

Calling seouence*
CALL DIVSNR (LCR, OFT, OER, IWR, ASNR, DUPOW)

Contained in module: DIFSNR

Called by: TROPO

Calls: AVAIL, AVTER, EkFC, RGAIN, TGAIN

Input arguments.
LCR R*4 Reference value of diffraction Path loss in d0.
OET R*4 Horizon elevation angle at transmit site in radians.
DER R*4 Horizon elevation angle at receive site in radians.
RWR R$4 Receive antenna beamwidth in delrees.

Output arguments: "
ASNR R*4 Median and/or yearly average value of diffraction

Path SNR in dB.
DUPOW R*4 Ratio of diffraction signal on upper beam to that

on lower heam.

Global variables input ?rom common:
CDEGR /CONSTA/ R*4 CONSTANTS.INC

Radians Per degree 0.017453293.
D /PATHGE/ R*4 TROCOM.INC

Great circle distance between transmitter and receiver
measured at sea level in meters.

DL(3) /MCOM4/ R$4 MCOM.INC
Array containing distance from each obstacle to
transmitter in meters.

DRATE /MCOM4/ R*4 MCOM.INC
Data rate in bits/second. Default is 6.6E6.

F /SYSTRN/ R*4 TROCOM.INC
Operating freauenc in Hz. Model is accurate between
100MHz and 10GHz.

GRDB(NRMX) /ANTENN/ R*4 TROCOM.INC
Gain of each receive antenna in di.-

GTDB(NTMX) /ANTENN/ R$4 TROCOM.INC
Gain of each transmit antenna in dli.

H(155) /MCOM4/ R$4 MCOM.INC
Array containing NPM(1) evenlw-spaced terrain
elevation data (in meters) between transmitter and
first obstacle followed by NPM(2) evenly-spaced

: --':. .: _.:: :.. :-:. :- :. -: :. ..: : -: -:. :.. -.: : :: :: :-. ..- -: : -.. . ..-: :: . .: : :. .' : : : -.. .- .- ,. :. :: :: ..S:
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terrain elevation data between first and second
obstacle, etc., ending with NPM(NOBS+I) evenlv-spaced
terrain elevation data between last obstacle and
receive site. The data should be selected such that:

HI) = Terrain elevation above sea level at
transmit site (HTO). •

HI(NPM(1)) = HI" (NPM(I)+I) = Elevation of Ith
obstacle above sea level (HL(I)).

HI(NPM(NOBS+I)) = Terrain elevation above sea
level at receive site (HRO).

In MDiTS, HI is used as work space. It is eauivalenced
to local arrays, 

HL(3) /MCOM4/ R*4 MCOM.INC
Arrav containing elevation of each obstacle above sea
level in meters. HL(1) is elevation of transmitter
radio horizon HLT. HL(NOPS) is elevation of receiver
radio horizon HL.R.

HLAV(3) /MCOM4/ R*4 MCOH.INC S
Array containing average terrain elevation at each
diffraction Point in meters.

HLEF(3) /MCOM4/ R*4 HCOM.INC
Arrav containing effective height of obstacles above
average terrain elevation in meters.

HRE /MCOM4/ R*4 MCO.INC S
Effective receiver antenna height above average
terrain elevation in meters.

HRN /PATHGE/ R*4 TROCOM.INC
Receive antenna height above sea level in meters,

HTE /MCON4/ R*4 MCOM.INC
Effective transmitter antenna height above a.erage
terrain elevation in meters.

HTN /PATHGE/ R*4 TROCOM.INC
Transmit antenna height above sea level in meters.

LERR /LUNS/ 1*2 IJ.HS.INC
Error output unit.

LOUT /LUNS/ 1*2 LJNS.INC 5
FOROO2,DAT output unit number.

NFIG /MCOM4/ R*4 MCOM.INC
Receiver noise figure in dR. D0efault is 4dR.

NOBS /IMCOM2/ 1*2 MCONINC
Number of diffraction obstacles. Maximum is 3f
default is 1.

NPM(5) /MCOM2/ 1*2 MCOM.INC
Arrav containing number of terrain elevation data
Points for calculation of effective antenna heights
for each section of the diffraction Path.

NTERR /MCON2/ 1*2 MCOM.INC
Control parameter for entrv or calculation of S
effective antenna heights (HTE, HKE) and effective
obstacle heights above average terrain elevation

. . "..-..".
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7*8 YINT

Subprogram name' Subroutine YINT

Purpose: Linear interpolation routine to find Y = A IE + B.
Where: A = (Y2 - Y1) / (X2 - Xl) and 0

B YI - A * X1
For X1 < DE < X2

Calling seouence'
CALL YINT (DEXlX2,YlY2,Y)

Contained in module' CLIME

Called bu: CLIME

Calls: NONE 0

Input arguments:
DE R*4 Effective distance in kilometers.
X1 R*4 Lower limit for distance interpolation in kilometers.
X2 R*4 Upper limit for distance interpolation in kilometers,
YI R*4 Path loss variabilitv correspnnding to X1 in d..
Y2 R*4 Path loss variabilitv correspondirng to X2 in dB. B

Output arguments:
Y R*4 Path loss variabilitv in dB.

. " '

• -S

..
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7.7 VDECAL

Subprogram name: Subroutine VDECAL

Purpose: Computes the median correction factor, VDE, for the _
MIL-HDBK-417 climates given the C1, C2, C3, N1, N2, N3, FM, F8
constants in V(I) and the effective distance DE.

Calling seauence:
CALL VDECAL (V, DE, VDE)

Contained in module: CLIMIL

Called bw: CLIMIL

Calls: NONE

Inpot arguments:
V(8) R*4 Arrav containing the constants used in calcu]ating

VDE.
DE R*4 Effective distance in kilometers.

Output arguments:
VDE R*4 Median correction factor V(.5,DE) in dB according

to KLIMAT.

S. .i

S

S ," %
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iction VARPOL

7o6 VARPOL

Subprogram name: Function VARPOL

Purpose: Computes the value X(F), X2 < X < X1 where: F(X) is a normal
distribution function with F(XI) = F1 and F(X2) F2. The function
reouires that F2 < F1.

Calling seouence!
VARPOL (F,F1,F2,X1,X2,SIGMA)

Contained in module: CLIMIX

Called bv; CLIMIX

Calls: NONE

Input arguments:
F R*4 Function.
F1 R*4 Value of function F at X1.
F2 R$4 Value of function F at X2.
X1 R*4 Variabilitv abouit median in dB.
X2 R*4 Variability about median in dR.
SIGMA R*4

Output arguments:
VARPOL R*4 Result of interpolation between X2 and X1,

Global variables input from common: S
P1 /CONSTA/ R*4 CONSTANTS,]N

Constant Pi 3.141592654.

. ........... .........
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Subroutine DEIND

7.5 DEIND

Subprogram name: Subroutine DEIND

Purpose: Find OE indices for interpolation of climate variabilitv data -

in look up tables.

Calling seeuence*
CALL DEIND (DEtI,1I2,LIM,XlX2,DEINC)

Contained in module: CLIME •

Called bv: CLIME

Calls: NONE

Input arguments:
DE R*4 Effective distance in kilometers.

LIM 1*2 DE maximmis increment.

DEINC R*4 DE range increment.

Output arguments: .

11 1*2 Output index for XI < DE < X2, S

12 1*2 Output index for Xl < E K< X2 (for BE = Xl, 12 : 0).

Xl R*4 Output DE range, Xl < DE < X2, where Xl takes the

values O, DEINC, 2*$EINC, . . . , (LM-) * IEINC,

X2 R*4 OutPut DE range, X1 < DE < X2.

Global variables input from 
common:

LERR /LUNS/ 1*2 I.UNS.INC

Error output unit.

........................... .,

...... ...... ..... ...... ...... .....

. .... ...-. ,...... ,.... 1. ... ,:...... . ... :.. ::... :-.,-:::.-



:LIMATE VARIABILITY CALCULATIONS Page 7-5
Subroutine CLIMIX

7.4 CLI;IX

Subprogram name: Subroutine CLIMIX

Purpose: Mixed climate variabilitv distribution and VDE computation.

Calling seauence:
CALL CLIMIX (DE, YOP KLIM1, KLIM2, FM, VDE)

Contained in modgile? CLIMIX

Called by: POWER 6

Calls: CLIME, ERFC, VARPOL

Input arguments:
DE R*4 Effective distance in kilometers.
KLIM1 1*2 First KLIMAT code to be mixed.
KLIM2 1*2 Second KL.IMAT code to be mixed.
FM R*4 Freauencw in MHz.

Output arguments:
YO(8) R*4 Variability distribution function YO(O),
VDE R*4 Time variability of basic tr,,smission loss in dB.

Global variables input from common:
LERR /LUNS/ 1*2 LUHS.INC

Error output unit.
LOUT /LUNS/ 1*2 LUNS.INC

FOROO2.DAT output unit number.

S

.. -. .*
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7.3 CLIMIL

Subprogram name! Subroutine CLIMIL.

Purpose: Set the variability about the median, YO arrav, and the median
correction factor, VPE, for MIL-HDBK-417 climates according to KL.IMAT.

Calling seouence:

CALL CLIMIL (DE, YO, KLIMAT, F, VDE)

Contained in module: CLIMIL

Called by. POWER, AVAIL

Calls: CLIFIT, VOECAL

Input arguments:
DE R*4 Effective distance in kilometers.
KLIMAT 1*2 Climate designation,
F Rt4 Freouenc in MHz.

Output arguments:
YO(8) Rt4 Variability about median in d..
VDE R*4 Median correction factor V(.5,DE) in dB according

to KLIMAT.

Global variables input from common.
LERR /LUNS/ 1*2 LUNS.INC

Error output unit.

Global variables output to common?
DENIN /CURVE/ R*4 CURVF.INC

User supplied minima of the 90th Percentile
variability curve, YO(90).

Y900 /CURVE/ R*4 C1IRVE.INC
User supplied value for 90th percentile variability
curve YO(90) for DE greater than or eoiual 900 km.
Used only when ICLIME is 2. Used to compute the
eauation for the YO(90) curve fit.

YTIN /CURVE/ R*4 CURVE.INC
User supplied value for 90th percentile variability
curve YO(90) for DE eaual to DEMIN. Used only when
ICLIME is 2. Used to compute the eauation for the
YO(90) curve fit,

S:: ::i ::

... : .. ..
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7.2 CLIME

Subprogram name: Subroutine CLIME

Purpose: Calculate median correction factor VPE and Path loss
variabilitv about median YO, given the effective Path distance DF, 0

NBS climate designator KLIMAT and freauencv F. Set YO arrav and VDE
according to climate code KLIMAT.

Reference: C1, C2, C3, NI, N2, N3, FM, F8 constant data for the NBS
climates is from Volume II of National Bureau of Standards technical
note 101: 'Transmission Loss Predictions for Tropospheric
Communication Circuits', revised 1-01-67.

Calling seeuence:
CALL CLIME (DE, YO, KLIMAT, Ft VDE)

Contained in module: CLIME S

Called bv! AVAIL, CLIIIX, POWER

Calls: CLIFIT, DINT, YINT

Input arguments:
DE R*4 Effective distance in kilometers.
KLINAT 1*2 Climate designation.
F R*4 Freauencu in MHz,

Output arguments:
YO(8) R*4 Variabilitu about median in dB.
VDE R*4 hedian correction factor V(,5, DE) in dB according

to climate.

Global variables input from common:
DEMIN /CURVE/ R*4 CURVE.INC

User supplied minima of the 90th Percentile
variabilitu curve, YO(90)#

GPF /CURVE/ R*4 CUIRVE.INC
Freouencv correction factor for user supplied 90th
Percentile variability curve. Default is 1.

LERR /LUNS/ 1*2 LUNS.INC
Error output unit.

* -.. ~a - aS..~t. .-.... .-.. . . .
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7.1 CLIFIT

Subprogram name: Subroutine CLIFIT

Purpose: Routine to fit YO(90) curve given the value for YO(90) for 0
effective distance DE = 0 (YZER|) the values YO(90) and DE for the
minima of the curve (YHIN, DEHIN) and the value of YO(90) for
DE .GE. 900 km (Y900). Note: DEIN and DE are in kilometers.

Calling seouence:

CALL CLIFIT (DEPY,DCyIFLAG) S

Contained in module: CLINE

Called bw: CLIHE, CLIMIL

calls: NONE S

Input arguments:
DE R*4 Effective distance in kilometers.
DC R*4 Cut-off distance in kilometers.
IFLAG 1*2 Flag to indicate whether variabilitv curve

coefficients are to be Printed (IFLAG = 1) or not. S

Output arguments:
Y R*4 Magnitude of variabilitv YO(90,DE).

Global variables input from common.
DEHIN /CURVE/ R*4 CURVE.INC

User supplied minima of the 90th Percentile
variabilitv curve, YO(90).

LOUT /LUNS/ 1*2 LIJNSINC
FOROO2.DAT output unit number.

Y900 /CURVE/ R*4 CURVE.INC
User supplied value for 90th Percentile varishilitj S
curve YO(90) for DE greater than or eoual 900 km.
Used onlv when ICLIME is 2. Used to compute the
eouation for the YO(90) curve fit.

YMIN /CURVE/ R*4 CURVE.INC
User supplied value for 90th Percentile variabilitv
curve YO(90) for DE eeual to DEIIN. Used only when S
ICLIHE is 2. Used to compute the eouation for the
YO(90) curve fit.

S - ,- . .
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CHAPTER 7

CLIMATE VARIABILITY CALCULATIONS

This section describes the climate variabilitv calculation routines:

0 User's Manual
Name Description section

CLIFIT Climate curve fit ....... 2.5.4.5
CLIME Climate main routine # o 2.5.3.1
CLIMIL MIL-HDBK-417 climates . . . . , 2.5.3#29 2.5.4.1r .

2.5.4.2
CLIMIX Mixed climates # # 2#5#3&1
DEIND DE indices . .. . .. , ,NA
VARPOL Interpolation # NA.

* VDECAL VDE calculations a 2.5.3.1
YINT Y interpolation . , NA

*Climate calculations are described in sections 2.5.3 and 2.5.4 of the User's
Manual.

NOTE

In most cases the sections in the User's Maniual describe the coded
eauations as well as the theorv behind them. NA denotes routines that
are Programming uitilities such as finding indices, spttingc pointers,

* etc.
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6,7 TANOL

Subprogram name' Subroutine TANGL

Purpose' Calculates radio horizon elevation angles and diffraction
angle for a single diffraction Path geometrv. 0

Calling seauence:
CALL TANGL (DHTSHRSDLTDLRHLA,OET,OERAHO,BHOTHETADO, XlX2)

Contained in module: HDIF

Called bv: MDIF

Calls: HORANG

Input arguments:
P R*4 Great circle distance in meters.
HTS R$4 Transmit terminal elevation above sea level in meters.
HRS R*4 Receive terminal elevation above sea level in meters.
DLT R*4 Great circle distance from radio horizon to

transmitter (source) in meters.
DLR R*4 Great circle distance from radio horizon to receiver

(observation Point) in meters.
HL R*4 Radio horizon elevation above sea level in meters.
A R*4 Effective earth radius in meters.

Output arguments:
OET R*4 Radio horizon elevation angle of transmit terminal

above tangent to terminal site in radians.
OER R*4 Radio horizon elevation angle of receive terminal

above tangent to terminal site in radians.
AHO R*4 Terminal radio horizon angle above straight line

intersecting both terminals in radians.
BHO R*4 Terminal radio horizon angle above straight line

intersecting both terminals in radians.
THETA R*4 Diffraction angle in radians.
DO R*4 Slant Path range in meters.
XI R*4 Distance from source (transmitter) to diffracting

edge in meters.
X2 R*4 Distance from observation Point (receiver) to

diffracting edge in meters.

Global variables inpit from common.-
LERR /LUNS/ 1*2 LUNS*INC

Error output unit.
o

. .. . . . . . . . . . . .. •
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Free space velocity of radio waves = 2.998E8 a/sec.
DELPB /PDATA/ R*4 PDATA.INC

Resolution of a delay cell in seconds.
LERR /LUNS/ 1*2 LUNS.INC

Error output unit.
LOUT /LUNS/ 1*2 LUNS.INC

FOROO2.DAT output unit number.
NDELMX Parameter 1*2 TROPAR.INC

Maximum number of delav bins in troposcatter Power Per
unit delay Profiles.

PI /CONSTA/ R*4 CONSTANTS.INC
Constant Pi = 3.141592654. 0

Global variables output to common*
DELREF /PDATA/ R*4 PDATA.INC

Minimum delay throug1h the lowest scattering Point
(relative to straight line delay) in seconds.

O(NDELMX,NCORMX) /PDATA/ R*4 PDATA.INC
Matrix of troposcatter signal Power and correlation
Per unit delay Profiles.
For DIVTYP = 0:

0(.,1) Power on lower beam vs. delay.
0(.,2) Correlation between lower and

upper beam vs, delay.
0(.,3) Correlation between lower beams

in antennas 1 9 2 vs. delay.
0(,,4) Power on upper beam vs. delay.
Q(.7) Power on diffraction Path vs. delay

For DIVTYP a 1
(091) Power on lower beam vs. dela4. 0

Q(.,2) Correlation between lower and
upper beam vs. delay.

0(.,3) Power on upper beam vs. delay
0(.,7) Power on diffraction Path vs. delay,

For DIVTYP = 2:
0(.,1) Power on Path 1 (lower beam) vs. delay.
0(#r2) Correlation between convergent Paths

(lower beam) vs. delay.
0.,#3) Correlation between divergent Paths

(lower beam) vs. delay,
0(.,4) Correlation between Parallel Paths

(lower beam) vs. delay.
Q(.,5) Correlation between crossing Paths

(lower beam) vs. delay, ...

0(#96) Power on Path of upper beam vs. delay.
Q(,,7) Power on diffraction Path vs. delay.

. -0 .
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Subroutine MDIF

6.6 HDIF

Subprogram name: Subroutine HDIF

Purpose: Routine to calculate the diffraction angles, relative delav,
and basic Path loss of a diffraction Path with multiple diffraction
Points.

Callin=a seauence.
CALL DIF (KDHLHTNHRNDL.,DDSPFALBDEL,THETTHER, MOLPAT,JQDM)

Contained in module: MDIF

Called bv: TROPO

Calls: DIFI, ERROR, TANGL

Input arguments:
Ku 1*2 Number of diffracting edges, No maximum set.
HL(KD) R*4 Arrav containing heights above sea level of the k

diffraction Points in mrters,
HTN R*4 Transmit antenna height above sea level in meters.
HRN R*4 Receive antenna height above sea level in meters, 
L(KD) R*4 Arrav containing great circle distance from the

transmitter to midpoint of each obstacle in meters,
D R$4 Great circle distance between transmitter and receiver

in meters.
DS(KD) R$4 Arrav containing effective horizontal extent of each

obstacle along great circle Path in meters,
F R*4 Carrier freauenc in MHz.
A R*4 Effective earth radius in meters,
MODPAT 1*2 Indicates whether or not to calculate modem

Performance,
0 = Propagation onlv
I = Propagation + HD-918 modem
2 = Propagation + TRC modem

JOOD 1*2 Index in the oultipath Profile corresponding to
the delav of the specular component.,

Output arguments:
LB R*4 Long term reference basic Path loss in dB.
DEL R*4 Diffraction Path delaw relative to slant range delav

in seconds.
THET R$4 Horizon elevation angle at transmit site in radians.
THER R*4 Horizon elevation angle at receive site in radians.

Global variables input from common:
AO /CONSTA/ R*4 CONSTANTS.INC

Radius of the earth in meters = 63676bO.
CO /CONSTA/ R*4 CONSrANTS.INC

,-02.......- . . ... ,~~. . . .. . . . . . . . . . ......... il i iili i ....
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Subroutine INTERP

~0
6.5 INTERP

Subprogram name: Subroutine INTERP

Purpose: Routine to interpolate using nth order Lagrangian
approximation.

Calling seouence:
CALL INTERP (IORDtIDIMXI1IMAFXXFAA)

Contained in module: AVAIL 0

Called bW AVAIL, CONVOL

Calls: NONE

* Input arguments:
IORD 1*2 Order of interpolation.
IDIMX 1*2 Dimension of input arrays. Maximum is 101.
IDIMA 1*2 Dimension of output arrays. Maximum is 50.
FX(IDIMX) R*4 Arraw containint IDIMX values of dependent

variable. Dimensioned to 101.
X(IID[MX) R*4 Arraw containing IDIMX values of independent

variable in ascending order. Dimensioned to
101.

A(IDIMA) R*4 Arras containing IDIMA values of independent
variable after interpolation in ascending
order. Dimensioned to 50.

Output arguments:
FA(IDIMA) R*4 Arraw containing IDIMA values of dependent

varaiabLe after interpolation, Dimensioned to
50.

I' "

'-...
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Subroutine DTFSNR

(NLEF).
0 = HTE and HRE supplied directlv
1 = AVETX and AVERX supplied
2 = HI(.) suplied

PHDIV /HCOH4/ R*4 ICOH.INC
Souint angle between upper and lower receiver beams in
radians. Default is beamwidth.

PSIREO(NRMX) /ANTENN/ R*4 TROCOM.INC
Arrav of receiver beam boresight elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSIREO(1)
is the main receive antenna.

PSITEO(NThX) /ANTENN/ R*4 TROCOII.INC
Arrav of transmitter beam boresight elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSITEO(1)

* is the main transmit antenna.
PXMIT /MCOM4/ R*4 MCOM.INC

Rated transmission Power in dBm. Default is 70dm.
RLL /SYSTRN/ R*4 TROCOM.INC

Receiver line losses in dB. Default is 0 dB.
SP /HCOM4/ R*4 MCOM.INC

Service Probability. Default is .95.
THER /PATHGE/ R*4 TROCOG.INC

Radio horizon elevation anile at receive site in
radians.

THET /PATH6E/ R*4 TROCOM.IHC
Radio horizon elevation angle at transmit site in
radians.

TLL /SYSTRN/ R*4 TROCOM.INC
Transmitter line losses in d8. Default is 0 dB.

Global variables output to common*

AVERX /MCOM4/ R*4 MCO.INC
Average terrain elevation above sea level between
receive site and radio horizon, in meters.

AVETX /MCOM4/ R*4 MICOH.INC
Average terrain elevation above sea level between
transmit site and radio horizon, in meters.

DIFLOS(3) /SUMP/ R*4 CURVEINC
Median diffraction Path loss in dB for each value in
ERFAC distribution.

. DIFRSL(3) /SUMP/ R*4 CURVE,INC
Median diffraction signal RSL in dam for each value in
ERFAC distribution.

DSTSNR /SUMP/ R*4 CURVE.INC
Standard deviation of diffracted signal long-term SNR
distribution in dB,

...................................**".. . . .
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CHAPTER 8

BUTTERWORTH FILTER CALCULATIONS

This section describes the Butterworth filter calculation routines:

* User's Manual

Name Description section

A5OFCC FCC filter attenuation
relative to 5OdB . . . .... 2.7

BUTFIL Main filter routine . . . . 2.7
BWJAN Interference Power spectrum . . 2.7.3
ENRGF Energv of filter cascade . . 2.7
FCCMSK FCC 19311 mask compare . . . NA
FFT Fast Fourier transform , NA
FUNBU Bandwidth constraint test . . NA
FUNJAM Degradation test * . * 6 # # # NA
INTERB Linear interpolation . .. . NA
PEAK Impulse response Peak . . NA
PSPEC Power spectrum - Butterworth . 2.7
PSPECI Power spectrum - receiver . . . 2.7
PSPEC2 Power spectrum - interferer-

receiver . # . f # ft . 2 7 . 3

PSPJ Power spectrum - interferer f 2.7.3
RTNI Newton's iteration for non-

linear eouations ft . NA
SAMPLE Impulse response ..... . NA
SEARCH Filter specification . .. . NA
SPEC Spectrum - Butterworth # * # 2.7

* SPECI Spectrum - receiver ft . . 2.7
SPEC2 Spectrum - transmitter f '2.7.3

The main routine for this section is BUTFIL. These celculations are described
in section 2.7 of the User's Manual.

Figure 2-4 is a top level flowchart for filter and interference effects
calculations at a functional level. In most cases the blocks correspond to one

-' or more subprograms. The test blocks (diamonds) correspond to logical branches
which are decided by the user's choices of input data.

.............................................................................., ... . .. . .. . . .. . .. . . .. . .. . . .. .. '.,"
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S

NOTE

In most cases the sections in the User's Manual describe the coded
eouations as well as the theory behind them. NA denotes roijtines that
are Programming utilities such as finding indices, setting Pointers,
etc.

0

0

?,2"-:i.• .--'i-, .-?' -.; ' .-i'-.,i', , "--.2'.-,,'-- 2'.- , '.i,:, .. , .. ?:'i., .?: :. .i;;i- i'-?.i'.; ," -i ,"- 'i::- i-'



FOR SPEIFEDURNID

TRNMADRECEIVE FILTERS

CONT AI T..1 ES RSOS OFREIEINEFRNERTN

SAMPLE

POSCER PER UNITMI DELA PROFIL E R FITOEnRE ECRTR

YES

.........................PLE.. . . .. . . . .

is.. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .
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Function A5OFCC

8.1 A5OFCC

Subprogram name: Function A5OFCC

Purpose: Calculates filter attenuation at normalized freouenc4 F
relative to 50d attenuation.

Calling seauence:
A5OFCC (F)

Contained in module: BUTFIL 0

Called bu: FCCNSK, FUNBW

Calls: PSPEC

Input arguments:
F R*4 Frenuenc relative to the center of the band

normalized to the symbol rate.

Output arguments:
A5OFCC R*4 Filter attenuation at normalized freouenrv F relative

to 5OdB attenuation. 0

Global variables input from common:
FCTX /BUTPAR/ R*4 BUTF'AR.INC

Normalized 3dB cut-off freatencv of transmitter
filter.

IFILTX /BUTPAR/ 1*2 BUTPAR.INC
Transmitter filter indicator.

0 = MD-918 transmitter filter. Also means
filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eijal to svmbol duration,

I = AN/TRC-170 transmitter filter. Also means
filter is a cascade of Butterworth filter
with rectangular impulse response filter
of duration eaual to half svmbol duration.

2 = (not allowed)
NPOLTX /BUTPAR/ 1*2 BUTPAR.INC

Number of Poles in the transmit Butterworth filter. S

PENERG /BUTPAR/ R*4 PUTPAR.INC
Normalized energy of filter.

RSDB /9UTPAR/ R*4 BUTPARINC
10 times the base 10 logarithm of the s~imbol rate

minus 60.

. .. ,
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Subroutine BUTFIL

8.2 BUTFIL

Subprogram name: Subroutine BIJTFIL

Purpose: Calculate filter related Parameters for MD-918 and TRC-170
modems.

f

Calling seouence:
CALL BUTFIL (DRATEPBWIBWTAPWTAU22,JPDW1PJBW1,
FJSEPPHODSII,HODPATTRCTYP)

Contained in module: BUTFIL

Called bu: TROPO

Calls: BWJAN, FUNJAN, PEAKt PSPEC1, PSPEC2, SAHPLE, SPEC1, SPFC2

Input arguments:
DRATE R*4 Data rate in bits/second.
BW R*4 Signal bandwidth in Hertz.
I3W 1*2 RF bandwidth filtering constraint indicator:

0 = no constraint
1 = 992 bandwidth constraint
2 = FCC 19311 mask
3 = user supplied

TAPW R*4 MD-918 AFE normalized tap spacing.
TAU22 R*8 RMS delaw spread of troPoscatter signal in lower beam

in nanoseconds.
JPOW1 R*8 Interfering signal Power densitv in dBm/Hz.
JBW1 R$8 Interfering signal bandwidth in Hertz.
FJSEP R*4 Freauencw separation between desired signal and

interference signal in Hertz.
ODSI1 1*2 Interference modulation tvPe indicator:

0 = FDH/FM
1 = OPSK

MODPAT 1*2 Indicates whether or not to calculate modem
Performance.

0 = Propagation onlv
1 = Propagation + MD-918 modem
2 = Propagation + TRC modem
3 a Propagation + user supplied modem

TRCTYP R*4 AN/TRC-170 modem tvee indicator:
0 = 1 freouencv DAR modem
1 2 freeuenry AN/TRC-170

Output arguments:
BW R*4 992 bandwidth of transmit filter specified b4 user

(IBW = 3) in Hertz.

Global variables input from common:

" :".... . . ."
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Subroutine BUTFIL

LERR /LUNS/ 1*2 LUNS.INC
Error output unit.

LOUT /LUNS/ 1*2 LUNS.INC
FOROO2.DAT output unit number.

NPOLRX /BUTPAR/ R*4 BUTPAR.INC
Number of Poles in the receive Butterworth filter.

NPOLTX /BUTPAR/ 1*2 BUTPAR.INC
Number of Poles in the transmit Butterworth filter.

NTR /RZ4/ 1*2 RZ4.INC
Number of samples for calculating transmit-receive
filter impulse response (TRFILT). 0

PENERG /BUTPAR/ R*4 BUTPAR.INC
Normalized energv of filter.

PI /CONSTA/ R*4 CONSTANTS.INC
Constant Pi = 3.141592654.

PJ /JAMPAR/ R*4 JAMPAR.INC
Normalization constant for interference calculations. 0

RCOR(32) /RZ4/ R*4 RZ4.INC
Correlation function of the receive filter in steps
eeual to the tapwidth (TAPW) for HD-918 modem, or
eeual to I/RATE for AN/TRC-170 or DAR modem.

Global variables output to common. 0

CONJAN /JANPAR/ R*4 JAMPAR.INC
Interference constant.

FCON /BUTPAR/ R*4 BUTPAR.INC
Ratio of bandwidth to twice the svmbol rate.

FCRX /BUTPAR/ R*4 BUTFAR.INC
Normalized 3d8 cut-off freouenci of receiver filter.

FCTX /BUTPAR/ R*4 BUTPARINC
Normalized 3dB cut-off freauencw of transmitter
filter.

FJSEPN /JAMPAR/ R*4 JAMPAR.I."
Normalized freouencu separation between the
interference signal and the desired signal. 0

ICON /BUTPAR/ 1*2 BUTPAR.INC
I = 99% bandwidth constraint
2 = FCC-13911 bandwidth constraint

IFILRX /BUTPAR/ 1*2 BUTPAR.INC
Receiver filter indicator.

0 = MD-918 receiver filter. Also means
filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eoual to svmbol duration.

I = (not allowed)
2 = AN/TRC-170 receiver filter. Also means

filter is a Bitterworth. .
IFILTX /BUTPAR/ 1*2 BUTPAR.INC

Transmitter filter indicator.
0 = MD-918 transmitter filter. Also means

Si
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Subroutine PUTFIL

filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eeual to svmbol duration.

1 = AN/TRC-170 transmitter filter. Also means
filter is a cascade of Butterworth filter
with rectangular impulse response filter
of duration eaual to half svmbol duration.

2 = (not allowed)
JBW /JAMPAR/ R*4 JAMPAR.INC

99Z interferer bandwidth in MHz.
JPOW /JAIPAR/ R*4 JAMPAR.INC

Interferer Power densitv in dBm/Hz: -174 or less
denotes no interference. Default is -1000 dBm/Hz.

MODSG /JAMPAR/ 1*2 JAMPAR,INC
Interference signal modulation format. Default is 1.

0 = Analog FDM / FM
I = Digital OPSK

NJR /RZ4/ 1*2 RZ4.INC
Number of sample Points for RJCOR.

PEAKAV /RZ4/ R*4 RZ4,INC
Peak-to-average loss due to RF filtering in dD.

RJCOR(129) /RZ4/ R*4 RZ4.NC
Correlation function of interferer-receiver filters at

RATE Points Per symbol interval.
RSDB /BUTPAR/ R*4 BUTPAR.INC

10 times the base 10 logarithm of the svmbol rate
minus 60.

SNRBW /RZ4/ R*4 RZ4.INC
Signal to noise ratio adjustment for AN/TRC-170 due to
limited receive filter bandwidth.

SNRF2 /RZ4/ R*4 RZ4,JNC
Parameter to ad-just the signal to noise ratio for
degradation due to interference from another
freauenev. Only for 2-freJencw AN/TRC-170 modem.

SNRJAM /RZ4/ R*4 RZ4.INC
Parameter to adjust the signal to noise ratio of
AN/TRC-170 for degradation due to colocated/adJacent
channel interference.

TRFILT(128) /RZ4/ R*4 RZ4.JNC
Transmit-receive filter impulse response.

XTRO /RZ4/ R*4 RZ4.INC
Time origin for transmit-receive filter impulse
response (TRFILT), ie, X is TRFILT(X+XTRO).

XTRINC /RZ4/ R*4 RZ4.INC
SamPle interval for calculation of transmit-receive
filter impulse response (IRFILT).

-S

S:i i:i:
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Subroutine VWJAM

8*3 DUJAM

Subprogram name: Subroutine BWJAM

Purpose: Specifv Power spectrum for interference and calculate transmit -

filter and receive filter Parameters. Calculate number of Poles and
3dB cut-off freouenc4 of transmit and receive filters for specified
bandwidth constraint.

Calling seouerce:

CALL BWJAh (MODPATTRCTYPFLOWERFUPPERNLOWERNUPPER, IBW,BWSRATE) 0

Contained in modjle: BUTFIL

Called bv: BUTFIL

Calls: ENRGF, FUNBW, FUNJAM, RTMI, SEARCH 0

Input arguments:
MODPAT 1*2 Indicates whether or not to calculate modem

Performance.
0 = Propagation onl.
I = Propagation + MO-918 modem 
2 = Propagatiorn + TRC modem
3 = Propagation + user supplied modem

TRCTYP R*4 AN/TRC-170 modem tvPe indicator:
0 = I freauencv BAR modem
1 = 2 freouencv AN/TRC-170

FLOWER R*4 Smallest normalized cut-off freauency of interest for 6
Butterworth filter.

FUPPER R*4 Largest normalized cut-off freauencv of interest for
Butterworth filter.

NLOWER 1*2 Smallest number of Poles of interest for Butterworth
filter.

NUPPER 1$2 Largest number of Poles of interest for Butt.erworth 0
filter.

IBW 1*2 RF bandwidth filtering constraint indicator:
0 = no constraint
1 = 99% bandwidth constraint
2 = FCC 19311 mask
3 = user supplied 0

BW R*4 Signal bandwidth in Hertz.
SRATE R*4 Symbol rate in sumbols/second.

Output arguments:

Global variables input from common: -
FCTX /BUTPAR/ R$4 BUTPAR.INC

Normalized 3d cut-off freauencw of transmitter
filter.

-.., . . . .

• .. - . .*- . . .... . . . . .
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Subroutine BWJAN

IFILTX /BUTPAR/ 1*2 BUTPAR.INC
Transmitter filter indicator.

0 = MD-918 transmitter filter. Also means

filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eaual to symbol duration.

1 AN/TRC-170 transmitter filter. Also means
filter is a cascade of Butterworth filter
with rectangular impulse response filter
of duration eaual to half symbol duration.

2 = (not allowed)
JBW /JAMPAR/ R*4 JAMPAR.INC

99Z interferer bandwidth in HHz.
JPOW /JAMPAR/ R*4 JAHPARINC

Interferer Power densitv in dBm/Hz: -174 or less
denotes no interference. Default is -1000 d)m/Hz.

LERR /LUNS/ 1*2 LUNS.INC
Error outpeit unit.

MODSG /JAMPAR/ 1*2 JAMPAR.INC
Interference signal modulation format. Default is 1.

0 = Analog FPM / FM
1 = Digital OPSK

PENERG /BUTPAR/ R*4 BUTPAR.INC 0
Normalized energy of filter.

Global variables output to common:
CONJAM /JAMPAR/ R*4 JAMPAR.INC:

Interference constant.
FCJ /JAMPAR/ R*4 JAMPAR.INC

Normalized 3dB cut-off freakiencw of OPSK interference
filter.

FCON /BUTPAR/ R*4 BUTPAR.INC
Ratio of bandwidth to twice the svmbol rate.

FCRX /BUTPAR/ R*4 BUTPAR.INC
Normalized 3dB cut-off freouency of receiver filter.

FRI /JAMPAR/ R*4 JAMPAR.INC
hodulation index for FDM/FM interference.

ICON /BUTPAR/ 1*2 BUTPAR.INC
I = 99% bandwidth constraint
2 = FCC-13911 bandwidth constraint

NPOLJ /JANPAR/ 1*2 ,JAMPAR.INC
Number of Poles in the OPSK interference filter.

NPOLRX /BUTPAR/ R*4 BUTPAR.INC
Number of Poles in the receive But.terworth filter.

NPOLTX /BUTPAR/ 1*2 BUTPAR.INC
Number of Poles in the transmit. Bttterworth filter.

PJ /JANPAR/ R*4 JANPAR.INC
Normalization constant for interference calculations.

WFM /JANPAR/ R*4 .JANPAR.INC
Normalization constant for FDM/FM interference.

0
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ibroutine ENROF

8.4 ENRGF

Subprogram name: Subroutine ENRGF

Purpose: To calculate 'enerlv' of cascade of Butterworth filter and
filter with rectangular impulse response by integrating Power
spectrum of the cascade of the two filters.

Calling seauence:
CALL ENRGF (NPOLEFCUT,IFILTiFENERGFlNCRIERR)

Contained in module: BUTFIL

Called bu: BWJAM, FUNBW, FUNJAM

Calls: PSPEC

Input arguments:
NPOLE 1*2 Number of Poles of Butterworth filter.
FCUT R*4 Normalized 3-dB cut off frecJencv of Butterworth

filter.
IFILT 1*2 Rectangular impulse response filter duration fla'.

0 = symbol duration
I = half-symbol duration
2 = no rectanqiar impulse response filter

FINCR R*4 Normalized freouencv increment for integration,

Output arguments:
PENERG R*4 Energv of cascade ot the two filters.
IERR 1*2 Error flag: 0 = no error; I = integral did not

converge.

-7:• ." . .". .
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broutine FCCMSK

8*5 FCCMSK

Subprogram name: Subroutine FCCMSK

Purpose! To compare filter attenuation as a function of freauiencw with
FCC 19311 mask.

Callinq seauence:

CALL FCCMSK (NIN2vN3fIERR)

Contained in module: BUTFIL

Called bg' FUNBW

calls: A50FCC

Input arguments: 4
MI 1*2 Number of freauencies to be tested in flat 50 dB

region.
M2 1*2 Number of freauencies to be tested ir, linear

attenuation region.
N3 1*2 Number of freauencies to be tested in flat 80 dB

region.*

Output arguments:
IERR 1*2 Error flag.

Global variables inpuit from common:
F50L /BUTPAR/ R*4 BUTPARINC -

50d8 normalized corner treatuencv.
RSDB /BUTPAR/ R*4 BUTPAR.INC

10 times the base 10 lomarithm of the svebo1 rate
minus 60.
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-outine FFT

8*6 FFT

Subprogram name: Subroutine FFT

Purpose: Fast Fourier transform.

Reference: Oppenheim, Shaffert Digital Signal Processing, P.332.

Calling seauence:
CALL FFT (XHINDEX)

Contained in module: BUTFIL

Called bvA SAMPLE

Calls: NONE

Input arguments:
X(128) C*8 Input seouence.
M 1*2 Log base 2 of number of Points in the transform.
INDEX 1*2 Processing switch:

1 Direct FFT
-1 : Inverse FFT

Output arguments:
X(128) C*8 Output (fourier transformed) senuence.

Global variables input from common:
PI /CONSTA/ R*4 CONSTANTS.INC @

Constant Pi 3.141592654.

S

S

-S

• : .: . . ....- -. --: . --. .. .. -, - ... .- -.: .. -, ' .. .. .. _ , .:. .. .. .: .: ... . . . -. ... . ...

• " " - " - ' '' " ' '' " ' • - , " , • "-" , :" -" - , - . .."- " , " " ' " _" -" ." - - ," -" .'. -'.



7RWORTH FILTER CALCULATIONS Page 8-14
ion FUNBW

8.7 FUNBW

Subprogram name: Function FUNW-

Purpose* To determine whether Butterworth filter with normalized cut.-
off freauencv FC meets 99% or FCC 19311 bandwidth constraint
(FUNBW < 0) or not.

Calling seouenre
FUNBW (FC)

Contained in module: BUTFIL

Called bv: BUTFIL, Bb'JAM

Calls: ASOFCC, ENR13F, FCCMSK, INTERB, PSPEC

Input arguments:
FC R*4 Normalized cut-off freouencw of Butterworth filter.

Output arguments:
FUNBW R*4 Flags whether Butterworth filter with normalized cut-

off freouenc FC meets 99Z or FCC 19311 bandwidth 0
constraint (FUNBW < 0) or riot.

Global variables input from common:
FCON /BUTPAR/ R*4 BUTFAR.INC

Ratio of bandwidth to twice the svmbol rate.
ICON /BUTPAR/ 1*2 BUTPAR.INC

I = 99% bandwidth constraint
2 = FCC-13911 bandwidth constraint

IFILTX /BUTPAR/ 1*2 BIJTPAR.INC
Transmitter filter indicator.

0 = MD-918 transmitter filter. Also means
filter is a Butterworth cascsded with a
rectangular impulse response filter of
duration eaual to svmbol duration.

I AN/TRC-170 transmitter filter. Also means
filter is a cascade of Butterworth filter -

with rectangular impulse response filter
of duration eoual to half sqmbol duration .

2 (not allowed)
NPOLTX /BUTPAR/ 1*2 BUTPAR.INC

Number of Poles in the transmit Butterworth filter.
PENERG /UTPAR/ R*4 BUTPAR.JNC

Normalized eneriw of filter.

Global variables output to common:
F5OL /BUTPAR/ R*4 BUTPAR.IN- .

5OdB normalized corner freouencv.

. . .. " , .
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ion SPEC

S

8.18 SPEC

Subprogram name: C*8 Function SPEC

Purpose: Evaluate the spectrum (Fourier transform of impulse response) •
at normalized freouencv F of the cascade of a Butterworth filter and a
filter with a rectangular impulse response.

Calling seauence:
SPEC (FNPOLEFCUT,IFILT)

Contained in module: PUTFIL

Called bv: SPECI, SPEC2

Calls: NONE

Input arguments:
F R*4 Freauenci relative to the center of the band

normalized to the svmbol rate.
NPOLE 1*2 Number of Poles of Butterworth filter.
FCUT R*4 Normalized 3dB cutoff freour, cv of Butterworth filter.
IFILT 1*2 Rectangular impulse response filter duration f] : S

0 = svmbol duration
1 = half-svmbol duration
2 = response of filter is an impulse

Output arguments:
SPEC C*8 Spectrum (Fourier transform of impulse response) -

at normalized freouenev F of the cascade of a
Butterworth filter and a filter with a rectangular
impulse response,

Global variables input from common:
PI /CONSTA/ R*4 CONSTANTS.INC S

Constant Pi = 3.141592654.

* *1
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)routine SEARCH

8.17 SEARCH

Subprogram name: Subroutine SEARCH

Purpose: Specify a Butterworth filter with NPOLE Polest where
NLOWER < NPOLE < NUPPER and 3dB cut-off freauenc F(.UT is
FLOWER < FCUT < FUPPER to satisfy the constraint FUN < 0 and to
mimimize a Pulse duration criterion.

Calling seeuence:
CALL SEARCH (IFUNFUNFLOWERFUPFERNLOWERNUPF'ERFCUT, NPOLEIERR)

Contained in module: BUTFIL

Called by: BWJAM

Calls: RTNI FUNJAM FUNBW

Input arguments:
IFUN 1*2 Process switch:

1 = specify transmit filter Parameters
2 = specify receive filter Parameters

FLOWER R*4 Lower limit for cut-off frenuencv, FCUT.
FUPPER R*4 Upper limit for cut-off freoJencY, FCUT.
NLOWER 1*2 Lower limit for number of Poles, NFOLE.
NUPPER 1*2 Upper limit for number of Poles, NPOL.E.
FUN R*4 Function name:

For IFUN = 1, FUN = FUNBW
For IFUN = 2P FUN = FUNJAH

Output arguments:
FCUT R*4 3-dB cut off freauencw of Butterworth filter.
NPOLE 1*2 Number of Poles of Btutterworth filter.
IERR 1*2 Error flag:

0 = no error
1 = FLOWER is too large
2 = FUPPER is too small
3 = no solution found

Global variables input from common:
LERR /LUNS/ 1*2 LUNS.INC

Error output unit.
PI /CONSTA/ R*4 CONSTANTS.IN;

Constant Pi = 3.141592654.

Global variables output to common:
NPOLRX /BUTPAR/ R*4 BUTPAR.INC 0

Number of Poles in the receive Butterworth filter.
NPOLTX /BUTPAR/ 1*2 BUTPAR.INC

Number of Poles in the transmit Butterworth filter.

*

~~A
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S

8.16 SAMPLE

Subprogram name'. Subroutine SAMPLE

Purpose: Calculate impulse response of filter with spectrum (Fourier
Transform of impulse response) WFtJN.

Calling seauence:
CALL SAMPLE (USAMPLWFUNPRATEMN.MMAXTMAXPFMAXgNSMPLt IERR)

Contained in module: BUTFIL

Called bv: BUTFIL

calls: FFT

Input arguments!
RATE R*4 Sampling rate in samples/unit of time.
tIMIN 1*2 Log base 2 of minimum FFT leng4th to be considered.
MMAX 1*2 Log base 2 of msximum FFT length to be considered.
THAX R*4 Maximum length of implulse response.
FMAX R*4 Maximum freauericv in spectrum.

Output arguments:;
WSAMPL(128) R*4 Impulse response.
WFUN (1*8 Spectrum function name.
NSMPL 1*2 Number of samples in impulse response.
IERR 1*2 Error flag: 0 =no error; 1 inadeauate FFT

length.

S

S

-S

S
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8.15 RTMI

Subprogram name: Subroutine RTMI

Purpose'. IBM SSP Librarv routine. RTMI solve~s the 4eneral nonlinear 0

eauation of the form FCN(>x) = 0 bv Newton's iteration met-hod.

Calling seauence:
CALL RTI (XyFqFCTqXLIPXRIrE'SqTFNI'PlER)

Contained in modie? BUTFIL 0

Called. bu: BWJA1, SEARCH

Calls: NONE

Input arguments:
FCT R*4 Name of external subroutine used. It computes

to liven argument X and function value F. Parameter
list must be Xt F.

XLI R*4 Smallest value of X.
XRI R*4 Largest value of X.
EPS R*4 Inpoit value that specifies the upper bound of the

error of result X.
IEND 1*2 Maximum number of iteration steps specified.

Output arguments:
X R*4 Resultant root of eauation f(x) = 0.
F R*4 Resultant function value at root X.
IER 1*2 Resultant error code:

0 = No error.
I = No convergence after lEND iteration steps.
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Pi /CONSTA/ R*4 CONSTANTS.INC
Constant Pi =3,141592654.

WFM /JAMPAR/ R*4 JAIPARINC
Norealization constant for FDII/FM interference.

0-
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0

8.14 PSPJ

Subprogram name: Function PSPJ

Purpose: Power spectrum of interferer at freouencv F.

Calling seauence:
PSPJ (F)

Contained ir module: BUTFIL

0
Called bv: FUNJAM, PSPEC2, PWRSPC

Calls: PSPEC

Input arguments:
F R*4 Freouencv relative to the center of the band

normalized to the svmbol rate.

Output arguments:
PSPJ R*4 Power spectrum of interferer at frenuenct F.

Global variables input from common:
FCJ /JAMPAR/ R*4 JAMPARINC

Normalized 3dB cut-off freauence of QPSK interference
filter.

FCTX /BUTPAR/ R*4 BUTPAR.INC
Normalized 3dB cut-off freouenc of transmitter
filter.

FMI /JAHPAR/ R*4 JAMPARINC
hodulation index for FDM/FM interference,

IFILTX /BUTPAR/ 1*2 BUTPARINC
Transmitter filter indicator.

0 = HD-918 transmitter filter. Also means
filter is a Butterworth cascaded with a S
rectangular impulse response filter of
duration eeual to swmbol duration.

I AN/TRC-17O transmitter filter. Also means
filter is a cascade of Butterworth filter .
with rectangular impulse response filter . -.

of duration eaual to half svmbol duration,
2 = (not allowed)

MODSG /JAMPAR/ 1*2 JAHPAR.INC
Interference signal modulation format. Default is 1.

0 = Analog FDM / FM
I = Digital OPSK

NPOLJ /JAMPAR/ 1*2 JAMPARINC
Number of Poles in the UPSK interference filter.

NPDLTX /DIJTPAR/ 1*2 BUITPAR.INC
Number of Poles in the transmit Butterwnrth filter.

............ -. .~7 7 -,- ..77 *... ...... .....
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8*13 PSPEC2

Subprogram name: C*8 Function PSPEC2

Purpose: To calculate Power spectrum of interferer-receiver filters at
normalized freauencj F.

Calling seeuence:
PSPEC2 (F)

Contained in module: BUTFIL 0

Called bv: BUTFIL

Calls: PSPEC, PSPJ

Input arguments:
F R*4 Freauenc relative to the center of the band

normalized to the svmbol rate.

Output arguments:
PSPEC2 C*8 Power spectrum of interferer-receiver filters at

normalized freauencw F.

Global variables input from common:
FCRX /BUTPAR/ R*4 BUTPAR.INC

Normalized 3dB cut-off frepaopncv of receiver filter.
FJSEPN /JAMPAR/ R*4 JAMPAR.INC

Normalized freauencv separation between the
interference signal and the desired signal.

IFILRX /BUTPAR/ 1*2 BIJTPAR.INC
Receiver filter indicator.

0 M ND-918 receiver f~iter. Also means
filtpr is a Butterworth cascaded with a
rectengular impulse response filter of
duration eaual to svmbol duration.

1 = (not allowed)
2 = AN/TRC-170 receiver filter, Also means

filter is a Butterworth.
NPOLRX /1UTPAR/ R*4 BUTPARINC

Number of Poles in tiie receive Butterworth filter.

S ~iii
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8.12 PSPEC1

Subprogram name: C*8 Function PSPEC1

Purpose: To calctulate Power spectrum of receiver filter at normalized
freeuencv F.

Calling seouence:

PSPEC1 (F)

Contained in module: BUTFIL

Called bw: BUTFIL

Calls: PSPEC

Input arguments:
F R*4 Freauencv relative to the center of the band

normalized to the svmbol rate.

Output arguments:
PSPEC1 C*8 Power spectrum of receiver filter at normalized

freeuencv F.

Global variables input from common..
FCRX /BUTPAR/ R*4 BUTPAR.INC

Normalized 3dB cut-off freoutencv of receiver filter.
IFILRX /BUTPAR/ 1t2 BUTPAR.INC

Receiver filter indicator.
0 = MD-918 receiver filter. Also means

filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eaual to svmbol duration.

1 = (not allowed)

2 AN/TRC-170 receiver filter. Also means
filter is a Butterworth.

NPOLRX /DUTPAR/ R*4 PUTPAR.INC
Number of Poles in the receive Butterworth filter.

.. . _ ( _ =__. ' _: : ," . . - - . . . . . , . .- .- - '-' - - . • .. . . . .. ., . , ', .' . . ." .- -. . .6.

... . := -- ,.-,t d ml..., ,.=, = - • , . , . . : . . : . . _ '. - .- .. -. _



00

BUTTERWORTH FILTER CALCULATIONS Page 8-19
Function PSPEC

8.11 PSPEC

Subprogram name: Function PSPEC

Purpose: To calculate Power spectrum of cascade of Butterworth filter 0
with rectangular impulse response filter at normalized freauenc F.

Calling seauencel
PSPEC (FNPOLEFCUTIFILT)

Contained in module: BUTFIL 0

Called bv: A5OFCC, ENRF, FUNBW, FUNJAH, PSPEC1, PSPEC2, P8PJ, FWRSPC

Calls: NONE

Input arguments!
F R*4 Freauencw relative to the center of the band

normalized to the s'mbol rate.
NPOLE 1*2 Number of Poles of Butterworth filter.
FCUT R*4 Normalized 3-dB cut off freouence of Butterworth

filter.
IFILT 1*2 Rectangular impulse response filter duration flag:

0 = svmbol duration
1 = half-svmbol duration

2 = impulse response is an impulse,

Output arguments:
PSPEC R*4 Power spectrum of cascade of Butterworth filter .

with rectangular impulse response filter at normalized
freouenc F.

Global variables input from common:
P1 /CONSTA/ R*4 CONSTANTS.INC

Constant Pi = 3.141592654, 0

V
"' •

'r "  : --:" -i-S
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8.10 PEAK

Subprogram name: Subroutine PEAK

Purpose' To calciulate the Peak of the transmitted waveform impulse
response.

Calling seauene?
CALL PEAK (XMAXPItIAXPXoN)

Contained in module: BUTFIL

Called bv: BUTFIL

Calls'. NONE

Input arguments'.S
X(N) R*4 Impulse response of transmitted waveform. Dimensioned

to 128.
N 1*2 Number of samples in impulse response. Msximum is 128.

Output arguments!
XMAX R*4 Peak value of impulse response.
IMAX 1*2 Index of Peak sample.
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8.9 INTERB

Subprogram name: Subroutine INTERD

Purpose: Linear interpolation in a table of N Pairs (XXYY).

Calling sesuence:
CALL INTERB (YPXYYPXXPNIERR)

Contained in module: BUTFIL

Called bu: FUNBW 0

Calls: NONE

Input arguments:
X R*4 Value of x-coordinate for which v-coordinate is

desired.
YY(N) R*4 Tabulated values of v-coordinate corresponding to

tabulated x-coordinate. Dimensioned to 30.
XX(N) R*4 Tabulated value of x-coordinate ir, decreasing order.

Dimensioned to 30.
N 1*2 Number of tabulated values over which interpolation

is to be Performed. Maximum is 30.

*Output arguments:
Y R*4 Value of v-coordinate corresponding to >-coordinate.
IERR 1*2 Error flag:

0 = no error
5 = x-coordinate value greater than largest

tabulated value
6 = x-coordinate value less than smallest

tabulated value

0 0

• " .....
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8.8 FUNJAM

Subprogram name: Function FUNJAII

Purpose: To determine whether adjacent channel interference Power within
receiver bandwidth, calculated bv integrating over the Product of the
interference Power spectrum and the receiver filter Power spectrum,
degrades the SNL by less than 1 dB.

Calling seauence:
FUNJAM (FC)

Contained in module: BUTFIL

Called bv: PUTFIL, BWJAM

Calls: ENRGF, PSPEC, PSPJ

InPut arguments:
FC R*4 Normalized cut-off freeuencu of Butterworth filter,

Output arguments:
FUNJAH R*4 Flags whether adjacent channel interference Power

within receiver bandwidth degrades the SNL bv less
than I dB.

Global variables input from common:
CONJAM /JAMPAR/ R*4 JAMPAR.INC

Interference constant.
FJSEPN /JAMPAR/ R*4 JAMPAR.INC

Normalized freatiencv separation between the
interference signal and the desired signal,

IFILRX /BUTPAR/ 1*2 BUTPAR.INC
Receiver filter indicator.

0 = MD-918 receiver filter. Also means
filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eaual to stmbol duration.

1 = (not allowed)
2 = AN/TRC-170 receiver filter, Also means

* filter is a Butterworth.
NPOLRX /BUTPAR/ R*4 BUTPARINC

Number of Poles in the receive Butterworth filter.
PJ /JAMPAR/ R*4 ,JAMPAR.INC

Normalization constant for interference calculations,

. .,. ... °
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Function FUNDW

FCTX /BUTPAR/ R*4 BUTPAR.INC
Normalized 3dB cut-off freauencw of transmitter
filte r.



BUTTERWORTH FILTER CALCULATIONS Page 8-29
Function SPECI

*8 0

8.19 SPEC1

- Subprogram name: C*8 Function SPECl

Purpose: Evaluate the spectrum (Fourier transform of impulse response)
at normalized freauencw F of the receiver filter.

Calling seouence:
SPECI (F)

.4 Contained in module: BUTFIL •

Called bw BUTFIL

Calls: SPEC

0 Input arguments:
F R*4 Frenuenc relative to the center of the band

normalized to the symbol rate.

Output arguments:
SPECI C*8 Spectrum (Fourier transform of impulse response)

at normalized freo'senc F of the receiver filter.

Global variables input from common#
FCRX /BUTPAR/ R*4 BUTPAR.INC

Normalized 3dB cut-off freouenct of receiver filter.
FCTX /BUTPAR/ R*4 BUTPAR.INC

Normalized 3dB cut-off freouencv of transmitter
filter.

IFILRX /BUTPAR/ 1*2 BUTPAR.INC
Receiver filter indicator.

0 = MD-918 receiver filter. Also means
filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eaual to symbol duration.

I = (not allowed)
2 = AN/TRC-170 receiver filter. Also means

filter is a Butterworth.
IFILTX /BUTPAR/ 1*2 BUTPAR.INC

Transmitter filter indicator.
0 = MD-918 transmitter filter. Also means

filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eaual to svabol duration.

I = AN/TRC-170 transmitter filter, Also means
filter is a cascade of Butterworth filter
with rectangular impulse response filter
of duration eeual to half svmbol duration.

2 = (not allowed)

2-"--, , . . .. ... .: ... ,-,..... -,....... ... ,. .. . .. .,-
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NPOLRX /BUTPAR/ R*4 BUTPAR.INC
Number of Poles in the receive Butterworth filter. --

NPOLTX /TFA/1*2 BUTPAR.INC
Number of Poles in the transmit Butterworth filter.-
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8.20 SPEC2

Subprogram name: C*8 Function SPEC2

Purpose: To calculate the spectrum (Fourier transform of impulse
response) at normalized freauenc F of the transmitter filter.

Calling seauence:
SPEC2 (F)

Contained in module: BUTFIL

Called by: BUTFIL

Calls: SPEC

Input arguments:
F R*4 Freauencu relative to the center of the band

normalized to the symbol rate.

Output arguments:
SPEC2 C$8 Spectrum (Fourier transform of impulse response) at

normalized freouency F of the transmitter filter. •

Global variables inpiJt from common:
FCTX /BUTPAR/ R*4 BUTPAR.INC

Normalized 3dB cut-off freauencw of transmitter
filter.

IFILTX /BUTPAR/ 1*2 BUTPAR.INC
Transmitter filter indicator.

0 = MD-918 transmitter filter. Also means
filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eatial to symbol duration.

I - AN/TRC-170 transmitter filter. Also means
filter is a cascade of Butterw orth filter
with rectangular impulse response filter
of duration eattal to half symbol duration. -

2 = (not allowed)

NPOLTX /BUTPAR/ 1*2 BUTPAR.INC
Number of Poles in the transmit Butterworth filter. D

................................................. o...,....
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CHAPTER 9

MD-918 MODEM CALCULATIONS

A O

This section describes the MD-918 modem Performance calculation routines:

User's Manual
0Name Description section

DERCAL Short term Performance
calculation . ... .. 2.8*1

DOTAC Interference covariance
matrices ......... 2.891

CAC Cascade of filter and channel
Power impulse response # # # NA

CAJI Thermal noise covariance matrix NA-
CAKL Signal covariance matrix C(KPL) NA
CHANUE Matrix utilitq # . # # NA
DINT Double integration ..... NA
EIOEN Eigenvalues and eigenvectors + 2.8.1
ELMES Matrix conditioner # # # # # o 2.9#4
ERLANG Butterworth filter calcuilation NA
HOR Eigenvalues # 2.9.4
JANCOM Interference covariance matrix NA
MATA Matrix multiplication # # # . # NA
MATCO Covariance matrices # . # # # NA
MDTS MD-918 modem Performance # o # 2.8
MINV Matrix inversion .,.. NA
ORDER Order values in vector . . . . NA
PDFCON Coefficients of PDF .... .2+8.1.3

PROUT Print out outages and DER . . . NA
PSINE Sine Product 0 . # 0 4 # . * , NA
PWRSPC Power spectrum -receiver-

interferer # 2#7#3
RJCFCN Receiver-interferer correlation

function e . 2#7s3
SASEG Chip seouence . o # o # o # e. NA .-

SIGIN Set Parameters # # 9 # # . . a NA

SINC SINC function . . . . . o . NA I

SOTMT Mtrixso'areroot . .. . . .8.

............................................................
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TPSPEC Power spectrum - Butterworth # 2.7
TPSPJ Power spectrum - interferer . 2,7.3
TSINC Triangle and SINC convolution . NA
XNOR Gaussian P[IF . . . .. . . . NA

The main routine for this section is IiDTS. The MID-918 calculations are
described in section 2.8 of the User's Manua).

Figure 2-5 is a top level flowchart for MD-918 modem Performance
calculations at a functional level. In most cases the blocks correspond to one
or more subprograps. The test blocks (diamonds) correspond to lolical branches-
which are decided bw the user's choices of input data. 0

NOTE

In most cases the sections in the User's Manual describe the coded
eauations as well as the theorv behind them. NA denotes routines that
are Programming utilities such as finding indicest setting pointersy
etc.
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9.1 DERCAL

Subprogram name: Subroutine BERCAL

PurPose: BERCAL computes the outage ProbabilitH, fade outage Per call
minute, average bit error rate and 1000-bit block error Probabilitv as
a function of mean hourt4 scatter SN, specular component SNR, DSHR,
for the MD-918 modem, This version accounts for decorrelation of long
term fading of main and elevated beams,

Reference: P. Monsen 'Theoretical and measured Performance of a DFE
modem on a fading matltipath channel.', IEEE Transactions on
Communications, Vol. COM-25, No. 10, October, 1977, pp. 1144-1153.

Calling seouence:
CALL BERCAL(VJ4,JPOWJSRCRATE,IBERSNk,U,B'UT,ABE,
SOUTNOUTVFK3,K6,ASNRSTSNRFOUTCGAINCORFACIFPKAV,
XSCATXDIFR,6,DSNRADSNRDSTSNRPTYPEIFDSNR) -

Contained in module: BERCAL

Called bv: MDTS

Calls: ERLANG PDFCON XNOR

Input arguments:
VJ4 R$4 Gain of strongest implicit diversitv branch

of elevated beam.
JPOW R*8 Interferer Power densitv in dBm/Hz. If JPOW is

less than -174 dBa (backnround noise level),
BERCAL assumes no interference.

JSR R*8 Interferer to signal Power ratio in dB.
CRATE R*4 Code rate.
IDER 1*2 Integer counter used to indicate the

completion of averaging over distributions of
SNR and DSNR (IBER = 2).

SNR R*4 Mean hourly SNR in dk at which outage
Probabilitu is to be calculated.

F R*4 Scatter SNR as a ratio. Includes modem
degradation,

K3 1*2 Pointer, with K6, to blocks of eigenvalues,
K6 1*2 Pointer, with K3, to blocks of eiienvalsies.
ASNR R*4 Mean of long term distribution of scatter SNR

(Eb/No) in dB#
STSNR R*4 Standard deviation of long term distribution

of scatter SNA (Eb/Ho) in dD,
CGAIN(3) R*4 Coding gain for each BER threshold.
CORFAC R*4 Correction factor for STSNR due to

decorrelation of long term variabilitv for
angle diversity,

,. **~-.****-**.*:.-:..,
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IFPKAV 1*2 Switch to Print outage probability as a
function of Peak scatter SHR (EP/No) when
IFPKAV = 1, or average scatter SNR (Eb/No)
when IFPKAV = 0.

XSCAT R*4 Scatter SNR as a fraction of total Power.
XDIFR R*4 Specular component SHR as a fraction of total S

Power#
6 R*4 Specular component SNR as a ratio.
DSNR R*4 Specular component SHR in db.
ADSNR R*4 Mean of long term dis.ribution of specular

component SNR in d.
DSTSNR R*4 Standard deviation of long term distribution

of specular component SNR in dB.
PTYPE 1*2 Indicates whether Path is Pure scatter

(PTYPE = 0) or mixed scatter/diffraction
(PTYPE = 1).

IFDSNR L*4 Flag indicating which values of DSNR to output,

Output arguments:
U(49) R*4 Eigenvalues which are the gains of the

implicit diversity Paths. The first three
gains correspond to the main beam Path.

BOUT(3,4) R*4 Yearly average outage Probabilities for
the different BER thresholds and diversity S

configurations specified (see table).
ABE(4) R*4 Yearly average 1000-bit block error

Probability for each diversity configuration
specified (see table).

SOUT R*4 Normalization constant for averaging over .
yearly distribution of SNR and DSNR.

NOUT R*4 Number of terms in numerical integration
over distribution of SNR and DSNR.

V(196) R*8 Inverse of SNR Per implicit diversity,
FOUT(3,4) R*4 Yearly average fade outage Per call minute

for the different BER thresholds and diversity
configurations specified (see table). S

Global variables input from common:
APOW /MCON4/ R*4 MCOMINC

Angle diversity seuint loss as a ratio.
BER(3) /ERAD/ R*4 ERADINC

Bit error rate thresholds of interest. Set to IE-3,
1E-4 and 1E-5 in data statement,

DIVTYP /NCOM2/ 1*2 MCOM.INC
Diversity configuration indicator, Default is 0.
0 = 2 receive antennas; 2S 2S/2F 2S/2A 2S/2A/2F
1 = 1 receive antenna; 2A 2F 2F/2A
2 = 2 transmit, 

2 receive antennas; 2S/2P 2S/2P/2A
3 = Not used

. .. .
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4 = User supplied Parameters
S = Space F Freeuencv A = Angle P = Polarization

LOUT /LUNS/ 1*2 LUNS.INC
FOROO2.DAT output unit number,

NERT /NCOM2/ 1*2 MCO..INC
Bit error rate threshold indicator for vearIv fade -

outage Probabilitv calculation. Default is 2.
0 = All three thresholds
1 = For 10**(-3) only
2 = For 10**(-4) onlu
3 = For 10**(-5) onlv

, S" -,-
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9.2 BOTAC

Subprogram name: Subroutine BOTAC

Purpose: Initialize C(KKKK), A(KKKK), BIDJT(3,4), and ABE(4) arrays.
Compute interferer covariance matrix TAC(KKKK) for JPOW > -174 0
according to RF filtering specified through Parameters IBW and JFILT.
IBW specifies whether the receiver has an RF/IF filter (IBW > 0) or
not (18W = 0). If the receiver does not have an RF filter, JFILT
indicates whether the interference covariance matrix calculation
includes around reflections (JF'L.T = 1) or not (,FIL.T = 0).

Calling seeuence:
CALL BOTAC (KKK,K1,JPOWJBWTZ,C,ATACBOUT,NOUTABE,FOIT,
DWRASEPJANG)

Contained in module: BOTAC

Called bu: HDTS

Calls: JANCOM, RJCFCN, TSINC

Input arguments:
K 1*2 Flag: = I for KI = 3; = 0 for KI = 1. •
JPOW R*8 Interference Power densitv in d)m/Hz.
JBW R*8 Interference normalized bandwidth.
TZ R*4 Time delaw between interference signal

received on two horizontallv spaced antennas.
It is a function of antenna separation and
interferer angle of arrival. (See MDTS.)

BWR R*4 Receive antenna beamwidth in degrees.
ASEP R*4 Separation distance between receiving antennas

in meters.
JANG R*8 Interference off-borsight angle of arrival in

degrees.

Output arguments:
KK 1*2 Dimension of APC, and TAC arrays. Maximum

is 14.
KI 1*2 Number of taps in forward enualizer.
r(KKKK) R*4 Signal covariance matrix initialized to zero.

Dimensioned as 14x14.
A(KKKK) R*4 Noise covariance matrix initialized to zero.

Dimensioned as 14x14.
TAC(KKKK) R*4 Interferer covariance matrix calculated

accordins to RF filtering specified through
IBW and JFILT Parameters. Dimensioned as
14x14.

BOUT(3,4) R*4 Outage Probabilitv arrav initialized to zero.
"OUT R*4 Numbpr of short term outane probabilit.

.- ...- - - .. . ..... . . : . . . . ,. . . .. . . . . . . , - . . . . ... ... .-.. .,.. . / -. ,
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calculations initialized to zero.
ABE(3t4) R*4 Average block error arraq initialized to zero.
FOUT(3t4) R*4 Fade outage array' initialized to zero.

Global variables inpuit from common:
IBW /IICO#2/ 1*2 tCOMINC

Switch indicating tvpe of RF bandwidth constraint to
be used on desired signal. Default is 0.

0 = No RF filtering
1 = Filter determined from 99% bandwidth constraint
2 = Filter chosen to meet FCC Mask. (FCC-19311)
3 = Filters are user specified

JFILT /11C012/ 1*2 MCOtI.INC
Interference covariance matrix calculation indicator.
Onl'j used when IBW eauals 0r otherwise ignored.
Default is 0.

0 = Interferer covariance matrix calculation
done in subroutine BOY AC

1 = Interferer covariance matrix calculation
done in subroutine JANCOM

LOUT /LLJNS/ 1*2 LUNS.INC
FOROO2.DAT output unit number.

NJR /RZ4/ 1*2 RZ4.1NC
Number of sample Points for RJCOR.

TAPW /NCOM4/ R*4 ?COM.INC
Normalized tapwidth for MD-918, Default is .5.
Range is 0.25 through 1.0
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9°3 CAC

Subprogram name: Function CAC

Purpose: Computes G(XZ-SK) * G(XZ-SL) $ ZQ(ITO-XZ) when SXGMA > 0 and
G(XZ-SK) when SIGMA < 0. G(X) is the impulse response of the cascade S
of the transmitter and receiver filters and Z(O(X) is the Power Per
unit delav or correlation Per ainit delay of the perceived scatter
signal component.

Calling seeuence?
CAC (XZSKPSLSIG6MATO,ZG)

Contained in module' DINT

Called bg: DINT MATCO

Calls? FILSIX SINC 6

Input arguments:
XZ R*4 Normalized time at which function is to be evaluated.
SK R*4 Tap sampling time relative to AFE center tar.
SL R*4 Same as SK.
SIGMA R*4 Normalized delav spread of scatter component. S
TO R*4 Normalized sampling time for center tap relative to

centroid of Power Per unit delau Profile.
ZO R*4 Power Per unit delay or correlation Per unit delay

Profile for scatter signal.

Output arguments: 0

CAC R*4 Value of 6(XZ-SK) $ G(XZ-SL) Z(4(1O-XZ).

Global variables input from common?
DELPBZ /RZI/ R*4

Resolution of a delav cell in seconds. Same as DELF'
in /PDAFA/.

DIVTYP /MCOH2/ 1*2 MCOM.INC
Diversity confiiuratinn indicator. Default is 0.
0 = 2 receive antennas; 2S 2S/2F 2S/2A 2S/2A/2F -

1 = 1 receive antenna; 2A 2F 2F/2A
2 = 2 transmitq

2 receive antennas; 2S/2P 2S/2F'/2A
3 x Not used
4 = User supplied Parameters
S = Space F = Freouenc4 A = Angle P = Polarization

DRATE /MCOM4/ R*4 MCOM.INC
Data rate in bits/second. Default is 6.6E6.

DU(256) /RZ/ R*8 RZ.INC
Signal response after PN seouence correlation.

ICORR /MCOM2/ 1*2 NCOM.INC

-S . ..
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0
Multipath Profile correlation indicator. Default
is 2.

0 = Profile of the form X * exp(-A*X) -- used for
debugging

I = Computed multipath Profile; no beam correlation
2 = Computed multipath Profile; beam correlation,

IFILE /MCOM2/ 1*2 MCOH.INC
Pointer to multipath Profile.

JO2M /MCO4/ 1*2 MCOM.INC
Pointer to centroid of lower beam troposcatter signal
Power Per unit delav Profile.

KGAIN /RZ/ 1*2 RZ.INC
Integer ratio of bandwidth to data rate.

NDELO /MCON4/ 1*2 MCON.INC
Number of non-zero elements of troposcatter Power Per
unit delav Profiles O(NDELI,1).

NIP /RZ/ 1*2
Initialization constant for numerical eoualizer
covariance matrix calculation,

NTR /RZ4/ 1*2 RZ4,1NC
Number of samples for calcilating transmit-receive
filter impulse response (TRFILT).

PCON /RZ/ R*8 RZ.INC
Normalization factor for ProbabilitV integral.

PULSE /RZ/ 1*2 RZ.INC
Switch controlling MD-918 Pulse shape after
transmitter-receiver filtering.

PULSE = 0 Triangle
= I OOPSK matched filter
= 2 Sinc Pulse, bandwidth eaual to 1 g
= 5 RF filtering included

Set to 0 if IBW = . or KGAIN > 1.
Set to 5 if IRW > 0 and KGAIN = 1.

TRFILT(128) /RZ4/ R*4 RZ4.INC
Transait-receive filter impulse response.

XTRO /RZ4/ R*4 RZ4.1NC
Time origin for transmit-receive filter impulse
response (TRFILT), ie, X is TRFILT(X+XTRO).

XTRINC /RZ4/ R*4 R74,INC
Sample interval for calculation of transmit-receive
filter impulse response (TRFILT).

..S-.7
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9.4 CAJI

Subprogram name: Subroutine CAJI

Purpose: Calculate thermal noise covariance matrix for AFE taps.

Calling secuence:
CALL CAJ (KA)

Contained in module' CAJ

Called bv: MATCO U

Calls: NONE

Input arguments:
K 1*2 Number of taps on either side of center tap

of AFE.

Output arguments:
A(14,14) R*4 Thermal noise covariance sotrix.

Global variables input from common:
DU(256) /RZ/ R*8 RZ.INC

Signal response after PN seauence correlation,
ND /R12/ 1*2 R12.INC

Number of elements accessed in arrays DJ, DX and DY.
PULSE /RZ/ 1*2 RZ.INC

Switch controlling MO-918 Pulse shape after
transmitter-receiver filtering.

PULSE = 0 Triangle
= I OQPSK matched filter
2 Sine pijlse, bandwidth eaial to 1

= 5 RF filtering included
Set to 0 if IBW = 0 or K6AIN > 1.
Set to 5 if IBW > 0 and KGAIN = 1.

RCOR(32) /RZ4/ R*4 RZ4.INC
Correlation function of the receive filter in steps
eoual to the tapwidth (TAPW) for MD-918 modem, or
eaual to I/RATE for ANITRC-170 or DAR modem.

TAPW /NCON4/ R*4 MCOMINC
Normalized tapwidth for MD-918. Default is .5.
Range is 0.25 through 1.0

S::~~i:

'. " . - - - -
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IFPRNT 1*2 Switch to enable debug Print out (=1).
DUPOW R*4 Ratio of diffraction signal component on topper

beam to that on lower beam.
IFDSNR L*4 Switch to enable Print out of covariance ,.

matrices for mixed scatter/diffraction
Propagation conditions. S

Output arguments:
C(14,14) R*4 Scatter signal covariance matrix for AVE tops,
C0(7,7) R*4 Scatter signal covariance sub-matrix for lower

beam AFE taps.
C1(7,7) R*4 Scatter si4nal covariance sub-matrix for upper

beam AFE taps.
C2(797) R*4 ISI covariance matrix for lower beam taps.
C3(797) R*4 ISI covariance matrix for upper beam taps.
C4(7,7) R*4 Scatter signal correlation sub-matrix for

lower/upper beam (DIVTYP = 0,1) or crossed
Paths (IVTYP = 2). 0

CSUM(14,14) R*4 ISI covariance matrix for AVE taps.
AF(14,14) R*4 Thermal noise covariance matrix for AFE taps.
A(14i14) R*4 Same as AF.

Global variables input from common:
DIVTYP /fCO2/ 1*2 MCDM.IHC

Diversity configuration indicator. Default is 0.
0 = 2 receive antennas; 2S 2S/2F 2S/2A 2S/2A/2F
I = I receive antenna; 2A 2F 2F/2A
2 = 2 transmit,

2 receive antennas; 25/2P 2S/2P/2A
3 = Not used

4 = User supplied Parameters
S = Space F = Freauenc A = Angle P = Polarization

LDEBUG /LUNS/ 1*2 LUNSINC
Debut output unit. Alwaws the same as LOUT but used
to uniouelu identify the write statements.

LISI /MCOM2/ 1*2 MCOMINC S
Number of future Intersvmbol Interference (ISI)
contributors considered in MO-918 Performance
calculation. Default is 2.

LOUT /LUNS/ 1*2 LUNS,INC
FOR002.DAT output unit number.

TAPW /MCOM4/ R*4 MCOM.INC
Normalized tapwidth for MD-918. Default is .5.
Range is 0.25 throutgh 1.0

TDIFF /MCOM4/ R*4 MCOM.INC
Normalized relative delay between lower and upper

beam.

Global variables output to common:
IFILE /MCOM2/ 1*2 MCOM.JNC

0:::::::
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9.14 HATCO

Subprogram name: Subroutine MATCO

Purpose' To compute the troposcatter signal covariance matrix C and 0
sub-matrices CO Cl, C4; thermal noise covariance matrices A and AF;
ISI covariance matrix CSUM, and ISI sum-matrices C2 and C3; and mean
diffraction amplitude vector FSIG for the MD-918 AFE taps,

Calling sequence:
CALL MATCO (SIGMASIGMI,CCOCIC2C3C4,CSUMQAF,A,K,KI, 0
KKTOTAI'SCArJPOW,EI.OSSXSCAT.XDIFR.PTYPE.,IBM, IFPRNTOUPOW, IFDSNR)

Contained in module: MATCO

Called by: MDTS

Calls: CAC, CAJI, CAKL

Input arguments:
SIGMA R*4 Normalized delay spread of scatter signal in

lower beam.
SIGM1 R*4 Normalized delay spread of scatter signal in 0

upper beam.
0(100,7) R*4 Power Per unit delay and correlation Per unit

delay for scatter signal in each receiving
aperture.

K R*4 Flam: I for Ki = 3, 0 for KI = 1.
KI R*4 Number of taps in AFE. .0
KK R*4 Total number of correlated taps (dimension of

covariance matrix) for angle and/or space
diversity.

TO R*4 Normalized sampling time (relative to scatter
component mean time of arrival) for lower
beam. S

TA R*4 Normalized sampling time (relative to scatter
component mean time of arrival) for upper
beam.

TSCAT R*4 Normalized relative delay between scatter and
diffraction component.

JPOW R*8 Interference Power density in dbm/Hz, 
ELOSS R*8 Souint loss for scatter signal in upper beam

in d.
XSCAT R*4 Fraction of scatter signal Power.
XDIFR R*4 Fraction of diffraction signal Power.
PTYPE R$4 Indicates whether Pure scatter (PTYPE = 0) or

mixed scatter/diffraction Path (PTYPE = 1).
JQD R*4 Index in Power Per unit delay Profile

corresponding to delay bin of the specular
(diffraction) component. .

•S
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9.13 MATA

Subprogram name'# Subroutine MIATA

Purpose: IBMI routine for matrix multiplication*#
S(IiN) * T(NPL) = S1(MiL),

Calling seouence:
CALL MATA (STSPgvgStSCNRNCNTYSC

Contained in module: t$ATOFS

Called bu: tDTSP SOTIIAT

calls: ERROR

Input arguments:
S(NSRPNSC) R*4 Input matrix to be right multiplied bv T.
T(NTRPNTC) R*4 Input matrix,

M1*2 Number of actual rows of matrices S and 81.
N 1*2 Number of actual columns of matrix S and rows

of matrix T.
L 1*2 Number of actual columns of matrices T and ST.
NSR 1*2 Row dimension of matrix S. No maximum set.
NSC 1*2 Column dimension of matrix S. No maximum set.
NTR 1*2 Row dimension of matrix T# No maximum set.
NTC 1*2 Column dimension of matrix T. No maximum set.
NSTR 1*2 Row dimension of matrix ST. No maximum set.
NSYC 1*2 Column dimension of matrix ST. No maximum set _

Output arguments*#
ST(NSTRPNSTC) R*4 M~atrix Product of S(.) and T(.).

7,0
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is the main receive antenna.
TAPV /NCOM4/ R*4 MCI)N.INC

Normalized tapwidth for MD-918. Default is .5.
Range is 0.25 throuih 1.0

THER /PATHGE/ R*4 TROCOM,INC
Radio horizon elevation angle at receive site in S
radians.

Global variables output to common:
A /PATHGE/ R*4 TROCOM.INC

Effective earth radius in meters.

e

SLi. 1

;.i'2
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9.12 JAMCOM

Subprogram name: Subroutine JAMCOM

Purpose: Calculate covariance matrix for one interferer with one direct
Path and one reflected Path. (Reflections off a horizontal surface.) -

Angles of arrival and delav are assumed identical for both antennas.

Calling seeuence:

CALL JAMCOM (TAC, BWR, ASEP, JAN6)

Contained in module: JAHCOM S

Called by: BOTAC

Calls: TSINC

Input arguments:
BWR R*4 3d beamwidth of receiving antenna in degrees,
ASEP R*4 Separation between receiving antennas in meters.
JANG R*8 Interferer angle of arrival in degrees,

Output arguments:
TAC(14,14) R*4 Covariance matrix. 

Global variables input from common?*
ATTEN /iCOM4/ R*4 MCOM.JNC

Ratio of interferer signal amplitude on antenna
2 to that at antenna 1. Set to I internally.

BW /SYSTRN/ R*4 TROCOM.INC S
Bandwidth in Hertz. Default is 7 MHz.

DRATE /MCO4/ R*4 MC()M.INC
Data rate in bits/second. Default is 6.6L6.

ELANG(10) /MCOM4/ R*4 NCOt.INC
Interferer elevation angles in degrees. Default is 0.

HRN /PATHGE/ R*4 ROHINC
Receive antenna height above sea level in meters.

JREFL /MCOM2/ 1*2 MCO)M.INC
Indicates whether specular reflection is to be
included in interferer covariance matrix calculation
(JREFL = 1) or not (JREFL = 0). Default is 0.

LANG /MCOM2/ 1*2 MCOM.INC S
Pointer to data array elements containing interferer
azimuth and elevation angles.

PI /CONSTA/ R*4 CONSTANTS.INC
Constant Pi = 3.141592654.

PSIREO(NRMX) /ANTENN/ R*4 TROCOM.INC
Array of receiver beam boresilht elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSIREO(l)

. . ....•..

•-................,...-...........-.........-............-........:........-............. -..............
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9.11 HOR

Subprogram name: Subroutine HR

Purpose: Find eigenvalues of matrix H.

Calling seauence:
CALL NOR (NH,NrLOWPIGH,HvWRPWIIERR)

Contained in module: ELMES

Called bu: EIGV, MDTS

Calls: NONE

InPUt arguments:
Nh 12 Dimension of matrix H. No maximum set.
N 1*2 Dimension of matrix H and arrays WR and W1. No

maximum set.
LOW 1*2 Pointer to first row (or column) of souare sub-matrix

of H.
IGH 1*2 Pointer to last row (or column) of souare sub-matrix

of H.
H(NHN) R*8 Souare matrix whose eigenvalues are to be found.

Output arguments!
H(NMN) R*8 Souare matrix whose eigenvalues are to be found.
WR(N) R*8 Real Part of eigenvalue.
WI(N) R*8 Imaginary Part of eigenvalue.
IERR 1*2 Error flad. 0 for no error; > 0 for error ..

.-

.- - -.

. .• . -.. .
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9.10 ERLANG

Subprogram name: Function ERLANG-"

Purpose: For I = 1,2,3 or 4 ERLANGI = X**(I-1) * EXP(-A*X) / (1-1)!
otherwise ERLAN6 = 10*38 for Precision limits. If AiX > 8b - S
ERLANG = 0. (Where: I = Integer A; X =Rep.)

Calling seauence:
ERLANG (I,A,X)

Contained in module: ERLANG

Called bv: BERCAL, POF, PDFSUM

Calls: NONE

Input arguments:
I 1*2 Argument of factorial and Power in EPLANG function.
A R*8 Parameter of ex:ponent in ERIANG function.
X R*8 Argument of ERLANG function.

Output arguments:
ERLANG Ri8 Value of X$*(I-1) * EXP(-A*X) / (1-1)!. 0

.................... ............ .. ... .................................
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9.9 ELHES

Subprogram name: Subroutine ELMES

Purpose: Conditions matrix A Prior to NOR finding eigenvalues and
eigenvectors.

Calling seauence:
CALL ELMES (NMPNPLObIIGHAPINT)

Contained in module: ELMES

Called bv* EIGV9 MDTS

calls: NONE

Input arguments:
NM 1*2 Row dimension of matrix A. No maximum set.
N 1*2 Column dimension of matrix A. No maximuim set.
LOW 1*2 Pointer to first row (or column) of souare

stib-matrix.
IGH 1*2 Pointer to last row (or column) of sntiare

sub-matrix. Also, dimension of vector INT.
No maximum set.

A(NMPN) R*B Matrix to be conditioned.

Output arguments:
A(MMN) R*8 Conditioned matrix.
INT(I6H) 1*2 Pointer to lowest value in each row of A.
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9.8 EIGEN

Subprogram name: Subroutine EIGEN

Purpose: Compute eigenvalues and eigenvectors of a real swmmetric
matrix. 0

Reference: The Process used is the diagonalization method originated
by Jacobi and adapted by Von Neuman for large computers as found
in 'Mathematical Methods for Digital Computers', edited by A. Ralston
and H.S. Wilt, John Wiley and Sons, New York, 1962, Chapter 7.

S

Calling seouence:
CALL EIGEN (A,RN,MV)

Contained in module: EIGEN

Called by: MDTS SOTMAT 0

Calls: NONE

Input arguments:
A(N) R*4 Original matrix (symmetric). Destroyed in

computation. Resultant eigenvalues are stored 0
in diagonal of matrix A in descending order. This
matrix must be real symmetric and must not be in the
same location as matrix R. Matrix A must also be
stored in Storage Mode I, which means that only the
upper right triangle is stored bq columns through
each diagonal element: A(1,1), A(1,2), A(2,2),
A(I,3), etc. into vector form.

N 1*2 Order of matrices A and R. No limit set on size.
MV 1*2 Input code.

0 = Compute eigenvalues and eigenvectors.
I = Compute eigenvalues only. (R need not be

dimensioned but must still appear in calling S
seouencet)

Output arguments:
A(N) R*4 Original matrix (symmetric). Destroyed in

computation. Resultant eigernvalups are stored
in diagonal of matrix A in descending order. This -
matrix must be real symmetric (storage mode 1) and
must not be in the same location as matrix R.

R(N) R*4 Resultant matrix of eilenvectors. Stored columnwise,
in same seeuence as eigenvalues,

S

:: : :: :: : :':

- . - .*.
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NDELO /MCOH4/ 1*2 MCOM,IN('
Number of non-zero elements of troposcatter Power Per
unit delau Profiles Q(NDELO,1).

PULSE /RZ/ 1*2 RZ.INC
Switch controlling MD-918 Pulse shape after
transmitter-receiver filtering.

PULSE = 0 Triangle
= 1 OOPSK matched filter
= 2 Sinc Pulse, bandwidth eaual to 1
= 5 RF filtering included

Set to 0 if IBW = 0 or KGAIN > 1.
Set to 5 if IBM > 0 and KGAIN = 1. 0

TDIFF /MCOM4/ R*4 HCOM.INC
Normalized relative delav between lower and upper
beam.

I-

S. -: -

-0:

I

S.- .

I!

. . - .. .-.
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9*7 DINT

Subprogram name: Subroutine DINT

Purpose: Integrates CAC = G(X-BK)G(X-BL)O(TO-X) over (XL,XH) where:
6(X) = Fixed filter response.
O(X) = Multipath Profile.

Calling seeuence:
CALL DINT (SIGMABKBLYTOQPTYPEJQi)H)

Contained in module: DINT

Called bv: HDTS CAKL

Calls: CAC

Input arguments:
SIGMA R*4 Normalized delav spread of scatter component,
BK R$4 Tap sampling time relative to AFE center tap.
BL R*4 Same as BK.
TO R*4 Normalized sampling time for center tap relative to

centroid of Power Per unit delay Profile.
0 R*4 Power Per unit delav Profile or correlation Per unit S

delay profile.
PTYPE 1*2 Indicates whether Path is mixed scatter/diffraction

(PTYPE = 1) or Pure scatter Path (PTYPE = 0).
JQD 1*2 Index in Power Per unit dela Profile corresponding

to delav bin of the specular (diffraction) component.
OutPut arguments: S

Y R*4 Result of integration.

Global variables input from common!
DELPBZ /RZ1/ R*4

Resolution of a delaw cell in seconds, Same as DELPB
in /PDATA/. S

DRATE /MCO4/ R*4 MCOINC
Data rate in bits/second. Default is 6.6E6.

ICORR /MCOM2/ 1*2 MCOMINC
Multipath profile correlation indicator. Default
is 2.

0 = Profile of the form X * exp(-A*X) -- used for
debugging

1 a Computed multipath Profile; no beam correlation
2 = Computed msltipath Profile; beam correlation.

J02H /MCOM4/ 1*2 MCOM.INC .'. j
Pointer to centroid of lower beam troposcatter signal
Power Per unit delav profile.

KGAIN /RZ/ 1*2 RZ.INC
Integer ratio of bandwidth to data rate.
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9.6 CHANGE

SubProgram name: Subroutine CHANGE

Purpose: Matrix utilitv operations defined bw flag KIND.

Calling seouence:
CALL CHANGE (ARRAYVECTORNACTNDINKIND)

Contained in module: HATOPS

Called bv: NDTS, SOTMAT 0

Calls: ERROR

Input arguments:
ARRAY(NACTNACT) R*4 Two-dimensional arrav (matrix). No limit set

on size.
VECTOR(1) R*4 One-dimensional array (vector). No limit to

size set.
NACT 1*2 Actual physical dimensions of ARRAY ir

calling Program. No maximum set.
NDIN 1*2 Number of rows and columns in input (output)

matrix ARRAY.
KIND 1*2 Input flag:

1 = Pack swametric matrix, ARRAY, into VECTOR
bv columns throunh each diagonal element.

2 = CoPu VECTOR into doublv-subscripted ARRAY.
3 = CoPv oniv diagonal elements from VECTOR

into ARRAY and zero off-diagonal elements
(as in a unitary matrix).

Output arguments:
ARRAY(NACTNACT) R*4 Two-dimensional arra4 (matrix). No limit set

on size.
VECTOR(1) R*4 One-dimensional arraw (vector). No limit to 0

size set.

* 0

. .
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9.5 CAKL

Subprogram name' Subroutine CAKL

Purpose: Compute scatter signal covariance matrix C(Kl.) where:
K,L = (-KK,-KK+I,-KK+2,...,+KK).

Number of rows and columns (AFE taps) is therefore eaual to 2*KK+I.
Covariance matrix is defined as integral of*

G (X-KT) * 6 (X-LT+(.J-i)*DIFF) * 0(TO-X)
i J

where G and G are the impulse response of the cascade of transmitter
i J S

and receiver filters for diversitw Ports i and j. O(X) is the Power

Per unit delav function of the scatter component if i = i and the
correlation Per unit delav Profile otherwise.

Callini seouence:
CALL CAKL (KKSIGMACTODIFFPQPTYPEJQDM) 0

Contained in module? DINT

Called bW MATCO

Calls; DINT

Input arguments:
KK 1*2 Number of taps on either side of the center tap of

the AFE"
SIGMA R$4 Normalized delay spread of scatter component.
TO R*4 Normalized sampling time relative to centroid of -

scatter component Power Per unit delav Profile.
TO > 0 increases future ISI.

DIFF R*4 Delav compensation for angle diversitv systesis.
0 R*4 Power Per unit delaw Profile or correlation Per unit

delav Profile.
PTYPE 1*2 Indicates whether path is mixed scatter/diffraction

(PTYPE = 1) or Pure scatter Path (PTYPE = 0).
JQDM 1*2 Index in Power Per unit delav Profile corresponding

to delav bin of the specular (diffraction) component.

Output arguments:
C R*4 Scatter signal covariance matrix for AFE taps.

Global variables input from common:
TAPW /MCOM4/ R*4 MCOM.INC

Normalized tapwidth for MD-918. Default is .5.
Range is 0.25 through 1.0

- 4 4 4 '.
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9.15 IDTS

Subprogram name: Subroutine NLTS

Purpose: Computes MD-918 modem Performance assuming LISI symbols of
intersymbol interference (ISI). Performance under mixed scatter/ -

diffraction Propagation conditions also includes the ISI due to the
4th and 5th Past symbols, Assumes ISI is Gaussian.

Reference: P. Monsen 'Theoretical and measured Performance of a OFE
modem on a fading multipath channel.', IEEE Transactions on
Communications, Vol. COM-25, No. 10, October, 1977, pp. 1144-1153. 0
See also 'Link analysis Plan'. Interim technical report no.
CSA-76-8085-3, October 1978, Contract #DAAB07-76-C-8085.

Calling seeuence:
CALL MDTS (TAU22,TAU23,ELOSSRHO,ASNRADSNR,QDUPOWJPOW,
JBWBWTBWRASEPCORFACBOUT,FOU'T,FJSEPPTYPETEMPA,JOM) 0

Contained in module: MDTS

Called by TROPO

Calls: BERCAL BOTAC CHANGE DINT EIGEN ELMES ERROR H!OR S
MATA MATCO MINV ORDER PROUT SASEQ SIGIN SINT
SOTMAT XNOR

Input arguments:
TA022 R*8 Delav spread on lower beam in nsec.
TAU23 R$8 Delav spread on upper beam in nsec. S
ELOSS R*8 Upper beam souint loss for scatter component, in dB or

sidelobe loss for interference.
RHO R*8 Correlation between lower and upper beam long-term

variabilitv of scatter component.
ASNR R*4 Median and/or wearl- average value of scatter Path

SNR in dB.
ADSNR R*4 Yearlv average value of diffraction Path SNR in dB.
0(1000)) R*4 Multipath delay/correlation Profile array.
DUPOW R*4 Ratio of diffraction component on upper beam to

diffraction component on lower beam.
JPOW R*8 Interference signal Power density in dBm/Hz.
JBW R*8 Interfering signal bandwidth in Hz. 0
BWT R*4 Transmit antenna beamwidth in degrees.
BR R*4 Receive antenna beamwidth in degrees.
ASEP R*4 Receiver antenna separation in meters.
CORFAC R$4 Correction factor computed bh LCORR. CORFAC is used • "

in subroutine BERCAL to scale STSNR multiplicatively
when angle diversity is used. - -

FJSEP R*4 Freouencv separation between desired signal and
interference si.nal in Hertz.

.. .............. ....... .. ....--.. :.....:. .-..-. : _..:.:..-.: .-.....-.- . ...-.-.- / .:.-:-....



ND-918 MODEM CALCULATIONS Page 9-27
Subroutine MDTS

PTYPE 1*2 Variable which indicates whether Propagation
mechanism is Pure troposcatter (0 or 10) or mixed
troposcatter-diffraction (1 or 11).

TEMPA(7) R*4 Average relative delav of scatter component. ....

JODM 1*2 Index in the multipath Profile corresponding to
the delav of the specular component. 0

Output arguments:
BOUT(3,4) R*4 Yearlv average outage Probability for each

bit error rate threshold specified and 2S/2F
and 2S diversitv configurations,

FOU'(3,4) R*4 Yearlu average fade outage Per call minute for 0
each bit error rate threshold specified and
2S/2F and 2S diversity configjrations.

Global variables input from common*
CODE /MCOM4/ L*4 MCOM.INC

Fla% for coding.
DEL /SUMP/ R*4 CURVE.INC

Diffraction Path delav relative to a straight line
Path in seconds.

DIVTYP /MCOM2/ X*2 MCOM.INC
Diversitq configuration indicator. Default is 0.
0 = 2 receive antennas; 2S 2S/2F 2S/2A 2S/2A/2F
I 1 receive antenna; 2A 2F 2F/2A
2 = 2 transmit,

2 receive antennas; 2S/2P 2S/2P/2A
3 = Not used
4 = User supplied Parameters
S = Space F = Freouency A = Angle P = Polarization

DRATE /MCOM4/ R*4 MCOM.INC
Data rate in bits/second. Default is 6,6E6.

DSTSNR /SUMP/ R*4 CURVE.IN;
Standard deviation of diffracted signal long-term SNR
distribution in dB.

ELANG(10) /MCOM4/ R*4 MCOMINC
Interferer elevation angles in degrees, Default is 0.

IDW /MCOM2/ 1*2 MCOM.INC
Switch indicating twPe of RF bandwidth constraint to
be used on desired signal. I)efault is 0.

0 = No RF filtering
1 = Filter determined from 99Z bandwidth constraint
2 = Filter chosen to meet FCC Mask. (FCC-19311)
3 = Filters are user specified

ICORR /HCOMi2/ 1*2 MiCOMOlNC
Multipath Profile correlation indicator. Default
is 2.

0 = Profile of the form X * exp(-A*X) -- used for
debugging

1 = Computed multiPath Profile; no beam correlation

.....
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0
KGAIN2 =Computed multipath Profile; bean correlation.
KAN/RZ/ 1*2 RZ.INC

Integer ratio of bandwidth to data'rate.
LERR /LUNS/ 1*2 LIJNS.INC

Error output unit.
LOUT /LUNS/ 1*2 LUNS.INC

FOROO2.DAT output unit number.
HtANG /MC0112/ 1*2 MCOH.INC

Number of values of interferer azimuth/elevation Pairs
(JANG) for which outage calculations are to he made.
Default is 1.

NANG /R12/ 1*2 RI2.INC
NANG is 1 it there is angle diversitv (default).

NERT /IICOM2I 1*2 hCON,INC
Bit error rate threshold indicator for veearlv fade
outage probabilitv calculation. Defaulit is 2.

0 = All three thresholds
1 = For 10**(-3) onlyj
2 = For 10**(-4) onlv
3 = For 1O**(-5S) onlv

STSNR /SUMP/ R*4 SUjMP.INC
Standard deviation of troposeatter sign~al longi-term,
SNR distribujtion in dB.

XANG(10) /tICOM4/ R*4 MCOM.INC
Interferer azimuth angles in degrees. Default is 0.

Global variables output to common:
APOW /MCOfl4/ R*4 ICO*I.INC

Angle diversitv souint loss as a ratio. -

IFILE /MCOtI2/ 1*2 ICOM.INC
Pointer to multipath Profile.

LANG /MCOM2/ 1*2 MCOM.INC
Pointer to data arraw elements containing interferer
azimuth and elevation angles.

HIP /RZ/ 1*2
Initialization constant for numerical ecualizer
covariance matrix calculation.

PCON /RZ/ R*8 RZ.INC
Normalization factor for probabilitu integral.

PEAKAV /RZ4/ R*4 RZ4,INC
Peak-to-average loss due to RF filtering in dB.

TDIFF /MCOM4/ R*4 MCOtM.1NC
Normalized relative delay between lower and tipper
beam.
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9.16 HINV

Subprogram name:. Subroutine MINV

Purpose: IBM SSP Librarw routine. Matrix inversion*

Calling sectuence:

CALL MINV (CtNrtNCtICONYB)

Contained in module: MINY

Called bv: MDlTS

calls: NONE

Input argumentso
C(NCPNC) R*4 Matrix to be inverted. Also sav be returned

here. No limit set an~ size,
N 1*2 Matrix order.
NC 1*2 Size of matrix C. No maximum set.
ICON 1*2 Control flag.

0 = Invert C and return determinant in Dl.
1 = Return determinant in 0 and leave C

as is.
3 = On output for determinant =0
4 = Ignore determinant =0

Output argoiments:
C(NCtNC) R*4 Matrix to be inverted* Also mav be returned

here. No limit set on size.
D R*4 Determinant returned.
B(1) R*4 Working matrix,
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9.17 ORDER

Subprogram name: Subroutine ORDER

Purpose: Store largest N values of R(K) in V(K) in decreasing size and --

order. For K < I < N+1 V(I) = 0.0.
->NOTE*# Do NOT use forK N I

Calling seauence:
CALL ORDER (KPRPVPN)

Contained in module: ORDER

Called W. EIGVP IIDTS

calls: ERROR

Input arguments:
K 1*2 Dimension of arravs R and V. No meximum set.
R(K) R*8 Input arrav.
N 1*2 Number of values to return.

Output arguments*#
V(K) R*8 output arraw,

Global variables input from common:
LERR /LUNS/ 1*2 LUNS.INC

Error output unit.
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0

9.18 PDFCON

Subprogram name: Subroutine PIFCON

Purpose: Calculate coefficients in Partial fractions expansion of
Laclace transform F(S) of PDF for SNk, from list of negatives of roots
of F(s). On return, roots are in descending order. Coefficients
C((N-1)*ID + I) are such that the following two expansions for F(s)
are eauivalent!

F(s) = (R(1) / (S + R(1)))**NDIV *... (R(HR) / (S + R(NR)))**NDIV
andp

F(s) = ..,C((N-I)$NDIV + I) / (S + R(N))*NDIV- 1 ... 
for N = 12,...NR; I = 1,2,...NDIV.

Reference: K. Miller, *Engineering Mathematics', Dover Publicatiors,
1963, PP. 214-215.

Calling seeuence? .6

CALL PDFCON (NR,RNDIVC)

Contained in module: DERCAL

Called bu: BERCAL -

Calls: NONE

Input arguments:
NR 1*2 Number of roots. Dimension of vectors R and C. No

maximum set on vector sizes but see NDIV for
limitations on values,

R(NR) R$8 Arra of NR Positive numbers, which are the negatives
of the roots of F(s). These are Positive numbers. (in
return, thew are ordered in descendir, order. . -

NDIV 1*2 Multielicitu of roots. Must be 1 2 or 4, For
NDIV = 4, NR must be 1 or 3. For anv illegal
combination of NDIV and NR, PDFCON returns
C(I) O.DO for I = 1 through NH*NDIV NC).-

Output arguments**
C(HR$NDIV) R$8 Output arraw into which PDFCON Puts the calculated

coefficients. Dimensioned to 24, therefore, NR*NDIV
must be no more than 24.

- ".'. .

..................
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9.19 PROUT -

Subprogram name: Subroutine PROUT

Purpose: To output to file FOR002.DAT yearly average outage Probabilit,-
fade outage Per call minute, and 1000-bit block error probability of
MD-918 modem for each specified BER threshold and diversity -
configuration.

Calling seauence:
CALL PROUT (JPOW,DIVTYPNOUTNIN2,SOUT,BOUT,FOUT,ABF,C(;AIN, PTYPE)

Contained in module: PROUT

Called by: NDTS

Calls: NONE

Input arguments: 0

JPOW R*8 Interference Power density in dBm/Hz.
DIVTYP 1*2 Diversity configuration indicator.
NOUT 1*2 Total number of short term calculations Performed.
NI 1*2 Index of largest PER threshold of interest.
N2 1*2 Index of smallest PER threshold of interest.
SOU' R*4 Normalization for averaging of short term outage

Probabilities.
BOUT(3,4) R*4 Outage Probability for each PER threshold arid diversity

configuration (see table).
FOUT(3,4) R*4 Fade outage Per call minute for each PER threshold and

diversity configuration'#
I = Index for BER threshold
J = Index for varying diversity twpes, depending on . -

the value of DIVTYP
ABE(4) R*4 Average 1000-bit block error Probability for each

diversity configuration,
COAIN R*4 Coding gains for each PER threshold.
PTYPE 1*2 Indicates whether Pure scatter ( 0) or mixed scatter/

diffraction Path (= 1).

Output arguments:
BOUT(3,4) R*4 Outage Probability for each PER threshold and diversity

configuration (see table).
FOUT(3,4) R*4 Fade outage Per call minute for each BER threshold and

diversity configuration:
I = Index for PER threshold
J = Index for varying diversity tvpes, depending on

the value of DIVTYP
ABE(4) R*4 Average 1000-bit block error Probability for each

diversity configuration,

...i 2...i...:.:........ .. . ..... . .i............. .....:....... ... ..... ..... .... ....... 2.................... ii
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Global variables input from common*
BER(3) /ERAD/ R*4 ERAD.INC

Bit error rate thresholds of interest. Set to IF-3,
lE-4 and IE-5 in data statement.

LOUT /LUNS/ 1*2 LUNS.INC
FOROO2.DAT outeut unit number. 0

HDIST /ERAD/ 1*2 ERAD.INC
hultipath distribution indicator.

0 = Onlv median multipath spread used(default)
I = Multipath distribution used. (Option not

currentlu available.)
NRAP /ERAD/ 1*2 ERAA.INC 0

ERFAC indicator and loop counter. Default is 1.
PFACT3) /ERAD/ R*4 ERAD.INC

Cumulative Probabilitv distribution for effective
earth radius factor.

For NRAD = 1 PFACT = 0.89
= 2 = 0.1 S
= 3 = 0.01

Global variables output to common:
ABEL(4) /ERAD/ R*4 ERAD.INC

Cumulative block error Probabilitv for each diversitv
configuration as specified bu DIVTYP (averaged over .
multipath distribution, if any).

BOUTL(3,4) /ERAD/ R*4 ERAD.INC
Cumulative outage Probabilitv for each diversit-
configuration and error rate threshold (averaged -

over multipath distribution, if anv).
FOUTL(3,4) /ERAD/ R*4 ERAD.IHC

Cumoulative fade outavie Per call minute for each
diversity configuration and error rate threshold
(averaged over multipath distribution, if an).

-

w C"-.".:-..-
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9*20 PSINE

Subprogram name: Function PSINE

Purpose: Calculates the Product sin()1 * XJ) * sin(.01 * DIN).

Calling seauence;
PSINE (XJDIN)

Contained in module: SINT

Called bv' SINT S

Calls: NONE

Input arguments:
XJ R*8 100 times the argument of the sine function.
DIN R*8 Difference between the arguients of the two sine S

functions.

Output arguments:
PSINE R*4 The Product sin(.01 * XJ) * sin(.01 * DIN).

,_. . . .S .:

~ a .~a a. c k a ~ a ... k. -. - ---. ;.;. ]..{
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9.21 PWRSPC

Subprogram name: Function PWRSPC

Purpose: Power spectrum at F for cascade of receiver-interferer
filters.

Calling seouence:
PWRSPC (F)

Contained in module: POTAC

Called by* RJCFCN

Calls: TPSPEC, TPSPJ

Input arguments:
F F34 Normalized freauencv.

Output arguments:
PWRSPC R*4 Power spectrum at F for cascade of receiver-interferer

filters.

Global variables input from common:
FCRX /BUTPAR/ R*4 BUTPAR.INC

Normalized 3dB cut-off freouency of receiver filter.
FJSEPN /JANPAR/ R*4 JAMPAR.INC

Normalized freauency separation between the
interference signal and the desired signal.

IFILRX /BUTPAR/ 1*2 BUrPAR.INC
Receiver filter indicator.

0 = MD-918 receiver filter. Also means
filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eaual to svmbol duration,

1 = (not allowed)
2 = AN/TRC-170 receiver filter. Also means . .

filter is a Butterworth.
NPOLRX /8UTPAR/ R*4 BUTPAR.INC

Number of Poles in the receive Butterworth filter.

. ....... .............. . . . . .
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9*22 RJCFCN -

Subprogram name! Function RJCFCN

Purpose: Calculate receiver-interferer correlation function bv direct
Fourier transform. PWRSUM is calculated as base value for FJSEPH = 0.0
Numericallv integrate Product of Power spectrum, PWRSPC(FREO), and
COS(TWOPI * FRED * TARS) over freauency interval r0o,, J0,O*FCRX].

Calling seauence:

RJCFCN (TARGINIT)

Contained in module: BOTAC 0

Called bu: BOTAC

Calls* PWRSPCP TPSPEC

Input arguments:
TARS R*4 Normalized time argument,
INIT I$2 Flag to Perform initializations and to calculate

normalization constant, PWRSHI, during first
function call to R.JCF(UN for each interferer angle.

Output arguments:
RJCFCN R*4 Receiver-interferer correlatior function.
INIT 1*2 Flag to Perform initializations and to calculate

normalization constant, PWRSUM, during first
function call to RJCFC:N for each interferer angle.

Global variables input from common:
FCRX /BUTPAR/ R*4 BUTPAR.INC

Normalized 3dB cut-off freauencv of receiver filter.
TWOPI /CONSTA/ R*4 CONSTANTS.IN(;

2 X Pi = 6.283185307.

Global variables output to common*
FJSEPN /JAMPAR/ R*4 JAMPAR.INC

Normalized freaojencv separation between the
interference signal and the desired signal.

0

S

S°i°. .-

........................................
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9*23 SASEQ

Subprogram name: Subroutine SASE.

Purpose: ro set the chip seauence ASEO as a function of the number of
chips Per thermal bit KGAIN.

Callini setience:
CALL SASEG (ASEQ)

Contained in module: SASEG

Called bu: MDTS TRCIN

Calls* NONE

Input arguments:
NONE 0

Output arguments:
ASEQ(30) 1*2 Chip seauence for bandwidth spreading.

Global variables input from common:
KGAIN /RZ/ 1*2 RZ.INC

Inteler ratio of bandwidth to data rate.
LOUT /LUNS/ 1*2 LUNSINC

FOROO2.DAT output unit number.

..".

- .-.- t• 1
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9.24 SIGIN

Subprogram name: Subroutine SIGIN

Purpose: Set Pulse shape switch PULSE, number of taps K, lower and
upper delav spread ratios SIGMA and SIGMi, number ot future ISI 0
considered LISI, and the Proportionality constant SPO(R.

Calling seauence!
CALL SIGIN (KSIGMASIGMI,TAU22,TAU23,SPOWR)

Contained in module: SIGIN

Called bv: MDTS

Calls: NONE

Input arguments: S
TAU22 R*8 Delav spread in lower beam in nanoseconds.
TAU23 R*8 Delav spread in upper beam in nanoseconds.

Output arguments?
K 1*2 Number of taps in either side of AFE center tap.
SIGMA R*4 Ratio of lower beam delav spread to svmbol duration.
SIGMI R*4 Ratio of upper beam delav spread to sumbol duoration.
SPOWR R*4 ProPortionalitv constant used in IS! calculation.

Global variables input from common'
DRATE /MCOM4/ R*4 MCOM.INC

Data rate in bits/second. Default is 6.6E6. S
IBM /MCOM2/ 1*2 MCIM.INC

Switch indicating tvPe of RF bandwidth constraint to
be used on desired signal. befault is 0.

0 = No RF filtering
I = Filter determined from 99% bandwidth constraint
2 = Filter chosen to meet FCC Mask. (FCC-19311) S
3 = Filters are user specified

ICORR /MCOM2/ 1*2 MCOM.INC
MultiPath Profile correlation indicator. Default
is 2.

0 = Profile of the form X * exP(-A*X) -- used for
debutging 0

1 = Computed multipath Profile; no beam correlation
2 = Computed multipath Profile; beam correlation.

KGAIN /RZ/ 1*2 RZINC
Integer ratio of bandwidth to data rate.

LERR /LUNS/ 1*2 LUNSINC
Error output unit.

NTAP /MCOM2/ 1*2 HCOM.INC
Number of adaptive forward eoualizer taps (AFE) in

.--0 ,"

.................................................................. .,--.
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SIGIN
0

MD-918 modem. Set to 3 in INDATA.

Global variables output to common:
LISI /MCOM2/ 1*2 tCOM.INC

Number of future [ntersvmbol Interference (ISI)

contributors considered in MP-918 performance

calculation. Default is 2.

PULSE /RZ/ 1*2 RZINC

Switch controlling MU:-918 pulse shape after

transmitter-receiver filtering.
PULSE = 0 Triangle

= I OOPSK matched filter

= 2 Sinc Pu se, bandwidth eaial to 1

= 5 RF filtering included

Set to 0 if IBW = 0 or KOAIN > 1.

Set to 5 if IBW > 0 and KGAIN = 1.

TAPW /MCOM4/ R*4 MCON.INC

Normalized tapwidth for Mb-918. Default is .5.
Range is 0.25 through 1.0

S

. . .-. ...
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9.25 SINC

Subprogram name: Function SlNC

Purpose: SII4C =SIN(PI$X) / (PI*X), For X =0 or
ADS (Numerator -Denominator) < 1.OF-6 SINC 1.

Caling seauence:
SINC MX

Contained in module: SINC

Called bvo CAC9 FILSIX9 TSIt4C

Calls. NONE

Input arguments:
X R*4 Argument ef SII4C function. 6

Output arguments*#
SINC R*4 Value of SIN(PI*X) / PI*X.

Global variables input from common*
PI /CONSTA/ R*4 CONSYANTS.INC-

Constant Pi =3,14159265i4#
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9.26 SOTHAT

-. Subprogram name*' Subroutine SOTHAT

Purpose'. Subroutine to take sousre root of a svemmtricr positive-
definite matrix D of order < = 7 bv computing:

SORT(D) = (EMODAL) * SORT(UNITRY) S (TRANSP(EMDDAL)),
Where ENODAL is the matrix containing the eigenvectors of D (the
'model' matrix) and UNITRY is the matrix containini the ei4envalues
of D in its diagonal (the lunitary' matrix)#

Calling seauence:
CALL SOTIIAT (DPSQRDPK1)

Contained in module: HATOPS

Called bw' MS

*Calls?. CHAN6EY EISEN9 ERROR, MATA

Input arguments:
D(KIPKI) R*4 Original matrix: realy suemmetriep undisturbed.

Dimensioned as 7 X 7 S
Ki 1*2 Dimensions of matrix D. Maximum is 7.

Output arguments#*.
SORTD R*4 Souare root matrix.
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9.27 TPSPEC

Subprogram name: Functio.n TPSPEC

Purpose: Power spectrum at F for Butterworth *IFILT-tupe filter.

Calling speuence:
TPSPEC (FvNPOLEPFCUT91FILT)

Contained in module: BOTAC

Called bwv PURSPCP TPSPJ

Calls: NONE

Input arguments:
F R*4 Normalized freauencv.
NPOLE R*4 Number of Poles of Butterworth filter. 0.
FCUT R*4 Normalized 3-dE cut-off freauerncv of Butterworth

filter.
IFILT 1*2 Switch that indicates whether rectangular impulse

response filter is cascaded with Butterworth filter
091) or not (=2).

Output arguments:
TPSPEC R*4 Power spectrum for Butterworth *IFILT-tvpe filter.

Global variables input from common:
PI /CONSTA/ R*4 CONSTANTS.INC -

Constant Pi =3.141592654.
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9.28 TPSPJ

Subprogram name: Function TPSPJ

Purpose! Power spectrum of interferer at freauenew F.

Calling seauence!

TPSPJ (F)

Contained in module: BOTAC

Called bu: PWRSPC

Calls: TPSPEC

Input arguments:
F R*4 Normalized freauenev. 0

Output arguments:
TPSPJ R*4 Power spectrum of interferer at freauencu F.

Global variables input from common:

FCJ /JANPAR/ R94 JANfPARHV 0
Normalized 3dB cut-off freauencv of QPSK interference
filter.

FCTX /BUTPAR/ R*4 BUTPAR.INC
Normalized 3dB cut-off freeuencv of transmitter
filter#

FNI /JAMPAR/ R*4 JAMPAR.INC
Nodulation index for FDI/F interference.

IFILTX /BUTPAR/ 1*2 BUTPAR.INC
Transmitter filter indicator.

0 MD-918 transmitter filter. Also means
filter is a Butterworth cascaded with a
rectangular impulse response filter of

duration eaual to symbol duration. - .

1 = AN/TRC-170 transmitter filter, Also means

filter is a cascade of Butterworth filter
with rectangular impulse response filter

of duration eaual to half symbol duration.

2= (not allowed)
HODSG /JANPAR/ 1*2 JAIPAR.INC

Interference signal modulation format. Default is 1.
0 = Analog FDH / FM.
I = Digital QPSK

NPOLJ /JAMPAR/ 1*2 JAMPAR.INC
Number of Poles in the QPSK interference filter.

NPOLTX /BUTPAR/ 1*2 DUTPAR.1NC
Number of Poles in the transmit Butterworth filter.

PI /CONSTA/ R*4 (:NSTANTS. INC

. -.

... .... , . -........ *. .. .. . ... ..... . . . . . .'•-•|
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Constant Pi =3.141592654.
WFM /JAMPAR/ R*4 JANPAR.!NC

Norealization constant for FDM/FM interference.

0
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0

9.29 TSINC

Subprogram name! Function TSINC

Purpose: TSINC = B * convolution of triangular impulse response filter-
and waveform with impulse response sinc(B*X) ev; tuated at the Point X..

Calling seauence:
TSINC (DX)

Contained in module: BOTAC

Called bvw BOTACP JAMCOM

Calls: SIMC

Input arguments:
9 R*B Normalized bandwidth of SINC waveform.
x R*8 Normalized time argument.

Output arguments:
TSINC R*4 Convolution.
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9.30 XNOR

Subprogram nase: Function Xt4OR

Purpose: Gaussian PDF with mean SPA and standard deviation SPS. Note,
the arguments are single Precision though the outptit is double._

Calling seauence:
XNOR (SPXYSPAPSPS)

Contained in module: XNOR

Called bv: BERCAL, HDTS, TRC

Calls'. NONE

Input arguments:
SPX R*4 Value of Gaussian random variable at. which FJJF is to

be calculated,
SPA R*4 Mlean of distribution.
SPS R*4 Standard deviation of distribution,

Output arguments:
XNOR R*8 Gaussian P1W.
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CHAPTER 10

AN/TRC-170 MODEMI CALCULATIONS

This section describes the ANITRC-170-DAR modes Performance calculation
routines:

User's Manuel
Name Description section

AVG Short-term AVER and outage
Probabilities .... . .299.5

EIGV Implicit diversitv eilenvalues 2.9.4
INTER' Linear interpolation # # NA
P21NT Correlation of response with

itself # .2#9#4
PAVERG Conditional aberam4e bit error

Probabilitv 2#9#5
PDF POF of detection SNR # 2#9.4
PDFCDE PDF coefficients # 2#9.4
PDFSUM PDF integration of SNR . . . . NA
POUTAG Conditional outage Probabilitu 2.9,5
PROFIL Power/delav Profile # 2.9#4
TIfIAVG Short-term ABER and outage

Probabilitu 2,9.5
TIttEOL Sampling times ... ** , 2#9.3
TIMPAR Steadw state sampling time .. NA
TRC Main TRC routine *..*..,2#9#1r 2*9*2
TRCIN TRC Parameters . .... ,.2#9#19 2.9.4
TXPULS Tx-Rx impulse response . * 2o964
VARW IS1 variance # 2.9.5

The main routine for this section is TRC. The TRC modem Performance
calculations are described in section 2.9 of the User's Manual.

Figure 2-6 is a top level flowchart for AN/TRC-170-DAR modes Performance
calculations at a functional level. In most cases the blocks correspond to one
or more subprograms, The test blocks (diamonds) corre.srnnd to log ical branches
which are decided by the user's choices of inptit data.
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NOTE

In most cases the sections in the User's Manual describe the coded
eauations as well as the thearv behind them. NA denotes routines that
are Programming utilities such as finding indicesp setting Pointers,
etc,

0

0

0

. . . . . . ... . . . .
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iroutine AVG Su

10o1 AVG

Subprogram name: Subroutine AVG

Purpose: To calculate short-term average bit error rate and short-term
outage Probabilitv of AN/TRC-170 given the short term average SNR Per
bit by integrating over the statistics of the instantaneous detection
SNR of the modem.

Calling seeuence: -

CALL AVG (YRUTIN, Y9 IERR) 6

Contained in module: TRC

Called by: TRC

Calls: PDF, YRUTIN

Input arguments:

YRUTIN R*4 Function name. Maw be PAVERG or POUTAG.

Output arguments:
Y R*4 Twice the average bit error rete if the function

reauested is PAVERG and outage Probability if the

function reouested is POIUTAG.
IERR 1$2 Error flag,

Global variables input from common: 0
COEFF /ANSWER/ R*8 ANSWER.INC

Partial fraction expansion coefficients for
calculation of AN/TRC-t70 outage Probability.

NDIVS /SYSPAR/ 1*2 SYSPAR.INC
Number of explicit diversitv channels for AN/TRC-170.

Eoual to 4 for 2S/2F and 2 for 2S or 2F.
NEIGEN /ANSWER/ X*2 ANSWER.INC

Number of implicit diversitv eigenvalues (stored in

arrav VEIGV) used in calculation of AN/TRC-170
Performance.

VEIGV(20) /ANSWER/ R*8 ANSWER.INC

Implicit diversity eigenvalues for AN/TRC-170. 0
X31NCR /NUNPAR/ R*4 NUMPARINC

Step increment for numerical integration.

.- 0 ..

-. °... .•...
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10.2 EIGV

Subprogram name: Subroutine EIGV

Purpose: Calculates the implicit diversitv eigenvalJes of the B
AN/TRC-170.

Calling seauence?
CALL EIGV (X21NCR, NV, EIGMIN, IFRR)

Contained in module: TRC S

Called bv: TRC

Calls: ELMES, HOR, ORDER, PROFIL, TXPUL.S

Input arguments:
X21NCR R*4 Step increment for numerical integration,
NV 1*2 Number of eigenvalues to be computed.
EIGMIN R*4 Ratio of smallest to largest eigenvalue of interest..

Output arguments:
IERR 1*2 Error flag. B

Global variables input from common-#
IPROFL /SYSPAR/ 1*2 SYSPAR.IN:-

Parameter that indicates whether troposcatter Power
Per unit delav Profile of the form X exp (-A*X) is to
be used (IPROFL = 0) or not. Set to ztro in TRCN.

SIGMA /SYSPAR/ R*4 SYSPAR.INC
Half the RMS lower beam delav spread normalized
relative to the svmbol duiration.

TO /SYSPAR/ R*4 SYSPAR.TNC
Normalized sampling time for lower beam.

Global variables output to common?
DIVIMP /ANSWER/ R*4 ANSWER.INC

Ratio of souare of mean signal energy to variance for
AN/TRC-170.

ENMEAN /ANSWER/ R*4 ANSWER.TNC
Average received energy. 0

ENVAR /ANSWER/ R*4 ANSWFR.INC
Variance of received energv.

NEIGEN /ANSWER/ X*2 ANSWER.INC
Number of implicit diversity eigenvalues (stored in
arrav VEIGV) used in calculation of AN/TRC-170
Performance. •

VEIGV(20) /ANSWER/ R*8 ANSWER.INC
Implicit diversitv eigenvalues for AN/TRC-170.

0
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10.14 TRC

Subprogram name: Subroutine TRC

Purpose: To calculate the short-term BER and outage probability of the
AN/TRC-170 or DAR modem as a function of StR for the specified
diversity configuration and BER threshold and the vearlv outage
Probabilitv given the yearly median of the troposcatter sigral SNR
and its standard deviation.

Calling seouence:
CALL TRC (TRCTYPIBWPYEAR)

Contained in module: TRC

Called by: TRCIN

Calls: AVG, EIGV, PAVERG, PDFCOE, PDFSUM, POUTAG, lIMAVhi, TIMFOL.,
TINPAR, VARW, XNOR

Input arguments:
TRCTYP R*4 TRC-170 modem t pe indicator:

0 = I freouency PAR modem S
1 = 2 freouenc AN/TRC-170 modem

IBW 1*2 Switch indicating which tvpe of RF bandwidth
constraint to be used on desired signal,

0 = No RF filtering

I = Filter determined from 9V%
bandwidth constraint S

2 = Filter chosen to meet FCC Mask.
(FCC-19311)

3 = Filters are user specified.

Output arguments:
PYEAR(2,3) R*4 Yearlv statistics. PYEAR(I,,) is yearly S

outage Probability and PYEAR(2,.) is
gearlv fade outage probability Per call minute
for each BER threshold,

Global variables input from common:
ASNR /SYSPAR/ R*4 SYSPAR.INC S

Yearly median value of troposcatter short-term average
SNR, ie, Eb/No, in dB.

CDUR /SYSPAR/ R*4 SYSPAR,INC
Duration of transmitted Pulse for AN/TRC-170
normalized to signaling interval duration.

COEFF /ANSWER/ R*B ANSWER.INC
Partial fraction expansion coefficients for
calculation of AN/TRC-170 outage Probability.

EIGMIN /NUMPAR/ R*4 NUMPAR.INC
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10.13 TIMPAR

Subprogram name! Function TIMPAR

Purpose: To calculate sampling time at stead4 state from early-late -

gate loop.

Calling seouence:
TIMPAR (X21NCRXINCR)

Contained in module: TRC S

Called bwy TIMEOL, TRC

calls: PROFIL, P2INT

Input arguments:
X21NCR R*4 Step irctment for numerical integration.
XINCR R*4 Step increment for numericaL integration,

Output arguments:
TIMPAR R*4 Sampling time at steady state from earlv-late

late loop. a

Global variables input from common:
IPROFL /SYSPAR/ 1*2 SYSPAR.INC

Parameter that indicates whether troPoscatter Power
Per unit delay Profile of the form X exP (-A*X) is to
be used (IPROFL = 0) or not. Set to zero in TRCIN.

SIGMA /SYSPAR/ R*4 SYSPAR.INC
Half the RMS lower beam delav spread normalized
relative to the symbol duration.

TO /SYSPAR/ R*4 SYSPAR.INC
Normalized sampling time for lower beam.

" ' - " .

S-?!i!~i::!
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10.12 TIMEOL

Subprogram name: Subroutine TINEOL

Purpose: To determine the various sampling times for the short-term
Performance of the AN/TRC-170.

Calling seouence:
CALL TIMEOL (TOTO, IT, TPAR, TDEV, X21HCR, XJNCR, IERR)

Contained in module: TRC S

Called by: TRC

Calls: TIMPAR

Input arguments:
TDEV R*4 Standard deviation of sampling time.
X21N(R R*4 Step increment for numerical integration.
XINCR R*4 Step increment for numerical integration.

Output arguments'

TOTO(20) R*4 Arrav of sampling times (normalized to swmbo]

duration) for calculation of short term TRC-170
Performance.

IT 1*2 Number of different sampling times to be used

in calculation of TRC-170 short term
Performance.

TPAR(20) R*4 Sampling times at steady-state for earlv-late S

gate loop.
IERR 1*2 Error flag.

Global variables output to common:

TO /SYSPAR/ R*4 SYSPAR.INC
Normalized sampling time for lower beam.

.S - :

.,

S *-
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10.11 TIMAVO

Subprogram name% Subroutine TiIAVG

Purpose: To averagle the short-term average bit error rate and short-
term outage Probabilitw over Gaussian distributed timing~ jitter.

Calling seauence:
CALL TIMAVG (PERF9 TOT09 ITP TDEV9 PERAVGY IERR)

Contained in module: TRC

Called by:. TRC

calls: INTERD

Input arguments:
PERF(20) IR*4 Performance measure for each sampling time.
TOTO(20) R*4 Arrav of sampling times (normalized to sy;mbol

duration) for calculation of short term TRC-170
Performance.

IT 1*2 Number of different samp.ing~ times to be used
in calculation of TRC-170 short term
Performance.

TDEV R*4 Standard deviation of timing Jitter.

Output arguments:
PERAVG R*4 Average of Performance measure over (aussian

distributed timing jitter.
IERR 1*2 Error flag: 0 = no error; 1I error in Performance

measure calculation.
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10.10 PROFIL

Subprogram name: Function PROFIt

Purpose: To a'alcoilate the Power Per iunit delev profite of rereived
troposcatter signal. Presentlv only. an exponential Profile of the
form A*X * EXP(-B*X) is allowed. Power Per unit delav Profiles
calculated in Propagation module saw be added later.

Calling seauence:
PROFIL (Xv IPRDFL, SIGMA)

Contained in module'* TRC

Called bv: EIGVP TIMPAR9 'JARW

calls: NONE

Input arguments**
X R*4 Normalized delav at which Profile is to be sampled.
IPROFL 1*2 Switch: 0 = exponential Power Per unit delav Profile

to be used.
SIGMA R*4 Lower beam normalized j elav spread,

Output arguments**
PROFIL R*4 Power Per unit delav Profile.
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Standard deviation of future ISI for AN/TRC-170.

. . . . . . . . ..0
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10.9 POUTAG

Subprogram name: Subroutine POUTAG

Purpose: Calculates the conditional olJtaie Probability for a given
instantaneous SNR bw averaging over ISI due to up to two Past and two
future symbols.

Calling seeuence:
CALL POUTAG (X, OUTISI, IERR)

Contained in module: TRC

Called by' TRC

Calls: ERFC, INTERD

Input arguments:
X R*4 Instantanous detection SNR.

Output arguments:
OUTISI R*4 Conditional outage probabilit.-.
IERR 1*2 Error flag.

Global variables input from commor
IRSN /NUNPAR/ 1*2 NIJMPARINC

Number of values in SNR array RSNRSN(30). Used to
calculate ISl statistics for AN/TRC-170. Initially
set to 30.

KIS1 /NUMPAR/ 1*2 NUMPAR.INC
Parameter for calculation of AN/TRC-170 outage
Probability. Set to 6 in data statement.

NTHR /SYSPAR/ 1*2 SYSPAR.INC
Pointer to bit error rate threshold for AN/TRC-170
outage Probability calculation.

RSNMIN(3) /NUMPAR/ R*4 NUMPAR.INC
SNR threshold corresponding to each bit error rate
threshold for AN/TRC-170.

RSNRSN(30) /NUMPAR/ R*4 NUMPAR.INC
Set of SNR values for which solution of transcendental
function (UPISIM) is tabulated.

SNR /SYSPAR/ R*4 SYSPARINC
Signal to noise ratio.

UPISIN(30,3) /NUMPAR/ R*4 NUMPAR.INC
Solution of transcendental enuation for each value of - -.-

RSNRSN and bit error rate threshold of interest in
AN/TRC-170 outage Probability calculation.

XAVAR /ANSW4ER/ R*4 ANSWER.INC
Standard deviation of Past 151 for AN/TRC-170.

XBVAR /ANSWER/ R*4 ANSWER.XNC

3. . . .-- " ..
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10.8 PDFSU"

Subprogram name: Function PDFSUM '. ''.

Purpose: Integration of the Probabilitv densitv function of the _ S
detection SNR.

Calling seouence:

PDFSUM (NDIVS, NEIGEN, VEISV, COEFF, XINCR)

Contained in module? TRC S

Called bw: TRC

Calls: ERLANG, PDF

Input arguments:
NDIVS 1*2 Number of explicit diversities.
NEIGEN 1*2 Number of eigenvalues in arrav VEIGV. Maximum

is 20.
VEIGV(NEIGEN) R*8 Implicit diversitv eigenvalues for AN/ThC-170.

Dimensioned to 20.
COEFF(40) R*8 Partial fraction expansion coefficients.
XINCR R*4 Step increment for numerical inteiration0

Output arguments:
PDFSUM R*4 Integration of the Probabilitv density

function of the detection SNR. -.

... ..-. ...- ..
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10.7 PDFCOE

Subprogram name: Subroutine PDFCOE

L.Purpose: Find Partial fraction expansion coefficients of signal 4ain0
distribution# C((N-1)*ID + 1)? of

F(s) = (R(1) / (S + R(l)))**ID *... * (R(NLI) /(S + R(NU)))**ID
F(s) = #*..C((N - 1) * ID + I) / (S + R(N)) *ID -I + I

for N = 192t ... NU; I = ltt..I

Calling seauence:
CALL PDFCOE (NR9 Rv NDIVSP CP IERR)

Contained in module: TRC

Called bv: TRC

Calls:* NONE

Input arguments:f
R(NR) R*8 Input root arrav. R(K) > 0, K = 1NR. Dimensioned

to 20,
MR 1*2 Size of R arrav. Maximum is 20. Also MR X MHIUfS .

must be less than or eaual to 40.
*NDIVS 1*2 Number of explicit diversitv branches. Value must be

such that NR X NBIVS is less than or eo'ial to 40.

Output arguments:0
C(NR*NDIVS) R*8 Partial fraction expansion coefficients.

Dimensioned to 40.
*IERR 1*2 Error flag.

0
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10.6 PDF

Subprogram name: Function PF.

Purpose: Computes the Probabilitv density function o the detection
SNR for the AN/TRC-170.

Calling seouence:
PDF (X, NEIGEN, NDIVS, VEIGV, COEFF)

Contained in modjle: TRC S

Called bw: AVG, PDFSUM

Calls: ERLANG

InPut arguments: 0
X R*4 SNR at which PDF is to be evaluated.
NEI6EN 1*2 Number of eilenvalues in array VEI6V. Maximum

is 20.
NDIVS 1*2 Number of explicit diversities.
VEIGV(NEIGEN) R*8 Implicit diversity eigenvalues for AN/Tk(-170.

Dimensioned to 20, 0
COEFF(40) R*8 Partial fraction expansion coefficients.

Output arguments:
PDF R*4 Probability density function of the detection ..

SNR for the AN/TRC-170. ""
S

. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .
* . .- - .~ ~A t~k.•A..A -- - -"
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10*5 PAVERO

Subprogram name: Subroutine PAVERS

Purpose: To calculate twice the instantaneouis bit error rate (or
conditional bit error rate) of the AN/TRC.-I70 given the instantaneous
detection SNR and variance of the 181.

Calling seauence:
CALL PAVERG (Xp AVGIS1, IERR)

Contained in nodule: TRC

Called bv: TRC

calls: ERFC

Input arguments:#
X R*4 Instantaneous detection SNR.

Output arguments!
AV6ISI R*4 Twice the instantaneous bit error rate.
IERR 1*2 Error flag

Global variables input from common:
SNR /SYSPAR/ R*4 SYSPAR.INC

Signal to noise ratio.
VARISI /ANSWER/ R*4 ANSWER.INC

Total ISJ variance for AN/TR(;-170. .
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10.4 P21NT

Subprogram name: Function P21NT

Purpose: Correlates the transmitter-receiver filter impulse response
with a dela'ied version of itself,

Calling spauence'
P21NT (At Bt XLP XUP XINCR)

Contained in module: TRC

Called bv: TIIIPARP VARM

Calls: TXPULS

Input arguments:
A R*4 Sampling time at the ouitput of the receiver filter.
B R*4 Delaw between correlator inputs.
XL R*4 Lower integration limit.
XU R*4 Upper integration limit.
XINCR R*4 Step increment for numerical integrittion, -

Output arguments:
P21NT R*4 Correlation of the transmitter-receiver filter

impulse response with a dela~.ed version of itself.

Global variables input from common:t
IPULS /SYSPAR/ 1*2 SYSiPAR.INC

Switch to indicate whether Pulse shape at inplit of the
AN/TRC-170 detector includes the effects of RF filters
(IPULS = 2) or not (1PULS = 0 or 1). Set to 2
internallv. If IBW is 0p set to 1.

NCHIP /SYSPAR/ 1*2 SYSPAR.INC
Number of chips in PH senuence used to expand-
bandwidth in AN/TRC-170.

PDUR /SYSPAR/ R*4 SYSPAR*INC
Swmbol Pulse duration.
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10.3 INTERD

Subprogram name: Subroutine INTERP

Purpose: Linear interpolation in a table of N Pairs (XXYY).

Calling seeuence:
CALL INTERD (Y, X9 YY, XX, N, IERR)

Contained in module! rRC

Called bv' POUTAG, TIHAVG

Calls: NONE

Input arguments:
X R$4 Value of x-coordinate for which u-coordinate is

desired.
YY(N) R$4 Tabulated values of v-coordinate corresponding to

tabulated x-coordinate. Dimensioned to 30.
XX(N) R*4 Tabulated values of x-coordinate corresponding to

tabulated u-coordinate. Dimensioned to 30.

N 1$2 Number of tabulated values over which interpolation
is to be Performed. Naximum is 30.

Output arguments:
Y R*4 Value of 9-coordinate corresponding to X.
IERR 1*2 Error flag.

0 = no error
5 = x-coordinate value greater than largest

tabulated valaei
6 = x-coordinate value less than smallest

tabulated value

oS

- .... . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. .. . . . . . . . . . . . . . . . . . . . . .
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Ratio of smallest to largest eigenvalue in AN/TRC-170
Performance calculations.

ENNEAN /ANSWER/ R*4 ANSWER.IN(
Average received energy.

ICHIP(30) /SYSPAR/ 1*2 SYSPAR.INC |
PN seeuence for spectrum spreading when the data
rate is much smaller than the bandwidth.

IOPERF /IOUT/ 1*2 IOUTINC
Switch for calculation of Performance of AN/TRC-170.

0 = ABER and outage Probabilitu
1 = ABER (average bit error rate) on1
2 = Outage probabilitv onlv

Set to 0 internally,
IOTIME /IOUT/ 1*2 IOUTINC

Switch for calculation of Performance of AN/TR(-170.
0 = Short term Performance assuming various

6 sampling times.
1 = Short term Performance assuming Gaussian

timing jitter.
2 = Yearlw average Performance assuming

Gaussian timing Jitter,
Set to 2 internally.

IPROFL /SYSPAR/ 1*2 SYSPAR.INC
Parameter that indicates whether troposcatter Power
Per unit delav Profile of the form X exp (-A*X) is to
be used (IPROFL = 0) or not. Set to zero in TRCIN.

IPULS /SYSPAR/ 1*2 SYSPAR.INC
Switch to indicate whether Pulse shape at input of the
AN/TRC-170 detector includes the effects of RF filters
(IPULS = 2) or not (IPULS = 0 or 1). Set to 2
internallv, If IBW is 09 set to 1,

ISN /IOUT/ 1*2 IOUTINC
Number of SNR values for which short-term Performance
of AN/TRC-170 is to be Performed, Set to 17.

IT /IOUT/ 1*2 IOUT.INC
Number of different sampling times to be used in
calculation of AN/TRC-170 short term Performance.

KISI /NUMPAR/ 1*2 NtJMPAR.INC
Parameter for calculation of AN/IRC-170 outage
Probability, Set to 6 in data statement.

LERR /LUNS/ 1*2 LUNS.INC
Error output unit,

LOUT /LUNS/ 1*2 LUNS.INC
FOROO2.DAT output unit number.

NCHIP /SYSPAR/ 1*2 SYSPAR.INC
Number of chips in PN seauence used to expand
bandwidth in AN/TRC-170.

NDIVS /SYSPAR/ 1*2 SYSPAR.INC
Number of explicit diversity channels for AN/TR(I-170.
Eeual to 4 for 2S/2F and 2 for 28 or 2F.

. . - . .. . .
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NEIGEN /ANSWER/ 1*2 ANSWER.INC
Number of implicit diversity eigenvalojes (stored in
arrav VEIGV) used in calculation of AN/TRC-170
Performance.

NPOINT /NUMPAR/ 1*2 NUMPAR.INC S
Number of Points for numerical integration.

NTHI /IOUT/ 1*2 IOUT.INC
Pointer to largest bit error rate threshold of
interest for AN/TRC-170 outage Probabilitv
calculation.

NTH2 /IOUT/ 1*2 IOUT.INC •
Pointer to smallest bit error rate threshold of
interest for AN/TRC-170 outage Probability
calculation.

NTHR /SYSPAR/ 1*2 SYSPAR.INC
Pointer to bit error rate threshold for AN/TRC-170
outage Probabilitu calculation. S

NV /NUMPAR/ 1*2 NUNPAR.INC
Normalization Parameter for calculation of AN/TRC-170
signal gain. Set to 18.

PEAKAV /RZ4/ R*4 RZ4.INC
Peak-to-average loss due to RF filtering in dB.

SIGNMA /SYSPAR/ R*4 SYSPAR.INC •
Half the RMS lower beam delav spread normalized
relative to the swmbol duration.

SNDB(2) /IOUT/ R*4 IOUJT.INC
Signal to noise ratio in dB.

SNRBW /RZ4/ R*4 RZ4.INC
Signal to noise ratio adjustment for AN/TRC-170 due to •

limited receive filter bandwidth.
SNRF2 /RZ4/ R*4 RZ4.INC

Parameter to adjust the signal to noise ratio for
degradation due to interference from another
freauencv. Onlv for 2-freo'iencv AN/TRC-170 modem.

SNRJAN /RZ4/ R*4 RZ4.INC
Parameter to adjust the signal to noise ratio of
AN/TRC-170 for degradation due to colocated/adjacent
channel interference.

STSNR1 /SYSPAR/ R*4 SYSPAR.INC
Standard deviation-of troeoscatter signal long-term
SNR distribution in dB. Same as STSNR in /SIINP/,

TOTO(20) /IOUT/ R*4 IOUt.INC
Arrav of sampling times (normalized to swmhol
duration) for calculation of short term AN/TRC-170
Performance.

TDEV /NUMPAR/ R*4 NUJPAR.INC
Standard deviation of sampling times for AN/TR(:-170
Performance calculations.

Global variables output to common:

0
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PAVG(20P20) /ANSWER/ R44 ANSbDER*INC
Short-term average bit error rate for each sampling
time and short-term average SNR.

PDUR /SYSPAR/ R*4 SYSPAR.INC
Symbol Pulse duration,0

POUT(20P2093) /ANSWER/ R*4 AHSWER.INC
AN/TRC-170 outage probability and avers-me bit error
rate as a function of sampling time, short-term
average SNR and error rate threshold.

SNR /SYSPAR/ R*4 SYSPARINC
Signal to noise ratio.

TO /SYSFAR/ R*4 SYSPARINC
Normalized sampling time for lower bean.

TPAR(20) /ANSWER/ R*4 ANSWER.INC
Timing Parameter for AN/TRC-170. Calculated when
IOTI9IE is 0.

VARAIS /ANSWER/ R*4 ANSWER.INC
Past ISI variance for AN/TRC-170.

VARBIS /ANSWER/ R*4 ANSWER.INC
Future T1 variance for AN/TRC-170.

VARISI /ANSWER/ R*4 ANSWER.INC
Total ISI variance for AN/rRC-170. -

VE16V(20) /ANSWER/ R*8 ANSWER.INC
Implicit diversitv eigenvalijes for AN/TRC-170.

X21NCR /NUIIPAR/ R*4 NUMPAR.INC
Step ino ',eaent for niumerical integration.

XAVAR /ANSWERI R*4 ANSWER.INC
Standard deviation of Past ISI for AN/TRC-17O.

XBVAR /ANSWER/ R*4 ANSWER.INC
Standard deviation of future ISI for AN/TRC-170.

XINCR /NUMPAR/ R*4 NUMPAR.INC
Step increment for noimerical intetration,
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10.15 TRCIN

Subprogram name: Subroutine TRCIN

Purpose: To define Parameters for calculation of the AN/TRC-170 or DAR S
modem troposcatter Performance for the data rate and bandwidth
specified by the user.

Calling seeuencel
CALL TRCIN (TRCTYPB',IBWTAU22,DRATEASNRIDSTSNRNERT, BOUTFOLIT)

Contained in module: TRC

Called by: TROPO

Calls: ERROR SASED TRC

Input arguments.
TRCTYP R*4 TRC-170 modem type indicator:

0 = 1 freomienru PAR modem
I = 2 freouencw AN/TRC-170 modem

BW R*4 Bandwidth in Hz.
IBV 1*2 Switch indicating which type of RF bandwidth -

constraint to be used on desired signal.
0 = No RF filtering
1 =Filter determined from 99%

bandwidth constraint
2 = Filter chosen to meet FCC Mask.

(FCC-19311)
3 = Filters are user specified.

TAU22 R*8 Delay spread on lower beam in nsec.
DRATE R*4 Data rate in bits Per seconds.
ASNR1 R$4 Median and/or Yearly average value of

troPoscatter signal SNR in dB.
DSTSNR R*4 Standard deviation of troposcatter signal 0

long-term SNR distribution in dR.
NERT 1*2 Bit error rate threshold indicator for Yearly

outage Probability calculations.
0 = All three thresholds
1 = For 10**(-3) only
2 = For 10**(-4) only 0
3 = For 10**(-5) only

Output arguments:
. BOUT(3,4) R*4 Yearly average outage Probability for each

bit error rate threshold specified and 2S/2F
and 2S diversity configurations.

FOU(3,4) R*4 Yearly average fade outage Per call minute for
each bit error rate threshold specified and .,:

2S/2F and 2S diversity configurations, . ,

:-:.. .- . .-..
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Global variables input from common: ""
KGAIN /RZ/ 1*2 RZ.INC

Integer ratio of bandwidth to data rate.

LOUT /LUNS/ 1*2 LUNSINC
FOR002.DAT output unit number.

NTHR /SYSPAR/ 1*2 SYSPAR.INC
Pointer to bit error rate threshold for AN/TR(;-170

outate Probability calculation.

Global variables output to common:
ASNR /SYSPAR/ R*4 SYSPAR.INC

Yearlw median value of troPoscatter short-term average

SNR, ie, Eb/No, in dB.
CDUR /SYSPAR/ R*4 SYSPAR.INC

Duration of transmitted Pulse for AN/TR(:-170

normalized to signaling interval duration.
ICHIP(30) /SYSPAR/ 1*2 SYSPAR.INC

PN seauence for spectrum spreading when the data
rate is such smaller than the bandwidth.

IOPERF /IOUT/ 1*2 IOUT,INC
Switch for calculation of Performance of AN/TRC-170.

0 = ABER and outage Probabilit.
1 = ABER (average bit error rate) onlw

2 = Outage Probabilitg onl.
Set to 0 internally.

IOTINE /lOUT/ 1*2 IOUT.INC
Switch for calculation of Performance of AN/TRC-170.

0 = Short term Performance assuming various

sampling times.
1 Short term Performance assuming Gaussian

timing Jitter.
2 Yearly average Performance assuming

Gaussian timing Jitter.
Set to 2 internally. 5

IPROFL /SYSPAR/ 1*2 SYSPAR.INC
Parameter that indicates whether troPoscatter Power
Per unit delaw Profile of the form X exP (-A*X) is to
be used (IPROFL = 0) or not. Set to zero in TRCIN.

IPULS /SYSPAR/ 1*2 SYSPAR.INC

Switch to indicate whether Pulse shape at input of the
AN/TRC-170 detector includes the effects of RF filters
(IPULS = 2) or not (IPULS = 0 or 1). Set to 2
internally, If IPW is 0, set to 1.

ISN /IOUT/ 1*2 IOUT.INC

Number of SNR values for which short-term performance
of AN/TRC-170 is to be Performed. Set to 17. _

NCHIP /SYSPAR/ 1*2 SYSPAR.INC
Number of chips in PN seauence used to expand
bandwidth in AN/TRC-170.

0 """"

':. - :_ "'":i:"'" . ." " - "":: ':"... . .... ".: :". . . . ." ."".". . . ".. ..... ...:.-.". . . ."."..."." .. . .. ... . ..''".".' """."."::": - !: '
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Subroutine TRCIN

NDIVS /SYSPAR/ 1*2 SYSPAR.INC
Number of explicit diversitv channels for AN/TRC-170.
Eaual to 4 for 2S/2F and 2 for 28 or 2F,

NTHI /IOUT/ 1*2 101iY. INC
- Pointer to largest bit error rate threshold of0

interest for AN/TRC-170 outage Probabilitu
calculation.

NTH2 /IOUT/ 1*2 IOIJT.INC
Pointer to smallest bit error rate threshold of
interest for AN/fRC-170 outage Probabilit-d
calculation.

PEAKAV /RZ4/ R*4 RZ4,INC
Peak-to-average loss due to RF filtering in 0B.

SIGMA /SYSPAR/ R*4 SYSPAR.INC
Half the RMS lower beam delav spread normalized
relative t~o the sqmbol duration,

SNDB(2) /IDIJT/ R*4 IOUTINC
Signal to noise ratio in dB.

SNR /SYSPAR/ R*4 SYSPAR*INC;
Signal to noise ratio.

STSNRI /SYSPAR/ R*4 SYSPAR.INC
Standard deviation of troposeatter signal long-term

SNR distribution in dB. Same as STSHR in /SLIHF/.
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10.16 TXPULS

Subprogram name: Function TXPIJLS

Purpose: Calculates the impulse response of the cascade of transmitter-
and receiver filters at time X.

Calling seauence:
TXPULS (X)

Contained in module'* TRC

Called bu: EIGVP P21NT

calls: NONE

Input arguments:
X R*4 Normalized sampling time.

Output arguments*#
TXPULS R*4 Impulse respon~se of the cascade of transmitter

and receiver filters at time X.

Global variables input from common:
CDUR /SYSPAR/ R$4 SYSPAR.INC

Duration of transmitted Poilse for AN/TRC-170
normalized to signaling interval duration.

ICHIP(30) /SYSPAR/ 1*2 SYSPARJNC
PN seouence for spectrum spreading when the data
rate is much smaller than the bandwidth.

IPULS /SYSPAR/ 1*2 SYSPAR.INC
Switch to indicate whether pulse shape at input of the
AN/TRC-170 detector includes the effects of RF filters
(IPULS = 2) or not (1PUL.S = 0 or 1). Set to 2
internallv. If IPW is 09 set to 1.

NCHIP /SYSPAR/ 1*2 SYSPAR.INC
Number of chips in PH steuence used to ex:pand
bandwidth in AN/TRC-170.

NTR /RZ4/ 1$2 RZ4.INC
Number of samp~les for calculating transmit-receive
filter impulse response (TRFILT).

PDUR /SYSPAR/ R*4 SYSPAR.INC
Swahbol Pulse duration.

TRFILT(128) /RZ4/ R*4 RZ4.INC
Transmit-receive filter impulse response#

XTRO /RZ4/ R*4 R14.INC
Time origin for transmit-receive filter impulse
response (TRF!LT)o iet X is TRFII.T(X+XTRI)),

XTRINC /RZ4/ R$4 R74.INC
Sample interval for calculation of transmit-receive
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10.17 VARW"

Subprogram name: Function VARW

Purpose: Variance of the ISI due to the kth Past or future svmbol.

Calling seouence:
VARW (KXINCRX2INCR)

Contained in module? TRC

Called bv: TRC

Calls: PROFIL, P2INT

Input argumentst
K 1*2 ISI symbol indicator* Past if Positive, future if

negative.
XINCR R*4 Step increment for numerical integration.
X2INCR R*4 Step increment for rumerical integration,

Output arguments?
VARW R*4 Variance of the ISI due to the kth Past or future

swmbol.

Global variables input from common:
IPROFL /SYSPAR/ 1*2 SYSPAR.INC

Parameter that indicates whether troposcatter Power -.
Per unit delav Profile of the form X exp (-A*X) is to
be used (!PROFL = 0) or not. Set to zero in TRCIN.

NDIVS /SYSPAR/ 1*2 SYSPAR.INC
Number of explicit diversitw channels for AN/TRC-170.
Eeual to 4 for 2S/2F and 2 for 28 or 2F,

SIGMA /SYSPAR/ R*4 SYSPAR.INC
Half the RHS lower beam delav spread normalized
relative to the svebol duration.

TO /SYSPAR/ R*4 SYSPAR.INC
Normalized sampling time for lower beam.

................................. . . .. .. .... .... ...
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CHAPTER 11

FINAL OUTPUT

This section describes the summai'v Page output routines:

User's Manual -
Name Description section

Sim Simulator tap gains ... .. 2.5.7
SUMPAG Summarv Page output .. *. .3.4.2

The main rotitine for this section is SIJNPAI3. SIJNPAG writes to the file
SUMPAG.OUT on unit LSUM. A complete description of this file can be found in
section 3,4.2 of the User's Manual.

NOTE

In most cases the sections in the User's Manual describe the coded
enuations as well as the theorv behind them. NA denotes routines that
are Programming utilities such as finding indicesp setting pointers,
etc.
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11.1 SIM

Subprogram name: Subroutine SIM

Purpose: Calcijlates troposcatter Path simulator tap gains in dBP
normalized go MAX TAP 0 d0.

Calling seauence:

CALL SIM

Contained in module? SIMN

Called bv; SUtIPAG

calls: NONE

Input arguments:
NONE

Output argluflents-0

NONE

Global variables input from common:
DELPB /PDAfA/ R*4 PDATA.INC

Resolution of a delev cell in seconds.
DIVTYP /D$CON2/ 1*2 MCON.INC

Diversitu configuration indicator. Default is 0.
0 = 2 receive antennas; 2S 2S/1F 2S/2A 2S/2A/2F
I 1 receive antenna; 2A 2F 2F/2A
2 = 2 transmit,

2 receive antennas; 2S/2P 2S/2P/2A
3 = Not used
4 = User supplied Parameters
S = Space F = Freauenei A = Angle P = Polarization

I1CORR(NCORMX) /PDATA/ 1*2 PDATAINC
Arra4i of receiving beams involved in the correlation
calculations.

I2CORR(NCORMX) /PDAfA/ 1*2 PDArA.INC
Arrav of receiving beams involved in the correlation .-

calculations.
IPROF(NCORNX) /PDATA/ 1*2 PDATA.INC

0 if the Ith correlation not wantedt 1 if wanted.
LOUT /LUNS/ 1*2 LUNS.INC

F0R002.DAT output unit number.
NIAST /PDATA/ 1*2 PDATA.INC

Number of simuilator taps. Default is 16.
NCORNX Parameter 1*2 TROPAR*INC

Maximus number of correlations between receive Ports.
MCORR /PDATA/ 1I2 PDATA.INC

Number of receive Port correlations.
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NDELMX Parameter 1*2 TROPAR.INC
Haximum number of delay bins in troposcatter Power Per
unit delay Profiles.

Q(NDELtX,NCORMX) /PDATA/ R*4 PDATA.INC
Matrix of troPoscatter sigrnal power and correlation S

Per unit delay Profites.
For DIVTYP = 0:

0(.,1) Power on lower beam vs. delay.
0(.,2) Correlation between lower and

upper beam vs. delay.
0(.,3) Correlation between lower beams S

in antennas 1 1 2 vs. delay.
Q(.,4) Power on upper beam vs. delay.
Q(.,7) Power on diffraction Path vs. delay

For DIVTYP = 1:
Q(,91) Power on lower beam vs. delay.
0(.,2) Correlation between lower and S

upper beam vs. delay.
0(.,3) Power on upper beam vs. delay
0(.,7) Power on diffraction Path vs. delay.

For DIVTYP = 2:
0(.,1) Power on Path 1 (lower beam) vs. delay,
0(.,2) Correlation between convergent Paths S

(lower beam) vs. delay.
0(.3) Correlation between divergent Paths

(lower beam) vs. delay,
0(.,4) Correlation between Parallel Paths

(lower beam) vs. delay.
0(.,5) Correlation between crossing Paths 5

(lower beam) vs. delay.
(.,6) Power on Path of upper beam vs, delay,
Q(.7) Power on diffraction Path vs. delay.

SPE /PDATA/ R*4 PDATA.INC
Tap spacing in nanoseconds. Default is 67 nsec.

0

Sil i 1

-Si):)i
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11.2 SUMPAG

Subprogram name: Subroutine SIUMPA-

Purpose: OutPeits the summarv file SUMPAG.OUT.

Description: The data on the first. Page is the Principal link data. A
second Page is Printed for modem information, if one was specified.
The third Page contains additional information relating to the common
volume integration.

Subseauent Pages list the delav Power impulse response or cross-
Power (correlation) verstis dela4. One Page is Printed for each delav
Profile reouested in the input data (TBR). The units are those
specified by LUNITS.

Calling seauence: 0

CALL SUMPAG (PTYPE, BOUT, FOUT, JPOW, CLIMAT)

Contained in module: SUMPAG

Called by: TROPO

Calls: ANTPTR, ERROR, SIM, UNITCV

Input arguments:
PTYPE 1*2 Variable which indicates whether ProPagation

mechanism is Pure troPoscatter (0 or 10) or
mixed troposcatter-diffraction (1 or 11).

BOUT(3,4) R*4 Yearlv average fade outale probabilitq for each
bit error rate threshold specified and 2S/2F
and 2S diversitv configurations.

FOUT(3,4) R*4 Yearlv average fade outage Probability Per

call minute for each bit error rate threshold
specified and 2S/2F and 2S diversity
configurations,

JPOW R*8 Interference signal Power drsity in dPm/Hz.
CLIMAT R*4 Climate zone indicator.

Output arguments:

Global variables input from common:
AA /PROPAR/ R*4 TROC)M.INC

Atmospheric absorption loss in dB.
ALFAO /PATHGE/ R*4 TROCOM.INC

Minimum transmit antenna elevation angle measured from
transmitter-to-receiver line to transmit horizon line S

in radians.
AR(NRMX) /ANTENN/ R*4 TROCOM.INC

Array of receiver antenna diameters in meters. A'(1)

. .o . . . . . o . - .. .. . . .
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is eeuivalent to RDIAM in the input file.
AT(NTfX) /ANTENN/ R*4 'ROCON.INC

Arrag of transmitter antenna diameters in meters.
AT(l) is eeuivalent to TDIAM in the inpejt file.

BER(3) /ERAD/ R*4 ERAD.INC 5
Bit error rate thresholds of interest. Set to IE-3,
1E-4 and IE-5 in data statement.

BETAO /PATHGE/ R*4 TROCOM.INC
Minimum receive antenna elevation angle measured from
receiver-to-transmitter line to receiver horizon line
in radians. S

BW /SYSTRN/ R*4 TROCOM.INC
Bandwidth in Hertz. Default is 7 MHz.

C /PDATA/ R*4 PDATA.INC
ProPortionality constant in troposcatter Path loss
calculation.

D /PATHGE/ R*4 TROCOMINC a
Great circle distance between transmitter and receiver
measured at sea level in meters.

DE /SUMP/ R*4 CURVE.INC
Effective distance for troPoscatter Path in
kilometers.

DEL /SUMP/ I<*4 CURVE.INC S
Diffraction Path delav relative to a straight line
Path in seconds.

DELPB /PDATA/ R$4 PDATA.INC
Resolution of a delav cell in seconds.

DIFLOS(3) /SUMP/ R*4 CURVEoINC
Median diffraction Path loss in dB for each value in 0
ERFAC distribution.

DIFRSL(3) /SUMP/ R*4 CURVE.INC
Median diffraction signal RSL in dam for each value in
ERFAC distribution.

DIVTYP /NCOM2/ 1*2 MCOM.INC
Diversity configuration indicator. Default is 0. 6
0 = 2 receive antennas; 2S 2S/2F 2S/2A 2S/2A/2F
I = I receive antenna; 2A 2F 21/2A
2 = 2 transmit,

2 receive antennas; 2S/2P 2S/2P/2A
3 = Not used

4 = User supplied parameters S
S = Space F = Freeuencv A = Angle P = Polarization

DLR /PATHGE/ R*4 TROCOM.INC
Distance from receiver to radio horizon in meters.

DT /PATHGE/ R*4 1ROCOM.INC
Distance from transmitter to radio horizon in meters.

DSTSNR /SUMP/ R*4 CURVE.INC 0
Standard deviation of diffracted signal long-term SNR
distribution in dB.

ERFAC /PROPAR/ R*4 TROCOMII.IHC
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LOOPS *FTN contains the following subproirams:
LOOPS t Subroutine

LTCORR.FTN contains the following subprograms!
LTCORR, Subroutine

MATCO .FTN contains the following subprograms:
MATCO v Subroutine

MATOPS.FTN contains the following subprograms:
CHANGE, Subroutine
MATA , Subroutine

SOTMAT, Subroutine

MDIF ,FTN contains the following subprograms:
TANGL , Subroutine
DIF1 v Subroutine
MDIF , Subroutine

MDTS oFTN contains the following subprograms:
MDTS , Subroutine

MINV .FTN contains the following subprograms:
MINV , Subroutine

ORDER FTN contains the following subprograms?
ORDER t Subroutine

OUTDAT.FTN contains the following subprograms:
OUTDAT, Subroutine

POWER .FTN contains the following subprograms:
POWER , Subroutine

PROUT .FTN contains the following subprograms'
PROUT , Subroutine

RGAIN .FTN contains the following subprograms:
RGAIN v Function

RIPROF.FTN contains the following subprograms:
RIPROF, Subroutine

SASEQ *FTN contains the following subprograms:
SASEO , Subroutine

SIGIN .FTN contains the following subprograms,
SIGIN , Subroutine

S
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VARPOL, Function

B3ELO .FTH contains the following subprograms:
BELO , Subroutine

DIFSNR.FTN contains the following subprograms:
DIFSNR, Subroutine

DINT *FTN contains the followin subprograms:
CAKL F Subroutine
[INT v Subroutine
CAC , Function •

EIGEN *FTN contains the following subprograms:
EIGEN P Subroutine

ELMES *FTN contains the following subprograms:
ELMES t Subroutine
HOR , Subroutine

ERFC ,FTN contains the following subprograms:
ERFC , Function

ERLANG.FTN contains the following subprograms: .
ERLANG, Function

ERRIO .FTN contains the following subprograms:
ERRIO , Subroutine

ERROR .FTN contains the following subprograms: S
ERROR v Subroutine

FRUSEP.FTN contains the following subprograms:
FROSEP, Subroutine

GPATT .FTN contains the following subprograms: •
GPATT , Subroutine

HORANG.FTN contains the following subprograms:
HORAN6, Subroutine

INDATA.FTN contains the following subprograms: •
INDATA, Subroutine
SECTOR, Subroutine

INTLIM.FTN contains the following subprograms:
INTLIM, Subroutine

JAMCOM.FTN contains the following subprograms'-
JAMCOM, Subroutine

, . • . -

.....................................................................
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PDFCON, Subroutine

BOTAC *FTN contains the following subprograms'#

BOTAC , Subroutine
TPSPEC, Function
TPSPJ P Function 0
PWRSPC, Function
RJCFCN, Function
TSINC , Function

BUTFIL.FTN contains the following subprograms:
PUTFIL, Subroutine I

A5OFCC, Function
BWJAN , Subroutine
ENRGF , Subroutine

FCCMSK, Subroutine
FFT v Subroutine
FUNPW , Function 0
FUNJAM, Function
INTERB, Subroutine
PEAK , Subroutine

PSPFC , Function
PSPEC1, Function
PSPEC2, Function
PSPJ , Function
RTMI , Subroutine
'JAMPLE, Subroutine
SEARCH, Subroutine
SPEC , Function
SPECI , Function
SPEC2 , Function

CAJI ,FTN contains the following subprograms:
CAJI , Subroutine

CHKDAT.FTN contains the following subprograms: 0

CHKDAT, Subroutine

CLIME .FTN contains the following subprograms:
CLIME ? Subroutine
CLIFIT9 Subroutine
YINT , Subroutine
DEIND , Subroutine

CLIMIL.FTN contains the following subprograms:
CLIMILP Subroutine
VDECAL, Subroutine

CLIMIX.FTN contains the following subprograms:

CLIMIX, Subroutine

0

:: ....--' -.:. :' ' ' '. .-. - -. .." : '-. / .. ..- .--'. .- ...' ...- -.' : ' :- -... .'- ---: .-. ' : : ' : -- ... . .: . .-,. " .- .': .-: .
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TGAIN , Function TGAIN ,FTN
TIMAVO, Subroutine TRC *FTN
TIMEQL, Subroutine TRC FTN
TIMPARP Function TRC .FTN
TPSPEC, Function BOTAC .FTN
TPSPJ P Function BOTAC *FTN 0
TRANSF, Subroutine TRANSF.FIN
TRC , Subroutine TRC *FTN
TRCIN , Subroutine TRC .FTN
TRLOSS, Subroutine TRLOSS.FTN
TROPO , Main Program TROPO .FTN
TSINC , Function BOTAC .FTN
TXPULS, Function TRC .FTN
UNITCV, Subroutine UNITCVFTN
UNITS o Subroutine UNITS .FTN
VARPOL, Function CLIMIX.FTN
VARW , Function TRC .FTN
VDECAL, Subroutine CLIhIL.FTN
XNOR , Function XNOR .FTN
YiNT , Subroutine CLIME .FTN

A.2 Module / Subprogram Reference Index .

ANTGEOFTN contains the following subproorams:
ANTGEO, Subroutine

ANTPAR.FTN contains the following subprograms'*
ANTPAR, Subroutine

ANTFTR.FTN contains the following subprograms:
ANTPTR, Subroutine

ATMOS *FTN contains the following subprograms:
ATMOS , Subroutine a

AVAIL ,FTN contains the following subprograms:
AVAIL , Subroutine

CONVOL, Subroutine
INTERP, Subroutine 0

AVTER .FTN contains the following subprograms:
AVTER , Subroutine

BEAMPT.FTN contains the following subprograms:
BEAMPT, Subroutine

BERCAL.FTN contains the following subprograms:
DERCAL, Subroutine

...
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INTLIM, Subroutine INTLIM.FTN
JAMCOM, Subroutine JAMCOMFTN
LOOPS 9 Subroutine LOOPS .FTN
LTCORRp Subroutine LTCORRFTN
MATA p Subroutine MATOPSFTN
MATCO v Subroutine MATCO .FTN
MDIF 9 Subroutine MDIF .FTN
MDTS 9 Subroutine MDTS *FTN
MINV v Subroutine MINV .FTN
ORDER p Subroutine ORDER ,FTN
OUTDAT, Subroutine OUTDAT.FIN
P2INT , F-iction TRC .FTN
PAVERG, Subrcitine TRC .FTN
PDF Function TRC .FTN
PDFCOE, Subroutine TRC .FTN
PDFCON, Subroutine BERCAL.FTN
PDFSUM, Function TRC .FTN
PEAK , Subroutine BUTFIL.FTN
rOUTAG, Subroutine TRC .FTN
POWER 9 Subroutine POWER .FTN
PROFIL, Function TRC .FIN
PROUT 9 Subroutine PROUT ,FTN
FSINE 9 Function SINT .FTN "
PSPEC v Function BUTFIL.FTN
PSFECIP Function BUTFIL.FTN
PSPEC2, Function BUTFIL.FTN
FSFJ , Function BUTFIL.FTN
PWRSPC, Function BOTAC *FTN
RGAIN , Function RGAIN .FTN .
RIPROF, Subroutine RIPROF.FTN

RJCFCN, Function BOTAC *FIN
RTMI r Subroutine BUTFIL.FTN
SAMPLE, Subroutine BUTFIL.FTN
SASEQ r Subroutine SASEG *FTN
SEARCH, Subroutine BUTFIL.FTN S
SECTOR, Subroutine INDATA.FTN
SIGIN 9 Subroutine SIGIN .FIN
SIN r Subroutine SIM .FTN
SINC 9 Function SINC ,FTN
SINT Subroutine SINT FTN
SPEC 9 Function BUTFIL.FTN 0
SPECI ? Function BUTFIL.FTH
SPEC2 9 Function BUTFIL.FTN
SOTMAT, Subroutine MATOPS.FTN
STEPAB, Function STEPAB.FTN
STEPY , Function STEPY .FTN
STPPAR, Subroutine STPPAR.FTN _0
SUBID f Subroutine SUBID .FTN
SUMPAG, Subroutine SUMPAG.FTN
TANGL , Subroutine MDIF .FTN

• .:-. .:-,:.:,:.,..:.:-:-,.-,- --..... ,:..: -:...:..-:-'.'.,., ..-... ., , . . , . .. . .- .-. . . .S
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A.1 Subprogram / Module Reference Index

A5OFCCP Function BUTFIL.FTN
ANTGEOP Subroutine ANTGEO.FTN
ANTPARr Subroutine ANTPAR.FTN
ANTPTRY Subroutine ANTPTR.FTN

ATMOS 9 Subroutine ATMOS *FTN

AVAIL 9 Subroutine AVAIL oFTN
AVG Subroutine TRC .FTN
AVTER Subroutine AVTER ,FTN

BEAMPT, Subroutine BEAMPT.FTN
BERCALP Subroutine VERCAL.FTN
BOTAC Subroutine BOTAC .FTN

BUTFTL, Subroutine BUTFIL.FTN
BWJAM 9 Subroutine BUTFIL.FTN
CAC P Function DINT oFTN

CAJI P Subroutine CAJI *FTN
CAKL P Subroutine DINT .FTN

CHANGES Subroutine MATOPS.FTN

CHKDATP Subroutine CHKDAT.FTN
CLIFIT9 Subroutine CLIME oFTN

CLIME v Subroutine CLIME *FTN

CLIMILt Subroutine CLIMIL°FTN
CLIMIX, Subroutine CLIMIX.FTN
CONVOL, Subroutine AVAIL ,FTN
DEIND , Subroutine CLIME .FTN
DELO , Subroutine DELO *FTN
DIFI , Subroutine MDIF ,FTN
DIFSNR, Subroutine DIFSNRFTN
DINT P Subroutine DINT *FTN

EIGEN 9 Subroutine EIGEN .FTN

EIGV P Subroutine TRC *FTN
ELMES y Subroutine ELMES .FTN

ENRGF P Subroutine BUTFIL.FTN

ERFC 9 Function ERFC ,FTN
ERLANG, Function ERLANG.FTN

ERRIO , Subroutine ERRIO ,FTN

ERROR , Subroutine ERROR .FTN

FCCMSK, Subroutine BUTFIL.F1N
FFT , Subroutine BUTFIL.FTN

FROSEP, Subroutine FROSEP.FTN
FUNPW , Function BUTFIL.FTN
FUNJAMt Function BUTFIL.FTN
GPATT P Subroutine GPATT .FTN
HORANG9 Subroutine HORANG.FTN
NOR , Subroutine ELMES .FTN

INDATA, Subroutine INDATA.FTN
INTERS, Subroutine BUTFIL.FTN
INTERD, Subroutine TRC *FTN

INTERP, Subroutine AVAIL .FTN

... .-. -''-'-'-- -'-:,' *' . . .-... '.- W - ,--.-'- '--*...... .. .. .. .... .. .. .. .. .. .. ........
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APPENDIX A

PDP RELATED INFORMATION

The following information is on1 for those who are using the PPP version
of FROPO (as opposed to the IBM version). If you are not sure which version Vou
have, see the introduction to this document which describes the differences. S

Figure A-1 is a chart of the overlay. The names refer to moduiles (souirce
file names) rather than subprogram names. (The table in section A.3 lists the -

subprolrams in each module.) TROPO is written in F4P Fortran so it must access -

the F4POTS module (Fortran library routines). The default library is whatever
current version of Fortran is installed on -jour s-istem. In order to insure that
all modules are accessing F4P librarv functions and not F77 or other version
functions, LIB is Placed explicitlv throumhott the overlaw. It is not
sufficient to have it Just in the root. It must be at the end of each branch.

This appendix will also aid in finding a Particular subprogram or common.
Since the PDP version is divided into modules or source files, finding a .0
Particular subprogram that is included in a module of a different name can be
difficult. The following three tables will help:

1) The Subprogram / Module Reference Index
This lists each subroutine or function alphabeticall"
bv name followed by the module it is in. S

2) The Module / Subprogram Reference Index
This lists each module and the subprograms it
contains.

3) The Copron / Include File Reference Index
This lists each common followed by the include file
it is in. e

-S " "-

0

. .. . . . . .. . . . . . .
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Subroutine SUtIPAG

UDIST /UNIT/ R*4 IODATA*INC
Units of distance (smip nmi, kin).

UFREG /UNIT/ R*4 IODATA.INC
Units of freauenci (0Hzv M1Hz).

UHITE /UNIT/ R*4 IODATA.INC
Units of height and diameter (ftt m).

URH(NR) /PATHOE/ R*4 TRDO11INC
Arraq of receive antennas horizontal offsets from
great circle Plane in meters.

URL(NR) /PATHGE/ R*4 TROCOM.INC
Arrav of receive antennas longitudinal otfsets in 0

meters.
URV(NR) /PATHGE/ R*4 TROCOII.INC

Arrav of receive antennas vertical offsets in meters.
UTH(NT) /PATHGE/ R*4 TROCOM.INC

Arra'v of transmit antennas horizontal offsets in

meters.
UTL(NT) /PATHGE/ R*4 TROCOM.INC

Arrav of transmit antennias iongitiudinal offsets in
meters.

UTV(NT) /PATHGE/ R*4 TROCOII,INC
Arrav of transmit antennas vertical offsets in meters.

WLT /SYSTRN/ R*4 TROC0M*INC
Rated transmission Power in Watts. Default is 1000 W.

Global variables output to common:
lOPEND /CONTRL/ 1*2 TROCOMt.INC

Number of output files opened.
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Subroutine SUMPAG

Paths.
OCORR(4) Correlation coefficient between Parallel

Paths.
QCORR(5) Correlation coefficient between crossing

Paths. S
QCORR(6) Power on upper beam.

RLL /SYSTRN/ R*4 TROCOM*INC
Receiver line losses in dB. Default is 0 dB.

S /PATHGE/ R*4 TROCOM.TNC
Troroscatter Path asvmmetrv Parameter.

SCPARM /PROPAR/ R*4 TROCOM.INC
Waverumber spectrum slope Parameter M. Default is
3.66.

SPREAD(NCORMX) /PDATA/ R*4 PDATA.IN:
Arrav of delav spreads (2-sigma) for each beam in

seconds.
STSNR /SUMP/ R*4 SUMP.INC S

Standard deviation of troposcatter signal long-term
SNR distribution in dB.

SUFRES /IODATA/ L*4 IODATA.INC
SuPress long output in SUMPAG if true.
Set to TRUE if PTYFE > 9.

TAPOUT /PDATA/ L*4 PDATA.INC S
If true, the simulator tap values are output to the
output file, FOROO2.DAT. Default is TRUE.

TEMPA(NCORMX) /PDATA/ R*4 PDATA•INC
Arra4 of average troPoscatter signal delags for each
beam relative to straight line in seconds.

THER /PATHGE/ R*4 TROCOM.INC
Radio horizon elevation angle at. receive site in
radians.

THET /PATHGE/ R*4 TROCOM.INC
Radio horizon elevation angte at transmit site in
radians.

THETAO /PATHGE/ R*4 TROCOM.INC S
Scattering angle at bottom of common volume in
radians.

TLL /SYSTRN/ R*4 TROCOM.INC
Transmitter line losses in dB. Default is 0 dB.

TODAY(9) /TSTAMP/ L*1 IODATA.INC
Arrav used in PAP-11 version to hold date as
characters,

TROLtJS() /SUMP/ R*4 CURVE*INC
Median troposcatter Path loss in dD for each value in
ERFAC distribution.

TRORSL(3) /SUMP/ R*4 CURVE.INC

Median troPoscatter RSL in dIm for each value in ERFAC _
distribution.

UANGLE /UNIT/ R*4 IODATA.INC
Units of angle (deg, mrad),

:u§ ~~~. .. ..: KK.:. . . .. :. . .*.* .*. . .

.~~~~ .
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rim Subroutine SUMPAG

is the main transmit antenna.
O(NDELMXNCORMX) /PDATA/ R*4 PDATA.INC

Matrix of troposcatter signal Power and correlation
Per unit delav Profiles.
For DIVTYP = 0: 0

0(.,,) Power on lower beam vs. delay.
Q(.,2) Correlation between lower and

upper beam vs. delay.
0(.93) Correlation between lower beams

in antennas 1 1 2 vs. delav.
0(.,4) Power on upper beam vs. delay.
Q(.,7) Power on diffraction Path vs. delav

For DIVTYP = 1:
0(.,1) Power on lower beam vs. delay.
Q(.,2) Correlation between lower and

upper beam vs. delay,
Q(.,3) Power on upper beam vs. delav S
Q(.,7) Power or, diffraction Path vs. delay.

For DIIVTYP = 2:

O(,,1) Power on Path I (lower beam) vs. delay,
0(.,2) Correlation between convergent Paths

(lower beam) vs. delav.
G(.,3) Correlation between divergent Paths S

(lower beam) vs. delay.
Q(.,4) Correlation between Parallel eaths

(lower beam) vs. delaw,
0(.,5) Correlation between crossing Paths

(lower beam) vs. delay,
0(.,6) Power on Path of upper beam vs. delay. .
0(.,7) Power or diffraction Path vs. delay.

OCORR(NCORMX) /PDATA/ R*4 PDATA.INC

Contains elements of covariance matrix, ie, Powers and
correlations.
For [IVTYP = 0:

OCORR(1) Power on lower beam 0

GCORR(2) Correlation coefficient between lower
and upper beam.

QCORR(3) Correlation coefficient between lower
beams of antennas 1 and 2

OCORR(4) Power on tipper beam.

For DIVTYF" = 1: 0
QCORR(1) Power on lower beam
OCORR(2) Correlation coefficient between lower

and upper beam.

OCORR(3) Power on upper beam.
For DIVTYP = 2:

OCORR(I) Power on Path I (lower beam) 41
OCORR(2) Correlation coefficient between convergent

Paths,
OCORR(3) Correlation coefficient between divergent

S 0

.............................................................................
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Subroutine SUMPAG

Propagation/modem flag to select calculation mode.

Default is 1.
0 = Propagation onl.
1 = Propagation + MD-918 modem

2 = Propagation + AN/TRC-170 or DAR modem
3 = Propa~ation + user-defined modem

MODSIG /MCON2/ 1*2 MCOMINC
Interference signal modulation format. Default is 1.

0 = Analog FOM / FM
I = Digital OPSK

NACCU /CONTRL/ 1*2 TROCOI.INC
Parameter used as truncation Point for common
volume integration termination* Default is 40.

NCORR /PDATA/ 1*2 PDATAIN(;
Number of receive Port correlations.

NDELMX Parameter 1*2 TROPAR.INC
Maximum number of delav bins in troposcatter Power Per S
unit delav Profiles.

NERT /lCOH2/ 1*2 MCOM.INC
Pit error rate threshold indicator for wearlv fade
outage Probabilitw calculation. Default is 2.

0 = All three thresholds

1 = For I0**(-3) onlw 0
2 = For 10**(-4) onl-
3 = For 10**(-5) onl.

NEWCL(4) /MCOM2/ 1*2 MCOM.INC
New climate tvpe character string.

NOW(8) /TSTAMP/ L*1 IODATA.!NC
Arras used in PDP-11/70 version to hold time of dav as -

characters.
NR /SYSTRN/ 1*2 TROCOM.INC.

Number of receive ports.
NT /SYSTRN/ 1*2 TROCOM.INC

Number of transmit Ports.
PLOSSM /PDATA/ R*4 PDATA.INC S

Troposcatter Path los from approximate analvtic
expression.

PSIRAO(NRMX) /ANTENN/ R*4 TR0CON.INC
Arrav of receiver beam azimuths in radians.

PSIREO(NRMX) /ANTENN/ R*4 TROCOM.INC
Arra, of receiver beam boresight, elevations above 6
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSIRE0(0)
is the main receive antenna.

PSITAO(NTMX) /ANTENN/ R*4 TROCOM.INC
Arrav of transmitter beam azimuths in radians.

PSITEO(NTMX) /ANTENN/ R*4 TROCOh.INC S
Arra4 of transmitter beam boresilht elevations above
radio horizon in radians, ie, angle at which epch
antenna is aimed relative to the horizon. PSITEO(1)

• .. , ..- .1. . -,_ -,_ .- ,-. ,.*- * - ** . t._ A - : - .A -. . .- . - . - _ _ . - . . . . . ".... .. .
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Subroutine SUMPAG

trocoscatter integration. It is an error it INEG > 0.
IPOL.R(NRMX) /ANTENN/ 1*2 TROCO11.INC

Arrav of receiver antenna Polarizations.
IPOLT(NTMX) /ANTENN/ 1*2 TROCOM.INC

Arrav of transmitter antenna Polarizations. 0
IPOS /PDATA/ 1*2 PDArA.INC

Number of delay cells exceeding the last allocated
arrav element. This number should be zero or small.
IPOS > 0 is not a serious error unless the delav
Profile calculated has a clear Peak in the last delaw
cell.

IPROF(NCORMX) /PDATA/ 1*2 PDATA.INC
0 if the Ith correlation not wanted, 1 if wanted.

I-TER /PDATA/ 1*4 PDATA.INC
Number of integration cells in the common volume
integration.

LINKNO /IODATA/ 1*2 IODATA.INC
Link number.

LNAME(20) /IODATA/ 1*2 IODATA.INC
Link name. Transmitter site first, receiver site
second. Used as link identifier on outpoit files
FOROO2,DAT and SUMFAG.OUT.

LSUM /LUNS/ 1*2 LUNS.INC
SUMPAG.OUT output unit number.

LUNITS /UNIT/ 1*2 IODATA.INC
Integer value that specifies the set of units
reauested bj the user. These units are for Path,
antenna location, angle, and freauencw Parameters.
Default is 8. The given units are defined bw bit
values of LUNITS'
Bit no. Mearing of value 0 / 1
0 english / metric
I statute miles / nautical miles
2 feet / meters
3 mrad / degrees
4 Hz /MHz

Valid LUNITS values are
0 stat. miles - feet - milliradians - 6Hz
1 kilometers - meters - iilliradians - 6Hz
2 naut. miles - feet - milliradians - 6Hz
8 : stat. miles - feet - degrees - 6Hz
9 kilometers - meters - degrees - 6Hz
10: naut.miles - feet - degrees - GHZ
16: stat. miles - feet - milliradians - MHz
17: kilometers - meters - milliradians - MHz
18: naut. miles - feet - milliradians - MHz
24? stat. miles - feet - degrees - MHz -
25: kilometers - meters - degrees - MHz
26: naut. miles - feet - degrees - MHz

MODPAT /MCOM2/ 1*2 MCOM.INC
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Yearlv median value of effective earth radius factor k
in kilometers, Default is 1.33.

ERR /CONTROL/ R*4 TROCOMINC
Common volume integration resolution, Default is .001.

F /SYSTRN/ R*4 IROCOM.INC
Operating freouencv in Hz. Model is accurate between
10OMHz and 10GHz.

FSEP /PDATA/ R*4 PDATA.INC
Freouencv separation for uncorrelated freouence
diversitu in Hz.

GRDB(NRMX) /ANTENN/ R*4 TROCOMINC S
Gain of each receive antenna in dBi.

GTDD(NTHX) /ANTENN/ R*4 TROCOM.INC
Gain of each transmit antenna in dBi.

HCOM /PATHGE/ Rt4 TROCOM.INC
Effective height of the bottom of the common volume in
meters.

HHIGH /PATHGE/ R*4 TROC(M.lNL
Effective height of the top of the common volume in
meters,

HLR /PATHGE/ R*4 TROCOMINC
Receiver radio horizon elevation above sea level in
meters,

HLT /PATHGE/ R*4 TROCOM.INC
Transmit radio horizon elevation above sea level in
meters.

HRN /PATHGE/ R*4 TROCOM.IN:
Receive antenna height above sea level in meters.

HTN /PATHGE/ R*4 TROCOH.INC 0
Transmit antenna height above see level in meters.

IICORR(NCORMX) /PDATA/ 1*2 PDATA.INC
Arrav of receiving beams involved in the correlation
calculations.

12CORR(NCORMX) /PDATA/ [*2 PDATAINC
Arraw of receiving beams iivolved in the correlation
calculations,

IRR(NRMX,NRMX) /SYSTRN/ 1*2 TROCOI.INC
Channel complex-envelope correlation and
cross-correlation calculation indicator arra,.

0 = No calculation
I = Power (correlation) calculation onlv 5
2 = Power (correlation) Per unit delav

spectrum calculation
ICLIME /MCOM2/ 1*2 MCOMINC

Climate class, Default is 0.
0 = NBS TN-1O1 climate
I = MIL-HDBK-417 climate -
2 = New, user-supplied climate

INEG /PDATA/ 1*2 PDATAINC
Number of nelative delav cells encountered in

. . . ... . . . . . . . . . . . . . . . .
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Module / Subprogram Reference Index

SIM oFTN contains the following subprograms:
SIM , Subroutine

SINC oFTN contains the following subprograms:
- SINC , Function

SINT oFTN contains the following subprograms:
SINT , Subroutine
PSINE , Function

STEPAB.FTN contains the following subprograms!
STEPAB, Function

STEPY 0FTN contains the following subprograms:
STEPY p Function

0 STPPAR.FTN contains the following subprograms:
STPPAR, Subroutine

SUBID *FTN contains the following subprograms:
SUBID , Subroutine

SUMFAG.FTN contains the following subprograms'#
SUMPAG, Subroutine

TGAIN *FTN contains the following subprograms:
TGAIN , Function

TRANSF.FTN contains the following subprograms#'
TRANSF, Subroutine

TRC ,FTN contains the following subprograms:
AVG 9 Subroutine
EIGV Y Subroutine
INTER' Subroutine
PAVERGY Subroutine
PEF v Function
PDFCOE. Subroutine
PDFSUM, Function
POUTAG, Subroutine
PROFIL? Function
P21NT P Function
TIMAVGP Subroutine
TIMEOLP Subroutine
TIMPARt Function
TRC Subroutine

TRCIN Subroutine
TXPULS9 Function
VARW Function

• , -°S

:...... ... .- -. .. -.. :. .- .. .: ..- .- . ..... .. . . .- .. ... . - ... ..- -.. . .. .- ... .. ... .. . .. . .,. .. . - ..... -. . .. . .. . • - . .. .. - .
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Module /Subprogram Reference Index

0

TRLOSS.FTN contains the following subprograms:
TRLOSSY Subroutine -

* TROPO sFTN contains the following subprograms:
TROPO 9 Main Program

UNITCV.FTN contains the following subprograms:
UNITCVP Subroutine

UNITS ,FTN contains the following subprograms:
* UNITS F Subroutine

XNOR .FTN contains the following subprograms:
XNOR ,Function

A*3 Common /Include File Reference Index

/ANSWER/ ANSWER.INC
/ANTENN/ TROCOM.INC
/IWTPAR/ BUTPAR, INC
/CONSTA/ CONSTANTS. INC
/CONTRL/ TROCOM. INC
/CPLOSS/ CPL.INC
/CURVE/ CURVE.It4C

* /ERAD/ ERA['.INC
/IODATA/ IODATA.INC
/IOUT! IOUT.INC
/ JAMPAR! JAMPAR. INC
/LUNS/ LUNS.INC
/MCOM2/ MCOMOINC
/MCOM4/ MCOM.INC
/NUMF'AR/ NUMPAR. INC
/PATHGE/ TROCOM, INCS
/PDATA/ PDATA.INC
/PROPAR/ TROCOM.INC
/F: 12/ R12.INC
/RZ/ RZ.INC
/RZ1/ RZI.INC

*/RZ4/ RZ4.INC
/STPCOM/ STPCOM.INC
/SUMP/ SUMP.INC

*/SYSPAR/ SYSPAR.INC
*/SYSTRN/ TROCUM.INC
*/TSTAMP/ IODATA.INC

/UNIT/ IODATA.INC
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APPENDIX B

CALL CROSS-REFERENCE

The subprogram cross-reference shows which subprograms call the dpscribed
subprogram and which subprograms it calls. A similar list appears for each
subprogram in the main description of it but the following list also includes
system routines such as SIN as well as statement functions. In the following
list MAIN refers to the driver or main routine, TROPO.

B.1 Call Cross-Reference Table

ANTGEO
Is called bv the following subprograms*

INDATA

ANTPAR
Is called bg the following subprograms:

TROPO
Calls the following subprgrams.

ALOGIO ERROR

ANTPTR
Is called bq the following subprograms:

LOOPS SIJMPAG

ATMOS
Is called bv the following subprograms:

TROPO 
Calls the following subprgrams:

ERROR

AVAIL
Is called b the following subprograms:

DIFSNR
Calls the following subprorams:

- CLIME CLIMIL CLIMIX CONVOL INTERP SORT SUBID

.. . . . '*.•--. . . .-.- .. . . . . .
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S

AVG
Is called bw the following subprograms:

TRC
Calls the following subprgrams:

PDF YRUITIN

AVTER
Is called bu the following subprograms:

DIFSNR POWER

A5OFCC
Is called bu the following subprograms: 

FCCMSK FUNBW
Calls the following subprgrams:

ALOGIO PSPEC

BEAHPT
Is called bw the following subprograms:

LOOPS

BERCAL
Is called bw the following subprograms:

MDTS
Calls the following subprgrams: S

ALOGIO DABS DLOG DLOG10 DhAXI ERLAH( EXP PDFCON
SUBID XNOR

BOTAC
Is called bu the following subprograms:

HDTS
Calls the following subprgrams.

JAHCOM RJCFCN SUBID TSINC

BUTFIL
Is called bv the following subprograms:

TROPO S
Calls the following subprgrams:

ABS ALOGIO AMAXI BWJAM EXP FUNBW FUNJAM F1
F2 PEAK PSPEC1 PSPEC2 SAMPI.E SIN SPECI SPEC2
SORT SUBID

BWJAM S
Is called bu the following subprograms:

BUTFIL
Calls the following subprgrams:

ALOGIO ENROF FIJNBW FUNJAM RTMI SEARCH

CAC S
Is called bv the following subprograms:

DINT MATCO

".o. ". .•S ,
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0

Calls the following subprgrams:
ABS DSQRT SINC

CAJI
Is called bv the following subprograms; 0

MATCO
Calls the following subprgrams:

ABS AMAXI IABS

CAKL
Is called bj the following subprograms: S

MATCO
Calls the following subprgrams'

DINT

CHANGE
Is called bs the following subprograms' #

HDTS SOTMAT
Calls the following subprgrams:

ERROR

CHKDAT 
Is called bv the following subprograms:

TROPO
Calls the following subprgrams:

ABS ERROR

CLIFIT
Is called bv the following subprograms: S

CLIME CLIMIL
Calls the following subprgrams"

ABS EXP Fl F2 SUDID

CLIME
Is called bw the following subprograms: 0

AVAIL CLIMIX POWER
Calls the following subprgrams:

ALOGIO CLIFIT DEIND ERROR EXP F2 SIN YINT

CLIMIL
Is called bv the following subprograms:

AVAIL POWER
Calls the following subprgrams:

ALOI3IO CLIFIT ERROR SIN VDECAL

CLIMIX

Is called bv the following subprograms' .
AVAIL POWER

Calls the following subprgras" "
ADS CLIME ERFC ERROR SORT SUBID VARPOL

V •
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l

CONVOL
Is called bv the following subprograms:

AVAIL
Calls the following subprgrams:

INTERP

DEIND
Is called bv the following subprograms:

CLIME
Calls the following subprgrams:

ERROR 0

DELO
Is called bv the following subprograms:

LOOPS
Calls the following subprgrams:

COS SIN 0

DIFSNR
Is called bv the following subprograms:

TROPO
Calls the following subprgrams:

ABS ALOGIO AVAIL AVTER ERFC RGAIN SIGN SORT
SUBID TGAIN

DIFI
Is called bv the following subprograms:

[DIF
Calls the following subprgrams: 0

ABS ALOGIO ATAN COS SORT

DINT
Is called bv the following subprograms:

CAKL MDTS
Calls the following subprgrams:

CAC DFLOAT

EIGEN
Is called bv the following subprograms:

MDTS SOTNAT
Calls the following subprgrams: 0

ADS FLOAT SORT

EIGV
Is called bv the following subprograms:-

TRC
Calls the following subPrgrams: _0

ELMES NOR ORDER PROFIL TXPULS

*- .. . ........ ..- -'. -...... ................... °-'-...1
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ELMES
Is called bw the follouing subprograms'#

EIGV IIDTS
Calls the following subprgrams:

DABS

ENRGF
Is called bv the following subprograms:

BIJAN FUNBW FUNJAM
Calls the following subprgrams:

PSPEC

ERFC
Is called bv the following subprograms:

CLIMIX DIFSNR PAVERG POUTAG POWER
Calls the following subprgrams:

EXP SIGN 0

ERLANG
Is called bv the following subprograms:

BERCAL PDF PDFSUM
Calls the following subprgrams:

DABS DEXP

ERRIO
Is called bv the following subprograms:

INDATA SECTOR UNITS

ERROR
Is called bv the following subprograms:

ANTPAR ATHOS CHANGE CHKDAT CLIME CLIMIL CLIMIX DEIND
LOOPS MATA MDIF NOTS ORDER RIPROF SIGIN STMAT
SUMPAG TRANSF TRCIN TRLOSS UNITCV VARPOL

FCCMSK
Is called bv the following subprograms:

FUNBW
Calls the following subprgrams:

ALOGIO A5OFCC

FFT
Is called bv the following subprograms:

SAMPLE
Calls the fnllowing subprgrams:"

CMPLX COS SIN

FROSEP S
Is called bv the following subprograms:

LOOPS
Calls the following subprgrams:



4LL CROSS-REFERENCE Page B-6

ADS Cos SIN SORT

FUNBJ
Is called bw the following subprograms?

BUTFIL BDWJAM
Calls the following subprgrams 0

A50FCC ENROF FCCMSK INTEHB PSPEC

FUNJAI
Is called bu the following subprograms:

BUTFIL BWJAI
Calls the following subprgrass 0

ALOGIO ENRI3F F1 F2 PSPEC PSPJ

GPATT
Is called bw the following subp.,jgrams:

RGAIN TI3AIN
Calls the following subprgrams'0

ABS SIN

H OR A N
Is called bq the following subprograms:

TANGL TRANSF ...
Calls the following subprgrams: 0

ASIN SIN SORT

HOR
Is called bv the following subprograms?

EIGV MOTS
Calls the following subprgrats?

DABS DSIGN DSQRT

INDATA
Is called bv the following subprograms:

TROPO
Calls the following subprgrams!

ALOGlO AIIOD ANTGO ERRID EXP OUTDAT SECTOR TRC
UNITCV UNITS

INTERB
Is called bu the following subprograms'.

FUNBW

INTERD
Is called bv the following subprograms'*

POUTAG TINAVG

INTERP
Is called bw the following subprograms:

AVAIL CONVOL
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Calls the following subprgrams:
ESTF

INTLIII
Is called bv the following subprograms:

TROPO
Calls the following subprgrams:

AMAXI AIINt COS SIN SORT

JAMCOM
Is called bw the following subprograms: S

BOTAC
Calls the following subprgrams:

ACOS ATAN COS SIN SORT TAN TSINC

LOOPS
Is called bv the following subprograms: 

TROPO
Calls the following subprgrams:

ABS ANTPTR ASIN BEAMPT COS DELO ERROR EXP
FROSEP RGAIN RIPROF SIN SINT SORT SFEPA8 STEPY
STPPAR TGAIN TRLOSS

LTCORR
Is called bv the following subprograms:

TROPO 
Calls the following subprgrams"

EXP SIN SORT . .
S

TROPO
Calls the following subprgrams:

ANTPAR ATMOS BIJIFIL CHKDAT DATE DIFSNR INE'ATA INTL.IM
LOOPS LTCORR MDIF MDTS POWER SIiDTI SUPAG TIME
TRANSF TRCIN

MATA
Is called bv the following subprograms:

NDTS SOTMAT
Calls the following subprgrams:

ERROR

MATCO
Is called bv the following subprograms:

MDTS
Calls the following subprgrams:

CAC CAJI CAKL SUBID

MDIF i

Is called bv the following subprograms:
TROPO

°...-.,. ............................ -o°................. .. ............. ,-
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0

Calls the following subprqrams:
ABS ALOGIO ANINI COS DIF1 ERROR SIN SUBID
TANGL

HDTS '

Is called bv the following subprograms: "
TROPO

Calls the following subprgrams:
ACOS AMOD BERCAL BOTAC CHANE COS DINT DLOGIO
DSIN EIGEN ELNES ERROR HOR MAEA MATCO HINV
ORDER PROUT SASEG SIGIN SINT SOTNAT SUBID XNOR

NINV
Is called bg the following subprograms:

MDTS
Calls the following subprgrams:

DABS

ORDER
Is called by the following subprograms:

EIGV NDTS
Calls the following subprgrams:

ERROR

OUTDAT
Is called bv the following subprograms:

INDATA
Calls the following subprgrams:

DATE SUBID TIME

PAVERG
Is called bw the following subprograms:

TRC
Calls the following subprgrams:

ERFC EXP SORT

PDF
Is called by the following subprograms:

AVG PDFSUM
Calls the following subprgrams. .

ERLANG

PDFCOE
Is called bv the following subprograms:

TRC
Calls the following subprgrams:

EXP

PDFCON
Is called by the following subprograms:

. . . .. . ..
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BERCAL
Calls the following subprgrams:

DABS

POFSUM 0
Is called bv the following subprograms:

TRC
Calls the following subprgrams:

ERLANG PDF

PEAK
Is called bv the following subprograms:

BUTFIL
Calls the following subprgrass:

ABS

POUTAG
Is celled bv the following subprograms:

TRC
Calls the following subprgrams:

ERFC INTERD

POWER
Is called bv the following subprograms:

TROPO
Calls the following subprgrams:

ABS ALOGIO AVTER CLIME CLIMIL CLIMIX ERFC SIGN
SORT SUBID

PROFIL
Is called bv the following subprograms:

EIGV TIMPAR VARW
Calls the following subprgrams:

EXP

PROUT
Is called bw the following subprograms:

MDTS
Calls the following subprgrams:

SUBID

PSINE
Is called bv the following subprograms:

SINT
Calls the following subprgrams:"

DSIN F1 F2

PSPEC
Is called bv the following subprograms:

A5OFCC ENRGF FIJNBW FJN JAM PSPECt PSPEC2 PSPJ
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Calls the following subprgrams:
SIN

PSPEC1
Is called by the following subprograms:

BUTFIL
Calls the following subprgrams:

CMPLX PSPEC

PSPEC2
Is called by the following subprograms:

BUTFIL
Calls the following subprgrams:

CMFLX PSPEC PSPJ

PSPJ
Is called by the following subprograms

FUNJAM PSPEC2
Calls the following subprgrams:

EXP PSPEC SORT

PWRSPC
Is called by the following subprograms: S

RJCFCN
Calls the following subprgrams-

TPSPEC TPSPJ - " . '

P21NT
Is called by the following subprograms:

TIMPAR VARW
Calls the following subprgrans:

TXPULS

RGAIN
Is called by the following subprograms:

DIFSNR LOOPS
Calls the following subprgrams:

GPATT

RIPROF
Is called by the following subprograms: S

LOOPS
Calls the following subprgrams:

ERROR

RJCFC.
Is called by the following subprograms:

BOTAC
Calls the following subprgrams:

Cos PWRSPC.--
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ZTMI
Is called bq the following subprograms:

BWJAM SEARCH
Calls the following subprgrams:

ABS SIGN

SAMPLE
Is called bv the following subprograms'

BUTFIL
Calls the following subprgrams: 0

FFT REAL

SASEQ
Is called bv the following subprograms:

MDTS TRCIN
Calls the following subprgrams:

HOD

SEARCH
Is called bw the following subprograms:

BWJAM
Calls the following subprgrams:

RTMI SIN

SECTOR
Is called bv the following subprograms:

INDATA
Calls the following subprgrams.

ERRIO

SIGIN
Is called bv the following subprograms:

MDTS
Calls the following subprgrams:

ERROR EXP

SIm
Is called bv the following subprograms:

SUMPAG
Calls the following subprgrams:

ALOGIO IABS SORT SUBID

SINC
Is called bv the following subprograms,

CAC TSINC
Calls the following subprgrams

ABS SIN

SINT



,SS-REFERENCE Page B-12

Is called bq the following subprograms:
LOOPS MDTS

Calls the following subprgramso
IABS PSINE SUBID

SPEC 0
Is called bv the following subprograms:

SPECI SPEC2
Calls the following subprgrams:

CMPLX COS SIN

SPECI •
Is called bg the following subprograms'

BUTFIL
Calls the following subprgrams:

SPEC

SPEC2 
Is called bv the following subprograms'

BUTFIL
Calls the following subprgrams:

SPEC

SOTMAT 0
Is calle, bv the following subprograms:

MDTS
Calls the following subprgrams:

CHANGE EIGEN ERROR MATA SORT

STEPAB S
Is called bv the following subprograms:

LOOPS

STEPY
Is called bv the following subprograms:

LOOPS_
Calls the following subprgrams'

SORT

STPPAR
Is called bj the following subprograms:

LOOPS S
Calls the following subprgrams:

ABS AMINI SORT

SUPID
Is called bv the following subprograms.

AVAIL BERCAL BOTAC BUTFIL CLIFIT LIMIX DIFSNR TROPO 0
MATCO MDIF MbITS OUTDAT POWER PROUT SIM SINT
TRC TRCIN

- , . . .
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- Used but not changed in the following subprograms:
INTLIM STPPAR

256) /RZ/ R*8 RZ.INC

Signal response after PN senuence correlation.
- Possibly given a new value in the following subprograms:

SINT S
- Used but not changed in the following subprograms:

CAC CAJI
256) /RZ4/ R*4 RZ4.]NC

Impulse response of cascade of transmitter and
receiver filters, and cascade of interferer and
receiver filters.

-- Not used --
256) /RZ4/ R*4 RZ4.INC

Autocorrelation of receiver filter.

-- Not used --

MIN /NUMPAR/ R*4 NUMPAR.INC
Ratio of smallest to largest eigenvalue in AN/TRC-170 5
Performance calculations.

- Used but not changed in the folowing subprograms'
TRC

NG(IO) /MCOM4/ R*4 MCOM.INC

Interferer elevation aniles in degrees. Default is 0.
- Possibly given a new value in the following subprograms'

INDATA
- Used but not changed in the following subprograms:

JAMCOM MDTS OUTDAT
1EAN /ANSWER/ R*4 ANSWER.JNC

Average received energy.
- Possiblv given a new value in the following subprograms: 6
EIGV

- Used but riot changed in the following subprograms:
TRC

1AR /ANSWER/ R*4 ANSWER INC

Variance of received energy.
- Possibly given a new value in the following subprograms:

EIGV
/CONTRL/ L$4 TROCOM.INC
End of TROPO.DAT file found if TRUE.
- Possibly given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms: •

MAIN
'AC /PROFAR/ R*4 TROCOM.INC

Yearlv median value of effective earth radius factor k

in kilometers. Default is 1.33.
- Possibly given a new value in the following subprograms:

INDATA MAIN

- Used but not changed in the following subprograms:

OUTDAT POWER SUMPAG TRANSF

.. .. "
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OUTDAT POWER SUMFAG TRANSF
.X /PATHGE/ R*4 TROCOM.INC

Distance from transmitter to radio horizon in meters.
- Possibly given a new value in the following subprograms:

INDATA UNITCV
- Used but not changed in the following subprograms!

OUTDAT POWER SUMPAG TRANSF
/PATHGE/ R*4 TROCOM.INC
Receiver distance to minimum scattering Point in
meters,
- Possiblv given a new value in the following subprograms:

TRANSF UNITCV
- Used but not changed in the following subprograms:

INTLIM STPPAR
RATE /MCOM4/ R*4 MCONINC

Data rate in bits/second. Default is 6.6E6.
- Possiblv given a new value in the followin% subprograms:

INOATA
- Used but not changed in the following subprograms:

CAC DIFSNR DINT JAMCOM MAIN MOTS OUTDAT POWER
SIGIN

5(3) /MCOM4/ R*4 MCOMINC
Arrav of effective obstacle extents along the great
circle Path in meters.
- Possibly given a new value in the following subprograms-,

INDATA UNITCV
- Used but not changed in the tollowing subprograms:

MAIN OUTDAT
SF'I(3) /SUMP/ R*4 CURVE.INC

Lower beam troposcatter siqnal ROS delav spread in
nanoseconds for Perce,itiles 50, 90 and 99.
- Possibly given a new value in the following subprograms:
POWER

SP2(3) /SUMP/ R*4 CURVE.INC
Upper beam troposcatter signal RMS delav spread in
nanoseconds for Percentiles 50, 90 and 99.
- Possibly given a new value in the following subprograms:

POWER
STSNR /SUMP/ R44 CURVE.INC

Standard deviation of diffracted signal long-term SNR
distribution in d0.
- Possibly given a new value in the following subprograms:

DIFSNR
- Used but not changed in the following subprograms:

MDlTS SUMPAG
/PATHGE/ R*4 TROCOM.INC
Transmit antenna distance to minimum scattering Point
in meters.
Possibly given a new value in the following subprograms:
TRANSF UNITCV

0
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variability curve, YO(90).
- Possibly given a new value in the following subprograms:

CLIMIL INDATA
- Used but riot changed in the following subprograms*
CLIFIT CLIME OUTDAT

IFLOS(3) /SUMP/ R*4 CURVE.INC
Median diffraction Path loss in dB for each value in
ERFAC distribution.
- Fossibly giver a new value in the following subprograms:
DIFSNR

- Used but not changed in the following subprograms:
SUMPAG S

IFRSL(3) /SUMP/ R$4 CURVEINC
Median diffraction signal RSL in dBm for each value in
ERFAC distribution.
- Possibly given a new value in the following subprograms:

DIFSNR
- Used but not changed in the following subprograms: 0
SUMPAG

IVIMP /ANSWER/ R*4 ANSWER.INC
Ratio of seuare of mean signal energv to variance for
AN/TRC-170.
- Possibly given a new value in the following subprograms!

EIGV
IVTYP /MCOM2/ 1*2 MCOM.INC

Diversitv configuration indicator. Default is 0.
0 = 2 receive antennas; 2S 25/2F 2S/2A 2S/2A/2F
I I receive antenna; 2A 2F 2F/2A
2 2 transmit,

2 receive antennas; 2S/2P 2S/2P/2A
3 Not used
4 = User supplied Parameters
S = Space F = Freeuenc4 A = Angle P = Polarization
- Possibly given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:
ANTGEO BERCAL CAC LTCORR MATCO MDTS OUT'DAT POWER
SIm SUMPA6

IL(3) /MCOM4/ R*4 MCOM.INC
Arrav containing distance from each obstacle to
transmitter in meters.
- Possibly given a new value in the following subprograms: 

INDATA UNITCV
- Used but not changed in the following subprograms: ....

DIFSNR MAIN OUTDAT
LR /PATHGE/ R*4 TROCOM.INC

Distance from receiver to radio horizon in meters.
- Possibly given a new value in the following subprograms:

INDATA UNITCV
- Used but not changed in the following subprograms:

.........
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DEG /UNIT/ R*4 IODATA.INC
String 'deg ' for units output.
- Used but not changed in the following subprograms:
OUTDAT UNITS

DEL /SUMP/ R*4 CUJRVE,INC
Diffraction Path delav relative to a straight line -
Path in seconds.
- Used but not changed in the following subprograms:

MAIN MDTS SUMPAG
DELH /PROPAR/ R*4 TROCOM.INC

Spacing of CN2 samples in meters.
- Possiblv given a new value in the following subprograms:

INDATA UNITCV
- Used but not changed in the following subprograms:

OUTDAT RIPROF
DELPB /PDATA/ R*4 PDATA,INC

Resolution of a delaq cell in seconds.
- Possiblv giver, a new value in the following subprograms:
LOOPS

- Used but not changed in the following subprograms:
MAIN MDIF POWER SIM SUMPAG

DELPBZ /RZI/ R$4
Resolution of a delav cell in seconds. Same as DE.PB
in /PDATA/.
- Possibly given a new value in the following subprograms:

MAIN
- Used but not changed in the following subprograms:

CAC DINT
DELREF /PDATA/ R*4 PDATAINC

Minimum delav through the lowest scattering Point
(relative to straight line delay) in seconds.
- Possibly given a new value in the following subprograms:

MDIF
- Used but not changed in the following subprograms:

LOOPS POWER
DELTAR(NRMX) /ANTENN/ R*4 TROCOMINC

3dB half-beamwidth of each receive antenna in radians.
- Possibly given a new value in the following subprograms:

MAIN
- Used but not changed in the following subprograms:

INTLIM POWER STPPAR TRANSF TRI.OSS
DELTAT(NTMX) /ANTENN/ R*4 TROCOM.INC

3dB half-beamwidth of each transmit antenna in
r adi anrs.
- Possibly given a new value in the following subprograms:

MAIN
- Used but not changed in the following subprograms:

INTLIM POWER STPPAR TRANSF TRLOSS
DEMIN /CURVE/ R*4 CURVE,INC

User supplied minima of the 90th Percentile

S
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- Used beit not chanled in the following subprograms*6
OUTDAT RIPROF

CO[DE IMCOMi4/ 1*4 MCIJII.INC
Flag for coding.
- PossibIv given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

I4DTS
COEFF /ANSWER/ R*8 ANSWER.INC

Partial fraction expansion coefficients; for
calculation of AN/TRC-170 outage probabilitv,
- Used but not changed in the followini subprograms:

AVG TRC
CONJAM /JAMPAR/ R*4 JAMPAR.INC

Interference constant#
- Possiblv given a new value in the following subprograms:

BLITFIL BWJAM
- Used but not changed in the following subprograms:*#
F UN JAM

CORRLT /CFLOSS/ R*4 CPL*INC
Correlation coefficient for long term variabilitv of
lower arnd upper beams.
- Possiblv given a new value in the following subprograms:

LT CORR
- Used but not changed in the following subprograms:

POWER
CPL(6) /CPLOSS/ R*4 CPL.INC

Aperture-to-medium coupling loss array in dB.
- Possibly given a new value in the following subprograms:

TRI.OSS
- Used but not changed in the following subprograms:
POWER

D /PATHGE/ R*4 TROCOM.INC
Great circle distance between transmitter and receiver
measured at sea level in meters.
- Possiblv given a new value in the following subprograms:

INDATA UNITCV
- Used but not changed in the following subprograms:
ATMOS DIFSt4R INTLfM L.OOPS LTCORR MAIN O(JTDAT POWER
SUIIPAG TRANSF TRLOSS

DALT /RZ4/ R*4 RZ4.INC
Sampling interval.
-- Not used -

DE /SUMP/ R*4 CURVE.INC
Effective distance for troposcatter Path in
kilometers.
- Possiblv given a new value in the following subprograms.:.
POWER

- Used but not changed in the following subprograms:
SUMPAG

7*
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normalized to signaling interval duration,
- Possiblv given a new value in the following subprograms:

TRCIN
- Used but not changed in the following subprograms:

TRC TXPULS
CE3 /CONSTA/ R*4 CONSTANTS.INC

1 X 1O**3 =1000,
- Used but not changed in the following subprograms#'

UN! TCV
CHGHR /IODATA/ L*4 IODATA.INC

HR set to AR(1) if TRUE.
- Possiblv given a new value in the following subprograms:S

INDATA
- Used but not changed in the following subprograms:

OUT DAT
CHGHRE /IODATA/ L*4 IODATA.INC

HRE set to HR if TRUE.
- Possiblv given a new value in the following subprograms:

IND[A TA
- Used but not changed in the following subprograms:
OUTDAT

CHGHT /IODATA/ L*4 IODATA.INC
HT set to AT(1) if TRUE.
-Possibly given a new value in the following subprograms:
IN DATA
Used but not changed in the following subprograms:
OUTDAT

CHGNTE /IODATA/ 1*4 IODATAINC
HIE set to HT if TRUE.
- Possiblv given a new value in the following subprograms'

INDATA
- Used but not changed in the following subprograms:*

OUT DAT
CMTPFT /CONSTA/ R*4 CONSTAN1S.IN(

Meters Per foot = 0,3048.
- Used but not changed in the following subprograms:

ANTGEO INDATA UNITCV
CMTFHI /CONSTA/ R*4 CONSTANTS.INC

Meters Per statute mile = 1609.344
- Used but not changed in the following sugbprograms:
UNITCV

CMTPNM /CONSTA/ R*4 CONSTANTS.INC
Meters Per nalitical mile =18352.
- Used but not changed in the following subprograms:

UNITCJ
CN2(NPROF) /PROPARI R*4 TROCOMINC

The atmospheric structure constant height Profile in
meters to the -2/3 Power.
-Possibly given a new value in the following subprograms:
INDATA
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BER(3) /ERAD/ R*4 ERAD,INC
Bit error rate thresholds of interest. Set to IE-3,
1E-4 and 1E-5 in data statement.
- Used but not changed in the following subprograms:
BERCAL PROUT SUHPAG

BETAO /PATHOE/ R*4 TROCOM.INC
Minimum receive antenna elevation angle measured from
receiver-to-transmitter line to receiver horizon line
in radians.
- Possibly given a new value in the following subprograms:

TRANSF UNITCV
- Used but not changed in the following subprograms:

INTLIM LOOPS POWER SUMPAG TRLOSS
BETAl /PATHGE/ R*4 TROCOH.INC

Maximum receive antenna elevation angle measured from
receiver-to-transmitter line to top of common volume
in radians.
- Possibly given a new value in the following subprograms:

INTLIM UNITCV
- Used but not changed in the following subprograms:

LOOPS
BOUTL(3,4) /ERAD/ R*4 ERAD.IN;

Cumulative outage Probabilitv for each diversity
configuration and error rate threshold (averaged
over multipath distribution, if any).
- Possibly given a new value in the following subprograms;

PROUT
BW /SYSTRN/ R*4 TROCOM.INC

Bandwidth in Hertz. Default is 7 MHz.
- Possibly given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

JAMCOM LOOPS MAIN OUTDAT POWER SUMPAG
C /PDATA/ R*4 PDATA.INC

Proportionality constant in troposcatter Path loss
calculation.
- Possibly given a new value in the following subprograms:
LOOPS

- Used but not changed in the following subprograms:
POWER SWIPAG

CO /CONSTA/ R*4 CONSIANTS.INC
Free space velocity of radio waves = 2.998E8 m/sec.
- Used but not changed in the following subprograms:

INPATA LOOPS MDIF POWER
CDEGR /CONSTA/ R*4 CONSIANTSINL:

Radians Per delree = 0.017453293.
- Used but not changed in the following subprograms:
DIFSNR UNITCV

CDUR /SYSPAR/ R*4 SYSPAR.INC
Duration of transmitted Pulse for AN/TRC-170

0

.....................................................-. ~....e
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MDTS

- Used but not changed in the following subprograms'
BERCAL

AR(NRHX) /ANTENN/ R$4 TROCOM.INC
Array of receiver antenna diameters in meters, AR(I)
is eeuivalent to RDIAM in the input file# •
- Possibl given a new value in the following subprograms:
AN1GEO INDATA UNITCV

- Used but not changed in the following subprograms:
ANTPAR CHKDAT LOOPS OUTDAT R13AXN SIJMPAG

ASNR /SYSPAR/ R$4 SYSPAR.NC
Yearlv median value of troposcatter short-term average
SNR, ie, Eb/No, in dB.
- Possibly given a new value in the following subprograms:

TRCIN
- Used but not changed in the following subprograms:

TRC
AT(NTMX) /ANTENN/ R$4 TROCOM.INC S

Arrav of transmitter antenna diameters in meters.
AT(1) is eeuivalent to TPIAM in the input file.
- Possiblv given a new value in the following subprograms:
ANTSED INDATA UNITCV

- Used but not changed in the following subprograms:
ANTPAR CHKDAT OUTDAT 9S1IPA TVGAIN

ATTEN /MCOM4/ R*4 MCOMIN(
Ratio of interferer signal amplitude on antenna
2 to that at antenna 1. Set to I internally.
- Used but not changed in the foltowing subprograms:

JAMCON
AVERX /ICOM4/ R$4 MCON.INC S

Average terrain elevation above sea level between
receive site and radio horizon, in meters.
- Possibly given a new value in the following subprograms:
DIFSNR INDATA POWER UNITCV

- Used but not changed in the following subprograms:
OUTDAT 0

AVETX /MCOM4/ R*4 NCOMoINC
Average terrain elevation above sea level between
transmit site and radio horizon, in meters.
- Possibly given a new value in the following subprograms:
DIFSNR INDATA POWER UNITCV

- Used but not changed in the following subprogramst
OUTDAT

BEAM /STPCOM/ R*4 STPCOMINC
Parameter for determining azimuth and elevation angle
step size in common volume integration.

- Possiblv given a new value in the following sjbprograms" '

STPPAR
- Used but not changed in the following subprograms:
STEPAB

7 •7.. .. . . . . ..
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0

C.1 Global Variable Dictionarv

A /PATHGE/ R*4 TROCOMINC
Effective earth radius in meters. ... ,
- Possibly given a new value in the following subprograms:

INDATA JAMCON 0
- Used but not changed in the following subprograms:

INTLIN LOOPS LTCORR MAIN TRANSF
AO /CONSTA/ R*4 CONSTANTS,INC

Radius of the earth in meters = 6:367650.
- Used but not changed in the following subprograms:

INDATA NDIF TRANSF
AA /PROPAR/ R*4 TROCOM.INC

Atmospheric absorption loss in dB.
- Possibly given a new value in the following subprograms:

ATMOS
- Used but not changed in the following subprograms:

MAIN POWER SUNPAG
ABEL(4) /ERAD/ R$4 ERAD.lNC

Cumulative block error Probability for each diversity
configuration as specified by DIVTYP (averaged over
multipath distribution, if any).
- Possibly given a new value in the following subprograms:

PROUT
ACALC /IODATA/ L*4 IODATA.INC

TRUE if the angles PSITEO and PSIREO are calculated
rather than read in.
- Possibly given a new value in the following subprograms:

INIIATA
- Used but not changed in the following subprograms:

ANTGEO OUTDAT
ALFAO /PATHGE/ R*4 TROCOMINC

Minimum transmit antenna elevation angle measured from
transmitter-to-receiver line to transmit horizon line

in radians,
- Possibly given a new value in the following subprograms:
TRANSF UNITCV

- Used but not changed in the following subprograms:
INTLIM LOOPS LTCORR POWER SUMPAG TRLOSS

ALFA1 /PATHGE/ R*4 TROCOM.INC
Maximum transmit antenna elevation angle measured from
transmitter-to-receiver line to top of common volume
in radians.
- Possibly given a new value in the following subprograms:

INTLIM UNITCV
- Used but not changed in the following subprograms:
LOOPS

APOW /NCOM4/ R*4 "CON.INC 0
Angle diversity souint loss as a ratio,
- Possibly given a new value in the following subprograms:

• "S ° ,
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0
IBM version has been Preprocessed to do the including of these files that the
PP compiler will do automatically,

The description gives the definition of the variable as well as the .

maximum, default value, and units where appropriate. In the case of flags all
Possible legal values are described. Note, the units listed are those used in -

TROPO for calculations and not necessarilv those used for input or output.

The last two sections describe where the variable is given a new value and
where it is otherwise used. These sets are mutuaILy exclusive. A subprogram is
included in the first list if the variable is used in one or more of the
following: 0

1) on the left iide of an arithmetic assignment
2) data statement
3) Parameter statement (meaningful onJv in PDP version)
4) READ or ACCEPT statement

In addition, it mav be used in one or both of the following ways, but it MUST
have been used in at least one of the above. On the other hand, a suibprogram is --

included in the second list if it is not used in one of the above but is used in
one of the following:

1) on the right side of an arithmetic assignment
2) WRITE or TYPE statement

Both lists were generated bv a DECUS (Digital EouiPment Corporation User's
Group) suipplied Program. Its limitations are that neither list includes:

1) use as arguments in subprogram calls
2) use in anv statement when the variable is

enuivalenced to a common variable. The variables in
common /RZ4/ are an example of this.

3) in the case of Parameters, use as a dimension of an
array. 0

For these reasons, some variables are listed as 'Not used'. Thev are actuall "
used in one or more of the limitations Just listed# Additionally, anv variable
apparentlv not set in anv routine has either been used as an argument or has
been set in the block data section (file DATAINTTFTN).

0

. . . .
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GLOBAL VARIABLE DICTIONARY

The dictionarv describes all variables in common. Each description is of
the form:

<variable name> /<common name>/ tvpe <include file> 0
Description.
- Possiblg given a new value in the following subprograms'

(List of subprograms)
- Used but not changed in the following subprograms'

(List of subprograms)

The name is the common variable or Parameter name. If the variable is a -

matrix, the name is followed bv dimensions. En some cases these dimensions are
Parameters. When the PDP compiler finds such a variable in the code it replaces
the Parameters with their actual numeric values (as given in the file "
TROPAR.INC), For the IBM version, the code has alreadu been Preprocessed b4

SIGNATRON to use the numeric values so the actual commons will not show the
Parameters as dimensions but their values.

The common name is the name of the common the variable is contained in.
For Parameters, the word 'Parameter' is in this spot since these are not in a
common.

The tvpe, for variables and Parameters, is given as three characters! " "

L*1 1 byte LOGICAL (BYTE in the PDP version)
L*4 4 bdte LOGICAL
1*2 2 bvte INTEGER
1*4 4 bwte INTEGER
R*4 4 bvte REAL
R*8 8 bvte REAL
C*8 8 bvte COMPLEX

The include file name is only meaningful to the PDP users. It is the name

of the file containing the common with the variable being described. Again, the

. -"* .•.
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CLIMIX
Calls the following subprgraasf

ERROR EXP F1 F2 SORT

VARW
Is called bv the following subprograms:

TRC
Calls the following subprgrams:

PROFIL P21NT

SDE CA I
Is called bv the following subprograms:

CLIMIL
Calls the following subprgrams:

EXP F2

XNOR
Is called bv the following subprograms;

BERCAL MDtTS TRC
Calls the following subprgrams:

DABIS DEXP OSORT

Y INT
Is called bv the following subprograms:

CLIME
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Is called bv the following subprograms'
TROPO

Calls the following subprgrams:
ADS ASIN ATAN Cos ERROR HORANG SIN SORT

TRC
Is called bu the following subprograms:

INDATA TRCIN
Calls the following subprgrams*

ABS ALOE31O AVG EIGV PAVERG PDFCOE PDFSUM POUTAG
SORT SUBTO TIMAVO TIMEOL TIMPFAR VARW XNOR

TRC IN
Is called bv the following subprograms:

TROPO
Calls the following subprgrams:

*ALOGlO ERROR SASEQ SIJBIO TRC

TRLOSS
Is called bv the following subprograms:

LOOPS
Calls the following subprgraos:

ADS ALOGIO AMAXI ERROR

TSINC
Is called bv the following subprograms:

BOTAC JAMCOM
Calls the following subprgrams:

[DABS SINC

TX PUL S
Is called bv the following subprograms:

EIGV P21NT
Calls the following subprgramss

SORT

UNITCV
Is called bv the following subprograms:

INDATA SUMPAG
Calls the following subprgrams:

* ERROR

UNITS
Is called bw the following subprograms:

INDATA
Calls the following subprgrass:

AtiOl ERRID

VARPOL
Is called bv the following subprograms'#
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SUHPAG
Is called bv the following subprograms'*

I ROPO
Calls the following subprgrams 0

ABS ALOI1O AN7PTR ERROR SIM UNITCV

TANGI
Is called bv the followin~g subprograms:

MDIF
Calls the followin~g subprgrams? 0

ABS ASIN Cos HORANG SIN SORT

TGAIN
Is called bv the following subprograms'.

DIFSNR LOOPS
* Calls the following subprgrans S

GPAT T

TIMAVG
Is called bv the followingg subprograms:

TRC
Calls the following subprgrams:

EXP INTERD

TIMEOL
Is called bu the following subprograms:

TRC
Calls ne followin~g subprgrams:*

ABS TIMPAR

TIMPAR
Is called bv the following subprograms;

TIMEUL TRC
Calls the following subprgrans'.

PROFIL P21NT

TPSPEC
Is called bv the following subprograms:

PIJRSPC TF'SPJ
* Calls the following subprgrams S

SIN

TPSPJ
Is called bv the following subprograms:

PWRSPC
Calls the following subprgrams? S

EXP S9RT TPSPEC

TRANSF
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ERR /CONTROL/ R*4 TROCOM.INC
Common volume integration resolution. Default is .001.
- Possiblu given a new value in the following sojbprograms:

INDATA
- Used but not changed in the following subprograms:

INTLIM LOOPS OUTDAT STPPAR SUMPAG
F /SYSTRN/ R*4 TROCOM.INC

Operating f-eauencv in Hz. Model is accurate between
100MHz and 10GHz.
- F-:,siblv given a new value in the following subprograms:

INDATA UNITCV
- Used but not changed in the following subprograms: S

ANTGEO ATMOS DIFSNR MAIN OUTDAT POWER SUMPAG
F50L /BUTPAR/ R*4 BUTPAR.INC

50d0 normalized corner freeuencv.
- Possiblv given a new value in the following subprograms:

FUNBW
- Used but not changed in the following subprograms:.

FCCMSK
FCJ /JAMFAR/ R*4 JAMPAR.INC

Normalized 3dB cut-off freauencv of QPSK interference
filter.
- Possiblv giver, a new value in the following subprograms:.

BWJAM S
- Used but nc.t changed in the following subprograms.
PSPJ TPSPJ

FCON /BUTPAR/ R*4 BUTPAR.INC
Ratio of bandwidth to twice the slimbol rate.

Possibly given a new value in the following subprograms'#
BUTFIL BWJAM 5
Used but not changed in the following subprograms:
FUNBW

FCRX /BUTPAR/ R*4 BUTPARINC
Normalized 3dB cut-off frea.uencv of receiver filter.
- Possibly given a new value in the following subprograms:

BUTFIL BWJAM IN(ATA S
- Used but not changed in the following subprograms:

PSPECl PSPEC2 PWRSPC R.JCFCN SPEC1
FCTX /BUTPAR/ Rt4 BUTPAR.INC

Normalized 3d8 et-off freauency of transmitter
filter.
- Possibly given a new value in the following subproArams: -

BUTFIL FUNBW INDATA
- Used but not changed in the following subprograms:
A5OFCC BWJAM PSPJ SPECI SPEC2 TPSPJ

FILLER(88) /RZ4/ R*4 RZ4.INC
Dummv arrav to aliqn commons.
-- Not used-- •

FJSEPH /JAMPAR/ R*4 .JAHPAR.INC
Normalized freauenc separation between the

-. . .. . .. . . . .
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0

interference signal and the desired signal.
Possiblv given a new value in the following subprograms:
BUTFIL RJCFCN

- Used but not changed in the following subprograms:
FUNJAM PSPEC2 PWRSPC

FMI /JAMPAR/ R*4 JAMPARoINC
Modulation index for FDM/FM interference.
- Possibly given a new value in the following subprograms:

BWJAM
- Used but not changed in the following subprograms:

PSPJ TPSPJ
FOUTL(3,4) /ERAD/ R*4 ERAD.INC

Cumulative fade outage Per call minute for each
diversity configuration and error rate threshold
(averaged over multipath distribution, if anv).
- Possibly given a new value in the following subprograms:

* PROUT S
FSEP /PDATA/ R*4 PDATA.INC

Freauency separation for uncorrelated freauenc-
diversity in Hz.
- Possibly given a new value in the following subprograms:

LOOPS
- Used but not changed in the following subprograms: ..

SUMPAG
FT /UNIT/ R*4 IODATA.INC

String 'ft ' for units output,
- Used but not changed in the following subprograms:

OUTDAT UNITS
GHZ /UNIT/ R*4 IODATA.INC

String 'GHz ' for units output.
- Used but not changed in the following subprograms.-

INfIATA OUTDAT UNITS
GPF /CURVE/ R*4 CURVE,IN.

Freeuencv correction factor for user supplied 90th
Percentile variability curve. Default is 1. S
- Possibly given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

CLIME
GRDB(NRMX) /ANTENN/ R*4 TROCOM.INC

* Gain of each receive antenna in dBi. ,
- Possibly given a new value in the following subprograms:

" ~MAIN -.i

-Used but not changed in the following subprograms:
DIFSNR POWER SUMPAG

GTDB(NTMX) /ANTENN/ R*4 TROCOM.INC
Gain of each transmit antenna in dBi.
- Possibly given a new value in the following subprograms:

MAIN
- Used but not changed in the following subprograms:

00
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DIFSNR POWER SUMPAG
HCOh /PATHGE/ R$4 TROCOM.INC

Effective height of the bottom of the common volume in
meters,
- Possiblv given a new value in the following subprograms:

LOOPS TRANSF UNITCV
- Used but not changed in the following subprograms:
LTCORR SUMPAG

HHIGH /PATHGE/ R*4 TROCOM,INC
Effective height of the top of the common volume in
meters.
- Possiblq given a new value in the following subprograms: 0

INTLIM UNITCV
- Used but not changed in the following subprograms

SUMPAG
HI(155) /MCOM4/ R*4 HCOM.INC

Arrav containing NPM(l) evenlv-spaced terrain
elevation data (in meters) between transmitter and 6
first obstacle followed bw NPM(2) evenlv-spaced
terrain elevation data between first. and second
obstacle, etc., ending with NPM(NOBS+1) evenlv-spaced
terrain elevation data between last obstacle and
receive site. The data should be selected such that:

HI(1) = Terrain elevation above sea level at
transmit site (HTO).

HI(NPM(1)) = HI (NPM(1)+I) = Elevation of Ith
obstacle above sea level (HL(I)).

HI(NPM(NOBSfl)) = Terrain elevation above sea
level at receive site (HRO).

In MDTS, HI is used as work space* It is eouivalenced 0
to local arras."
- Possiblv given a new value in the following subprograms:

IN[0ATA UNITCV
- Used but not changed in the following subprograms:

DIFSNR OUTDAT POWER
HL(3) /MCOM4/ R*4 MCOM.INC

Arrau containing elevation of each obstacle above sea
level in meters. HL(l) is elevation of transmitter
radio horizon HLT. HL(NOBS) is elevation of receiver
radio horizon HLR.
- Possiblv given a new value in the following subprograms:

INDATA UNITCV -
- Used but not changed in the following subprograms:

DIFSNR MAIN OUTDAT
HLAV(3) /MCOM4/ R*4 MCOM.INC

Arrav containing average terrain elevation at each
diffraction Point in meters,
- Possiblv given a new value in the following subprograms: -

INDATA UNITCV
- Used but not changed in the following subprograms:

......................... .................... ......... . °..•...,
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DIFSNR OUTDAT
HLEF(3) /MCO4/ R*4 MCOH.INC

Arrav containing effective height of obstacles above
average terrain elevation in meters.
- Possiblu given a new value in the following subprograms'#

INDATA UNITCV
- Used but not changed in the following subprograms?
DIFSNR OUTDAT

HLOW /PROPAR/ R*4 TROCOMINC
Lowest height above sea level at which CN2 is
specified in meters.
- Possiblv given a new value in the following subprograms* #

INDATA UNITCV
- Used but not changed in the following subprograms?

LOOPS OUTDAT
HLR /PATHSE/ R*4 TROCOM.INC

Receiver radio horizon elevation above sea level in
meters. •
- Possiblu given a new value in the following subprograms:

INDATA TRANSF UNITCV
- Used but not changed in the following subprograms?-
OUTDAT SUNPAG

HLT /PATHGE/ R*4 TROCOM.INC
Transmit radio horizon elevation above sea level in
meters.
- Possiblu given a new value in the following subprograms*#

INDATA TRANSF UNITCV
- Used but not changed in the following subprograms:
OUTDAT SUNPAG

HRE /MCOM4/ R*4 ICOM.INC 5
Effective receiver antenna height above average
terrain elevation in meters.
- Possibly given a new value in the following subprograms:

INDATA POWER UNITCV
- Used but not changed in the following subprograms?

DIFSNR
HRN /PATHGE/ R*4 TROCOMINC

Receive antenna height above sea level in meters,
- Possiblu given a new value in the following subprograms?

INDATA TRANSF UNITCV
- Used but not changed in the following subprogramst

DIFSNR INTLIM JAMCOM LTCORR MAIN OUTDAT POWER SUNPAG
HTE /MCOW4/ R*4 MCOM.INC

Effective transmitter antenna height above average
terrain elevation in meters.
- Possibly given a new value in the following subprograms?

INDATA POWER UNITCV
- Used but not changed in the following subprograms?

DIFSNR OUTDAT
HTN /PATHGE/ R*4 TROCOMINC

:S ii
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Transmit antenna height above sea level in meters.
- Possiblv given a new value in the following subprograms'#

INIIATA TRANSF UNITCV
- Used but not changed in the following subprograms'#
DIFSNR INTLIM LOOPS MAIN OUTDAT POWER SUMPA3

11CORR(NCORMX) /PDATA/ 1*2 PDATA.INC
Arrav of receiving beams involved in the correlation
calculations.
- Possiblv given a new value in the following subprograms:

LOOPS
- Used but not changed in the following subprograms.'

Sim SUIIPAG
12CORR(NCORMX) /PDATA/ 1*2 *PDATA.INC

Arrav of receiving beams involved in the correlation
calculations.
- Possiblv given a new value in the following subprograms:

LOOPS
- Used but not changed in the following subprograms:

Sim SIJMPAG
IBLOSS(6) /CPLOSS/ 1*2 CPL.INC

Beam niumber corresponding to tCPL(I),
- Possibly given a new value in the following subprograms:
LOOPS

- Used but not changed in the following subprograms:
POWER

IBR(NRMXPNRMX) /SYSTRN/ 1*2 TROCOM.INC
Channel complex-envelope correlation and
cross-correlation calculation indicator array.

0 = No calculation
1 = Power (correlation) calculation onld
2 = Power (correlation) Per unit delav

spectrum calculation
- Possibly given a new valkie in the following subhprograms:
AN1GFO INIIATA

- Used but not changed in the following subprograms:
CHKDAT LOOPS OUTDAT STPPAR SUMPAG

IBW /MCOM2/ 1*2 MCOM.INC
Switch indicating tyPe of RF bandwidth constraint to
be used on desired signal, Default is 0.

0 = No RF filtering
1 = Filter determined from 99% bandwidth constraint
2 = Filter chosen to meet FCC Mask. (FCC-19311)
3 = Filters are user specified

- Possiblv given a new valuie in the following subprograms:
INPATA

- Used but not changed in the following subprograms:*
BOTAC MAIN MDTS OIJTDAT SIGIN

ICHIP(30) /SYSPAR/ 1*2 SYSPARINC
PN seouence for spectrum spreading when the data
rate is much smaller than the bandwidth,
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- Possiblv given a new value in the following subprograms'
TRCIN

- Used but not changed in the following subprograms:
TRC TXPULS

ICLINE /MCOM2/ 1*2 MCOMINC
Climate class. Default is 0.

0 = NBS TN-101 climate
1 = MIL-HDBK-417 climate
2 = New, user-supplied climate

- Possiblv given a new value in the following subprograms:
INDATA

- Used but not changed in the following subprograms:
OUTDAT SUMPAG

ICON /BUTPAR/ 1*2 DUTPAR.INC
1 = 99% bandwidth constraint
2 = FCC-13911 bandwidth constraint

- Possiblg given a new value in the following subprograms: -

BUTFIL BOJAM
- Used but not changed in the following subprograms:

FUNBW
ICORR /MCOM2/ 1*2 HCOlINC

Multipath ProfiLe correlation indicator. Default . .
is 2.

0 = Profile of the form X * exp(-A*X) -- used for
debugging

I = Computed multipath Profile; no beam correlation
2 = Computed multipath Profite; benm correlation.

- Used but not changed in the following subprograms:
CAC DINT MDFS SIGIN

ICPL /CPLOSS/ 1*2 CPL.INC
Coupling loss count.
- Possibly given a new value in the following subprograms:
LOOPS

- Used but not changed in the following subprograms:
POWER TRI.OSS

IDM /UNIT/ 1*2 IODATA*INC 6
0 if degrees, 1 if milliradians,
- Possibly given a new value in the following subprograms:

UNITS
- Used but not changed in the following subprograms:

UNITC V
IFILE /MCOM2/ 1*2 NCOM.INC 5

Pointer to m'jltipath Profile,

- Possibly given a new value in the following subprograms.
MATCO MDTS

- Used but not changed in the following subprograms',
CAC

IFILRX /BUTPAR/ 1*2 BUTPAR.INC
Receiver filter indicator.

0 = MD-918 receiver filter. Also means

0

:~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~ . .-:.-.-:...:......... .-.....-... ..-.....-.............. ............ ...... :......-.. .-..... .-.-.-......-. : .::.:
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .." '' "- " "-"' " ' '' :''' ': '' : :' ., ', '
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filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eoual to swmbol duration,

I = (not allowed)
2 = AN/TRC-170 receiver filter. Also means

filter is a Butterworth. 0
- Possiblv given a new value in the following subprograms:

BUTFIL INDATA
- Used but not changed in the following subprograms:

FUNJAM PSPEMl PSPEC2 PWRSPC SPECI
IFILTX /BUTPAR/ 1*2 BUTPAR.INC

Transmitter filter indicator. 0
0 = MD-918 transmitter filter. Also means

filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eoual to svmbol duration.

1 = AN/TRC-170 transmitter filter. Also means
filter is a cascade of Butterworth filter
with rectangular impulse response filter
of duration eaual to half simbol duration.

2 = (not allowed)
- Possiblv given a new value in the following subprograms:

BUTFIL INDATA
- Used but not changed in the following subprograms:
A5OFCC BWJAM FUNBW PSPJ SPECI SPEC2 TPSPJ

IME /UNIT/ 1$2 IODATA.INC
0 if metric units, 1 if English.
- Possiblv given a new value in the following subprograms:

UNITS
- Used but not changed in the following subprograms:
UNITCV

IMG /UNIT/ 1*2 IODATAINC
0 if MHz, 1 if 13Hz,
- Possibly given a new value in the following subprograms'.

UNITS
- Used but not changed in the following subprograms:
UNITCV

INEG /PDATA/ 1*2 PDATA.INC
Number of negative dela4 cells encountered in
troposcatter integration. It is an error if INEG > 0.
- Possiblv given a new value in the following sjbprograms: "
LOOPS

- Used but not changed in the following subprograms:
SUMPAG

INS /UNIT/ 1*2 IODATA.INC
0 if nautical miles, I if statute miles.
- Possiblv given a new value in the following subprograms:

UNITS
- Used but not changed in the following subprograms:
UNITCV

S
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IOPEND /CONTRL/ 1*2 TROCOM.INC
Number of output files opened,
- Possibl given a new value in the following suhprograms!

INDATA SUMPAG
IOPERF /IOJT/ 1*2 IOUT.INC

Switch for calculation of Performance of AN/TRC-170, S
0 = ABER and outage Probabilitv
1 = ABER (average bit error rate) onlv
2 = Outage Probabilitv onlw

Set to 0 internallu.
- Possiblu given a new value in the following subprograms:
TRCIN S

- Used but not changed in the following subprograms:
TRC

IOTIME /IOUT/ 1*2 IOUTINC
Switch for calculation of Performance of AN/TRC-170,

0 Short term Performance assuming various
samplin4 times.

1 Short term Performance assuming Gaussian
timing Jitter.

2 Yearlv average Performance assuming
Gaussian timini Jitter.

Set to 2 internallv.
- Possiblv given a new value in the following subprograms:

TRCIN
- Used but not changed in the following subprograms:

TRC
IPOLR(NRMX) /ANTENN/ 1*2 TROCOM.INC

Array of receiver antenna Polarizations.
- Possibly given a new value in the following subprograms: S
ANTGEO INDATA

- Used but Pot changed in the following subprograms:
LOOPS OUTDAT STPPAR SUNPAG

IPOLT(NTMX) /ANTENN/ 1*2 TROCOM.INC
Arrav of transmitter antenna Polarizations.
- Possibly given a new value in the following subprograms:
ANTOEO INDATA

- Used but not changed in the following subprograms'
LOOPS OUTDAT SUNPAG

IPOS /PDATA/ 1*2 PDATA0INC
Number of delay celLs exceeding the last allocated
array element. This number should be zero or small. 
IPOS > 0 is not a serious error unless the dela.
Profile calculated has a clear Peak in the last delaw
cell.
- Possibly given a new value in the following subprograms:

LOOPS
- Used but not changed in the following subprograms: 5
SUNPAG

IPROF(NCORHX) /PDATA/ 1*2 PDATAINC

*
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0 if the Ith correlation not wanted, 1 if wanted.
- Possibly given a new value in the following subprograms'#

LOOPS
- Used but not changed in the following subprograms: . ---

SIm SUMPAG
IPROFL /SYSPAR/ 1*2 SYSPAR*INC -

Parameter that indicates whether troposcatter Power
Per unit delav Profile of the form X exp (-A*X) is to
be used (IPROFI. = 0) or not. Set to zero in TRCXN.
- Possiblv given a new value in the following subprograms:

TRCIN
- Used but not changed in the following subprograms' #

EIGV TIMPAR TRC VARW
IPULS /SYSPAR/ 1*2 SYSPAR.INC

Switch to indicate whether Pulse shape at input of the
AN/TRC-170 detector includes the effects of RF filters
(IPULS = 2) or not (IPULS = 0 or 1), Set to 2
interr3llw. If IBW is O, set to 1. 6
- Possiblu given a new value in the following subprograms:

TRC IN 2
- Used but not changed in the following subprograms:

P2INT TRC TXPULS
IRF /PATHGE/ 1*2 TROCOM.INC

Parameter which indicates whether reference horizon
elevation angles have been calculated (IRF = 1) in
Previous run, It has meaning onlv when ITOFF = 3.
- Possiblv given a new value in the following subprograms:

TRANSF
IRSN /NUMPAR/ 1*2 NUMPAR.INC

Number of values in SNR arrav RSNRSN(30)# Used to
calculate ISI statistics for AN/TRC-170. Initiall-
set to 30.
- Used but not changed in the following subprograms:

POUTAG
ISN /IOUT/ 1*2 IOUT.INC

Number of SNR values for which short-term Performance
of AN/TRC-170 is to be Performed, Set to 17.
- Possiblv given a new value in the following subprograms:

TRCIN
- Used but not changed in the following subprograms"

TRC
IT /IOUT/ 1*2 IOUT.INC

Number of different sampling times to be used in
calculation of AN/TRC-170 short term Performance.
- Used but not changed in the following subprograms:

TRC
ITER /PDATA/ 1*4 PDATA.INC

Number of integration cells in the common volume e
integration.
- Possiblv given a new value in the following subprograms:
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LOOPS
- Used but not changed in the following subprograms:
POWER SUMPAG

[TOFF /PROPAR/ 1*2 TROCOK.INC
Control indicator for entra or calculation of
transmit/receive radio horizon angles THET and THER.
Values have following meanings:

0 = Use input THET, THER as reference and
actual horizon (default),

1 = Calculate reference horizon using HORANG
and K eouals t.33. (Assuming DLT and OLR
are non-zero.) (Option not available.)

2 = Calculate reference horizon using HORANG
and K eauals ERFAC, (Assuming DIT and DLR
are non-zero.)

3 = Do not change reference horizons from
Previous run. (Option not available.)

- Possiblv given a new value in the following subprograms:
INDATA HAIN OUTDAT

- Used but not changed in the following subprograms:
TRANSF

JBW /JAMF'AR/ R*4 JAMPAR.INC
99Z interferer bandwidth in NHz.
- Possibly given a new value in the following subprograms:

BUTFIL
- Used but not changed in the following subprograms:#

BWJAM

JFILT /MCOM2/ 1*2 MCOM.INC
Interference covariance matrix calculation indicator.
Onlu used when IBW eauals 0, otherwise ignored.
Default is 0,

0 = Interferer covariance matrix calculation
done in subroutine ROTAC

I = Interferer covariance matrix calculation
done in subroutine JAMCON

- Used but not changed in the following subprograms:
BOTAC OUTDAT

JPOW /JAMPAR/ R*4 JAMPARINC
Interferer Power density in dBm/Hzt -174 or less
denotes no interference. Default is -1000 dBm/Hz.
- Possiblv given a new value in the following subprograms:

BUTFIL
- Used but not changed in the following subprograms:

BWJAM
J02M /ICOH4/ 1*2 MCOM.INC

Pointer to centroid of lower beam troposcatter signal
Power Per unit delay Profile.
- Possiblv given a new value in the following subprograms,
POWER

- Used but not changed in the following subprograms:t

-.'..'.. . .', .. ' -. . .'-. .'. .'..'.....-............-.......'..... .. -'- - .... . .-. '
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CAC DINT
JREFL /MCOM2I 1*2 MCOM.INC

Indicates whether specular reflection is to be
included in interferer covariance matrix calculation - .

(JREFL = 1) or not (JF<EFt. = 0), Default is 0.
- Used but not changed in the following subprograms: -

JA MCD
KGAIN /RZ/ 1*2 RZ.INC

Integer ratio of bandw~idth to data rate.
- Possiblv given a new value in the following subprograms'.
POWER

- Used but not changed in the following subprograms?'
CAC DINT MDTS SASEG SI'31N SINT TftCIN

KISI /NIJMPAR/ 1*2 NUMPAR.INC
Parameter for calculation of AN/TRC-170 outage
probability, Set to 6 in data statement,
- Used but not changed in the following subprograms:
POUTAG TRC

KLIMAT /PR'JPAR/ 1*2 TROCOM.INC
Climate zone indicator. Default is 0.

0 = User supplied climate
NI4S TN101 climates

I = Continental temperate (CT)
2 = Maritime temperate overland (MTL)
3 =Maritime temperate oversea (MTS)
4 =Maritime subtropical overland 080L
5 =Continental temperate time block 2 (CT2)

(winter afternoon hours) - formerly
Maritime subtropical oversea (MSS)

6 = Desertv Sahara (OS)
7 = Eauatorial (EOU)
8 = Continental subtropical (CS)

MIL-HDBK-417 climates
9 =Continental temperate (CT)
10 =Maritime temperate overland (MTL)
11 =Maritime temperate oversea (MTS)
12 =Maritime subtropical (MS)
13 =Desertt Sahara (DS)
14 = Eouatorial (EQU)
15 =Continental subtropical (CS)
16 = Mediterranean (NED)
17 = Polar (P01)

- Possibly given a new value in the following subprograms:
INDATA

- Used but not changed in the following subprograms'#
AVAIL POWER

KM /UNIT/ R*4 IODATA.INC
String 'km I for units output#
-Used but not changed in the following subprograms'#
INDATA OUTDAT UNITS
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0

ROF /PROPAR/ 1*2 TROCOM.INC
Actual number of samples in height Profile of
structure constant CN2. Limited to NPRUF samples.
- Possibly given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms!

LOOPS OUTDAT RIPROF
NG /MCOM2/ 1*2 MCOH.INC

Pointer to data array elements containing interferer
azimuth and elevation angles.
- Possibly iven a new value in the following subprograms:
MDTS S

- Used but not changed in the following subprograms!
JAMCON

EBUG /LUNS/ 1*2 LUNS.INC
Debug output unit. Always the same as LOUT but used
to uniouely identify the write statements.
- Used but not changed in the following subprograms:

MATCO
RR /LUNS/ 1*2 LUNS.INC

Error output onit.
- Used but not changed in the following subprograms:
ANTGEO BUTFIL BWJAM CL[ME CLIMIL CLIMIX CONVOL DEIND
DIFSNR DIF1 INDATA LTCORR MDIF NPTS ORDER POWER
SEARCH SECTOR SIGIN [ANO;L TRC UNITS

N /LUNS/ 1*2 LUNS.INC
TROPO.DAT input unit number.
- Possibly given a new value in the followin5 subprograms:

INDATA SECTOR UNITS
:NKNO /IODATA/ 1*2 IODATA.INC

Link number.
- Possibly given a net value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

SUMPAG
SI /MCOM2/ 1*2 MCOM.INC

Number of future Intersymbol Interference (SI)
contributors considered in MD-918 Performance
calculation. Default is 2.
- Possibly given a new value in the following subprograms?#

INDATA SIGIN
- Used but not changed in the following subprograms:

MATCO OUTDAT
IAME(20) /IODATA/ 1*2 IODATA.INC

Link name. Transmitter site first, receiver site
second. Used as link identifier on output files
FOROO2.DAT and SUNPAG.OUT.
- Possibly given a new value in the following subprograms 0

INDATA
- Used but not changed in the following subprograms: ..-

S-ii~l-

....................................................
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OUTDAT SUIPAG
r /LUNS/ 1*2 LUNS.INC

FOROO2.DAT output unit number.
- Used but not changed in the following subprograms:

AVAIL BERCAL BOTAC BUTFIL CLIFIT CLIMIX DIFSNR ERRIO
ERROR MAIN HATCO NDIF MDTS OIJTDAT POWER PROUT -

SASEG SIM SINT SUB1D TRC TRCIN
/LUNS/ 1*2 LUNS.INC
SUMPAG.OUT output unit number.
- Used but not changed in the following subprograms:

SUNPAG
ITS /UNIT/ 1*2 IODATA,1NC •

Integer value that specifies the set of units
reauested bv the user. These units are for Path,
antenna location, ansle, and freeuencv Parameters.
Default is 8. The given units are defined bv bit
values of LUNITS:
Bit no. Meaning of value 0 / I
0 english / metric
I statute miles / nautical miles
2 fept / meters
3 mrad / degrees
4 Hz /MHz

Valid LUNITS values are
0 : stat. miles - feet - milliradians - 6Hz
1 kilometers - meters - milliradians - GHz
2 : naut. miles - feet - milliradians - GHz
8 : stat. miles - feet - degrees - GHz
9 : kilometers - meters - degrees - GHz
10: naut.miles - feet - degrees - GHZ
16: stat. miles - feet - milliradians - MHz
17: kilometers - meters - milliradians - MHz
18: naut, miles - feet - milliradians - MHz
24: stat. miles - feet - degrees - MHz
25: kilometers - meters - degrees - MHz
26: naoit. miles - feet - degrees - MHz
- Possibly given a new value in the following subprograms:

UNITS
- Used but not changed in the following subprograms:

OUTDAT SUMFAG UNITCV
6 /MCOM2/ 1*2 MCOM.INC

Number of values of interferer azimuth/elevation Pairs 0
(JANG) for which outage calculations are to be made.
Default is 1.
- Possibly given a new value in the following subprograms: . .

INDATA
- Used but not changed in the following subprograms:
MDTS ourDAT

ST /ERAD/ 1*2 ERAD.INC
Multipath distribution indicator.
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0 = Onlv median multipath spread used(default)
1 = Multipath distribution used. (Option not

currentlv available.)
- Used but not changed in the following subprograms:

INDATA MAIN POWER PROUT
/UNIT/ R*4 IODATA.INC 0
String 'met ' for units output.
- Used but not changed in the following subprograms:

ANTGEO OUTDAT UNITS
/UNIT/ R*4 IODATA.INC
Strin 'MHz ' for units output.
- Used but riot changed in the following subprograms:

ANTOEO INDATA OUTDAT UNITS
/PDATA/ 1*2 PDATA.INC
Number of simulator taps. Default is 16.
- Possible given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

SIm
T /MCOM2/ 1*2 MCOM.INC

Propagation/modem flag to se'ert calculation mode.
Default is 1.

0 = Propagation onl
I = Propagation + MD-918 modem
2 = Propagation + AN/TR(C-170 or DAR modem
3 = Propagation + user-defined modem

- Possibly giver, a new value in the following subprograms:*
INDATA POWER

- Used but not changed in the following subprograms:O
MAIN OUTDAT SUMPAG

/JAMPAR/ 1$2 JAMPAR.INC
Interference signal modulation format. Default is 1.

0 = Analog FJ!M / FM
I = Digital UPSK-

- Possibly given a new value in the following subprograms!
BUTFIL S

- Used but not changed in the following subprograms:
BWJAM PSPJ TPSPJ

IG /MCOM2/ 1*2 MCOM.INC
Interference signal micdslation format. Default is I.

0 = Analog FDM / FM
1 = Digital QPSK

- Possibly given a new value in the followino subprograms:
INDATA

- Used but not changed in the following subprograms:
MAIN OUTDAT SUMPAG

/ERAD/ 1*2 ERAD.INC
Loop limit for MRAD. Default is 1.
(MRAD is I for MDIST = 0 and MRAD is 3 for MIST = 1).
- Possiblv given a new value in the following subprograms*.

.... h .-. .- :- a ..-.-........-..... ,......". '.. "..........."...........".......,'."..."..--'
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INDATA
- Used but not chanEed in the following subprograms:

MRADNS /UNIT/ R*4 IODAIA.]NC
String 'mrad' for units output.
- Used but not changed in the following subprograms: -

ANTGEO OUTDAT UNITS
NACCU /CONTRL/ 1*2 TROCONINC

Parameter used as truncation Point for common
volume integration termination. Default is 40.
- Possiblv given a new value in the following subprograms:

Lw INDATA•

- Used but not changed in the following subprograms:
LOOPS OUTDAT SUHPAG

NANG /R12/ 1*2 R12.INC
HANG is I if there is angle diversitu (default).
- Possiblv given a new value in the following subprograms:

INDATA 0
- Used but not changed in the following subprograms:

NDTS
NB /R12/ 1*2 R12.INC

Number of elements accessed in arraus DU, DX and DY.
- Used but not changed in the following subprograms:

CAJI
HCHIP /SYSPAR/ 1*2 SYSPAR.INC

Number of chips in PN seauence used to expand
bandwidth in AN/TRC-170.
- Possiblv given a new value in the following subprograms:

TRCIN
- Used but not changed in the following subprograms:

P2INT TRC TXPULS
NCLINE /MCON2/ 1*2 HCOM.IN"

Flag set to 1 if ICLIME eeials 2.
- Possiblv given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

OUTDAT
NCORMX Parameter 1*2 TROPAR.INC

Maximup number of correlations between receive Ports.
- Used but not changed in the following subprograms:

LOOPS SIN
NCORR /PDATA/ 1*2 PDATA.INC

Number of receive Port correlations.
- Possible given a new value in the following subprograms:

LOOPS
- Used but not changed in the following subprograms'-

POWER SIN SUMPAG
NDELMX Parameter 1*2 TROPARINC -

Haximum number of delaw bins in troposcatter Power Per
unit delaw Profiles.

- . •

- . .J. _ _,-_ .. . . . . . . . . . . . . . . . . . . . . . . ..". . . . ..".... .. , ",... . ,. ". .,, .J-"J ", ".: " " "• ? " _,,: '¢ " ',' 1# Z,'
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- Used but not changed in the following subprograms:
LOOPS MDIF POWER SIM SUMPAG

" NDELG /HCOD4/ 1*2 NCOMNINC
Number of non-zero elements of troposcatter Power Per
unit delay profiles O(NPELQ,1),
- Possibly given a new value in the following subprograms! 0

POWER
- Used but not changed in the following subprograms'

CAC DINT
• NDIVS /SYSPAR/ 1*2 SYSPAR.INC

Number of explicit diversity channels for AN/TRC-170.
Eoual to 4 for 2S/2F and 2 for 28 or 2F,

- Possibly given a new value in the following subprograms:
TRCIN

- Used but not changed in the following subprograms.
AVG TRC VARW

NEIGEN /ANSWER/ 1*2 ANSWER.INC
Number of implicit diversity eigenvalues (stored in ,-
array VEIGV) used in calculation of AN/TRC-170
Performance.
- Possibly given a new vslue in the following subprograms.

EIGV
- Used but not changed in the following subprograms:

AVG TRC 0

NERT /MCOM2/ 1*2 MCOMINC
Bit error rate threshold indicator for yearly fade
outage Probability calculation. Default is 2.

0 = All three thresholds
1 = For 10**(-3) only .
2 = For 10**(-4) only S
3 = For 10**(-5) only

Possibly given a new valipe in the following subprograms:
INDATA
Used but not changed in the following subprograms:
BERCAI. MAIN MDTS OUTPAr SUMPAG

NEWCL(4) /MCOM2/ 1*2 MCOH.INC S
New climate type character string.
- Possibly givern a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms--

OUTDAT SUMPAG
NFIG /MCOM4/ R*4 MCOM.INC S

Receiver noise figure in dB. Default is 4dB.
- Possibly given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

DIFSNR OUTDAT POWER
NIP /RZ/ 1*2 -

Initialization constant for numerical eaualizer
covariance matrix calculation.

• . . • .
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S

- Possibly given a new value in the following subprograms:
MDTS

- Used but not changed in the following subprograms: -'

CAC
NJR /RZ4/ 1*2 RZ4.INC

Number of sample Points for RJCOR.
- Possibly given a new value in the following subprograms:

BUTFIL
- Used but not changed in the following subprograms:

BOTAC

NMI /UNIT/ R*4 IODATA.INC S
String 'nmi ' for units output.
- Used but not changed in the following subprograms:
OUTDAT UNITS

NOBS /MCOH2/ 1*2 MCOM.INC
Number of diffraction obstacles. MaximuIm is 3,
default is 1.
- Possibly givern a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

DIFSNR HAIN OUTOAT POWER
NOW(8) /TSTANP/ L*1 IODATA.INC

Array used in PDP-11/70 version to hold time of day as S
characters.
- Used but not changed in the following subprograms:

MAIN OUTDAT SUMPAG"
NPH(5) /hCOH2/ 1*2 MCOH.INC

Array containing number of terrain elevation data --
Points for calculation of effective antenna heights S

for each section of the diffraction Path.
- Possibly given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

DIFSNR OUTDAT POWER
NPOINT /NUMPAR/ 1*2 NUNPAR.INC S

Number of Points for numerical integration.
- Used but not changed in the following subprograms:

TRC
NPOLJ /JAMPAR/ 1*2 JAMPAR.INC

Number of Poles in the QPSK interference filter.
- Possibly given a new value in the following subprograms.

BW.JAN
- Used but not changed in the following subprograms?$

PSPJ TPSPJ
NPOLRX /BUTPAR/ R*4 BUTPAR.INC

Number of Poles in the receive Butterworth filter.
- Possibly given a new value in the following subprograms: •

BWJAM INDATA SEARCH
- Used but not changed in the following subprograms? "'"'"

BUTFIL FUNJAM PSPEC1 PSPEC2 PWRSPC SPECI

-. .

." ,
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NPOLTX /BUTPAR/ 1*2 BUTPAR*INC
Number of Poles in the transmit Butterworth filter.
- Possiblu given a new value in the following subproirams:

BWJAM INDATA SEARCH
- Used but not changed in the following subprograms!
A5OFCC BUTFIL FUNBW PSPJ SPE(I SPEC2 TPSPJ

NPROF Parameter 1*2 TROPAR.INC
Dimension of arraw containing the structure constant
height Profile (CN2).
-- Not used --

NR /SYSTRN/ 1*2 TROCOM.INC
Number of receive Ports. S
- Possiblu given a new value in the following subprograms:
ANTGEO INDATA

- Used but not changed in the following subprograms.
CHKOAT INTLIM LOOPS MAIN OUTDAT STPPAR SUMPAG TRANSF
UNITCV

NRAD /ERAD/ 1*2 ERADINC
ERFAC indicator and loop counter, Default is 1.
- Used but not changed in the following subprograms,

MAIN POWER PROUT
NRMX Parameter 1*2 TROPAR.INC

Maximum number of receive Ports.
- Used but not changed in the following subprograms:
ANTPAR CHKDAT

NT /SYSTRN/ 1*2 TROCOM.INC
Number of transmit Ports.
- Possiblv given a new value in the following subprograms:
ANTGEO INDATA

Used but not changed in the following subprograms:
CHKDAr INTLIM LOOPS HAIN OUTDAT STPPAR SUMPAG TRANSF
UNITCV

NTAP /MCOM2/ 1*2 MCOM.INC
Number of adaptive forward eaualizer taps (AFE) in
MD-918 modem. Set to 3 in INOATA.
- Used but not changed in the following subprograms: 5

OUTDAT SIGIN
NTERR /MCOM2/ 1*2 MCOMINC

Control Parameter for entrv or calculation of
effective antenna heights (HTE, HRE) and effective
obstacle heights above average terrain elevation
(HLEF).

0 = HTE and HRE supplied directl"
I = AVErX and AVERX supplied
2 = H1(.) supplied

- Possiblw given a new value in the following subprograms: -

INDATA " -

- Used but not chanted in the following subprograms:
DIFSNR OUTDAT POWER

NTHI /IOUT/ 1*2 IOUT.INC

-S % '
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Pointer to largest bit error rate threshold of
interest for AN/TRC-170 outage Probabilitv
calculation,
- Possiblu given a new value in the following subprograms: .. -

TRCIN
- Used but not changed in the following subprograms'#

TRC
NTH2 /IOUT/ 1*2 IOUTINC

Pointer to smallest bit error rate threshold of
interest for AN/TRC-170 outage Probabilitu
calculation.
- Possibly given a new value in the following subprograms:

TRCIN
- Used but not changed in the following subprograms#

TRC
NTHR /SYSPAR/ 1*2 SYSPAR.INC

Pointer to bit error rate threshold for AN/TRC-170
outage Probabilitu calculation.
- Used but not changed in the following subprograms:

POUTAG TRC TRCIN
NTNX Parameter 1*2 TROPAR.INC " -

Maximum number of transmit Ports.
- Used but not chanled in the following subprograms! -

AHTPAR CHKDAT
NTR /RZ4/ 1*2 RZ4.XNC

Number of samples for calculating transmit-receive
filter impulse response (rRFILT).
- Used but not changed in the following subprograms:

BUTFII. CAC TXPULS
NUMVC /SYSTRN/ 1*2 TROCOMINC

Number of voice channels in analog troposcatter
svstem. Default is 72.
-- Not used -

NV /NUMFAR/ 1*2 NUNPAR.INC
Normalization Parameter for calculation of AN/TRC-170
signal gain. Set to 18.
- Used but not changed in the following subprograms,$

TRC
PAVG(20,20) /ANSWER/ R*4 ANSWER-INC

Short-term average bit error rate for each sampling
time and short-term average SNR.
- Possiblu given a new value in the following subprograms:

TRC
PCON /RZ/ R*8 RZ.INC

Normalization factor for probabilitv integral.
- Possiblu given a new value in the following subprograms:

MDTS
- Used but not changed in the followins subprograms:

CAC
PDUR /SYSPAR/ R*4 SYSPAR.INC

..- . . .. . . .. -.. . -. ...- .
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Symbol Pulse duration.
- Possibly given a new value in the following subprograms:

TRC
- Used but not changed in the following subprograms:

P2INT TXPULS
PEAKAV /RZ4/ R*4 RZ4,IMC 0

Peak-to-average loss due to RF filtering in dB.
- Possibly given a new value in the following subprograms:

BUTFIL MDTS TRCIN
- Used but not changed in the following subprograms'

TRC
PENER6 /BUTPAR/ R*4 BUTPAR.INC 0

Normalized energy of filter.
- Used but not changed in the following subprograms:

A50FCC BUTFIL BWJAH FUNBW
PFACT(3) /ERAD/ R*4 ERAD,INC

Cumulative Probability distribution for effective
earth radius factor.

For NRAD = 1 PFACT = 0.89

= 2 = 0.1
= 3 = 0.01

- Used but not changed in the following subprosrams:
PROUT

PHDIV /MCOH4/ R$4 MCOH.INC S
Souint angle between upper and lower receiver beams in
radians, Default is beamwidth.
- Possibly given a new value in the following subprograms*#

ANTGEO INDATA UNITCV
- Used but not changed in the following subprograms:

DIFSNR LTCORR OUTDAT
PHI /PATHGE/ R$4 TROCDMINC

Diffraction angle in radians,
- Possibly given a new value in the following subprograms:

INTLIM TRANSF UNITCV
PHiR /PATHGE/ R*4 TROCOM.INC

Receive angular distance to minimum scattering Point 0
in radians.
- Possibly given a new value in the following subprograms:

TRANSF UNITCV
PHIT /PATHGE/ R*4 TROCOM.INC

Transmit angular distance to minimum scattering Point
ir, radians.
- Possibly given a new value in the following subprograms:

TRANSF UNITCV
PI /CONSTA/ R*4 CONSTANTS.INC

Constant Pi = 3.141592654.
- Used but not changed in the following subprograms:
ANTGEO BUTFIL DIFI FFT GPATT JAMCOh ND1F PSPEC 6

PSPJ SEARCH SYNC SPEC TPSPEC TPSPJ VARPOL
PJ /JAMPAR/ R*4 JANPAR.INC

......... ,............ . . . . . . . . . .
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Normalization constant for interference calculations.,
- Possiblu given a new value in the following subprograms:

BWJA.
- Used but not changed in the following subprograms'.

BUTFIL FUNJAM
PLOSSI /ERAD/ R*4 ERAD.INC 0

Reference troPoscatter Path loss in d9 on lower beam
for NRAD eouals 1.
- Possibly given a new value in the following subprograms:
POWER

PLOSSN /PDATA/ R*4 PDATAINC
TroPoscatter path loss from approximate analwtic 0
expression.
- Possiblu given a new value in the following subprograms:

LOOPS
- Used but not changed in the following subprograms:
SUMPAG

POUT(20,20,3) /ANSWER/ R*4 ANSWER.INC
AN/TRC-170 outage Probabilitv and average bit error
rate as a function of sampling time, short-term
average SNR and error rate threshold.
- Possibly given a new value in the following subprograms'

TRC
PRAD(3) /ERAD/ R*4 ERADINC S

Fraction of time effective earth radius factor is
greater than ERFAC; Probabilitw that effective earth
radius factor is not exceeded.

For NRAD = 1 PRAD = 0.5
= 2 = 0.1
= 3 = 0.01

- Used but not chanted in the followinq subprograms-.
POWER

PSIRAO(NRMX) /ANTENN/ R*4 TROCOMINC
Array of receiver beam azimuths in radians.
- Possiblu given a new value in the following subprograms?

ANTGEO INDATA UNITCV
- Used but not changed in the following subprograms:

CHKDAT INTLIM LOOPS OUTOAT SUMPAG TRLOSS
PSIREO(NRMX) /ANTENN/ R*4 TROCOM.INC

Arraw of receiver beam boresight elevations above
radio horizon in radians, ie, angle at which each
antenna is aimed relative to the horizon. PSIREO(1) 
is the main receive antenna.'
- Possiblw given a new value in the following subprograms;

ANTGED INDATA TRANSF UNITC. '
- Used but not changed in the following subprograms:

CHKDAT DIFSHR INTLIN JAMCON LOOPS OIJTOAT POWER SUJPAG
TROSS

PSITAO(NTMX) /ANTENN/ R*4 TROCON.INC
Arraw of transmitter beam azimuths in radians.

7.e 7 ' .
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- Possibly given a new value in the following suhpro4rams:
ANTPEO INDATA UNITCV

- Used but not changed in the following suberograms:
CHKDAT INTLIN LOOPS OUTDAT SUMPAG

PSITEO(NTMX) /ANTENN/ R*4 TROCOMINC
Arra4 of transmitter beam boresilht elevations above 0
radio horizon in radians, me, angle at which each
antenna is aimed relative to the horizon. PSITEO(1)
is the main transmit antenna.
- Possibly given a new value in the following subprograms:
ANTGEO INDATA TRANSF UHITCV

- Used but not chanted in the following subprograms: •
CHKDAT DIFSNR INTLIM LOOPS OUTDAT POWER SUMPAG TRLOSS

PULSE /RZ/ 1*2 RZ.INC
Switch controlling MD-918 Pulse shape after
transmitter-receiver filtering.

PULSE = 0 Triangle .....
= 1 OQPSK matched filter 0
= 2 Sinc Pulse, bandwidth eoual to 1
= 5 RF filtering included

Set to 0 if IBW = 0 or KGAIN > 1.
Set to 5 if IW > 0 and K(OA(N = 1.
- Possibly given a new value in the following subprograms:

INDA'A SIGIN
- Used but not changed in the following subprograms:

CAC CAJI DINT SINT
PXMIT /MCOM4/ R*4 MCOM.INC

Rated transmission Power in d8m. Default is 70dBm.
- Possibly given a new value in the following subprograms: .....

INDATA
- Used but not changed in the following subprograms:

DIFSNR OUTDAT POWER
O(NDELMX,NCORMX) /PDATA/ R*4 PDATA,INC

Matrix of troPoscatter signal Power and correlation
Per unit delaw Profiles.
For PIVTYP = 0:

0(.,I) Power on lower beam vs. delay.
0(.,2) Correlation between lower and

upper beam vs. delay.
0(.,3) Correlation between lower beams

in antennas 1 1 2 vs. delay.
O(.,4) Power on upper beam vs. delay.
0(.,7) Power on diffraction Path vs. delay

For DIVTYP = 1:
0(.,I) Power on lower beam vs. delay,
0(.92) Correlation between lower and

upper beam vs. delay.
0(.,3) Power on upper beam vs. delay
Q(.,7) Power on diffraction Path vs* delay.

For DIVTYP = 2:

..... .... .. .................................. ... .. . .................... .................... - - -.- - .- ,..-
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0(.,t) Power on Path 1 (lower beam) vs. delaw.
0(.,2) Correlation between convergent Paths

(lower beam) vs. delaw.
Q(,,3) Correlation between divergent Paths

(lower beam) vs. delav.
Q(,94) Correlation between Parallel Paths

(lower beam) vs. delay.
0(.,5) Correlation between crossing Paths

(lower beam) vs. delay,
0(.,6) Power on Path of upper beam vs. delav.
O(.,7) Power on diffraction Path vs. delay.

- Possiblv given a new value in the following subprograms:
LOOPS MDIF POWER

- Used but not changed in the following subprograms:
MAIN SIm SUMPAG

OCORR(NCORMX) /PDATA/ R*4 PDATA.INC
Contains elements of covariance matrix, ie, Powers and
correlations.
For DIVTYP = 0:

OCORR(1) Power on lower beam
QCORR(2) Correlation coefficient between lower

and upper beam.
OCORR(3) Correlation coefficient between lower

beams of antennas 1 and 2 S
GCORR(4) Power on upper beam.

For DIVTYP = 1:
QCORR(1) Power on lower beam
GCORR(2) Correlation coefficient between lower

and upper beam.
GCORR(3) Power on upper beam.

For DIVTYP =2:
GCORR(1) Power on Path 1 (lower beam)
OCORR(2) Correlation coefficient between convergent

Paths.
OCORR(3) Correlation coefficient between divergent

Paths,
OCORR(4) Correlation coefficient between Parallel

Paths,
OCORR(5) Correlation coefficient between crossing

Paths.
OCORR(6) Power on upper beam.

- Possiblv given a new value in the following sjbprograms -

LOOPS
Used but not changed in the following subprograms:
POWER SUMPAG

RCOR(32) /RZ4/ R*4 RZ4.INC
Correlation function of the receive filter in steps
enual to the taPwidth (TAPU) for MD-918 modems or
eoual to I/RATE for AN/TRC-170 or DAR modem.
- Used but not changed in the following subprograms:

.... . .•...

. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .
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BUTFIL CAJI
RJCOR(129) /RZ4/ R*4 R.4.-NC

Correlation function of interferer-receiver filters at
RATE Points Per svmbol interval#
- Possiblv given a new value in the following subprograms:

BUTFIL 0
RJCORD(129) /RZ4/ R*4 RZ4.INC

Not used anymore but retained to align commons.
-- Not used --

RLL /SYSTRN/ R*4 TROCOMINC
Receiver line losses in dB. Default is 0 dR.
- Possiblv given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

DIFSNR OUTOAT POWER SUMPAG
RSDB /BUTPAR/ R*4 BUTPAR.INC

10 times the base 10 logarithm of the symbol rate
minus 60. 5
- Possiblu given a new value in the following subprograms:

BUTFIL
- Used but not changed in the following subprograms:

A5OFCC FCCMSK
RSEP(3) /IODATA/ R*4 IODA"AIMC

Separation between receive antennas.
- Possiblv given a new value in the following subprograms:

ANTGEO INPATA
RSNMIN(3) /NUHPAR/ R*4 NUMPAR.INC

SHR threshold corresponding to each bit error rate
threshold for AN/TRC-170,
- Used but not changed in the following subprograms:

POUTAG
RSNRSN(30) /NUMPAR/ R*4 NUMPARINC

Set of SNR values for which solution of transcendental
function (UPISIM) is tabulated.
- Used but not changed in the following subprograms:

POUTAG
S /PATHGE/ R*4 TROCOM.INC

Troposcatter Path asvmmetrw Parameter.
- Possiblv given a new value in the following subprograms:

TRANSF
- Used but not changed in the following subprograms!
SUMPAG

S1 /PATHGE/ R*4 TROCOM.INC
TroPoscatter Path as~mmetrw Parameter.
- Possiblv given a new value in the following subprograms:

TRANSF
SCPARM /PROPAR/ R*4 TROCOMINfC

Wavenumber spectrum slope Parameter M. Default is
3,66.'
- Possiblw given a new value in the followino subprogramss

S .:-:

.. .. .
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INDATA
-Used but not changed in the following subprograms'
INTLIM LOOPS OUTDAT STPPAR SUMPAG TRLOSS

SEAN /PROPAR/ R*4 TROCOM.INC
Minimum sonthlu median of refractivitu at sea level.
Used to calculate ERFAC if non-zero.
- Possiblv liven a new value in the following subprograms;

INPlATA MAIN
- Used but not changed in the following subprograms:

AVAIL OUTUAT
SIGMA /SYSPAR/ R*4 SYSPAR.INC

Half the RMS lower ben* delaw spread normalized
relative to the svabol duration*
- Possibli given a ijew value in the following subprograms!

TRCIN
- Used but not changed in the following subprograms:

EII3V TIMPAR TRC VARW
SMI /UNIT/ R*4 IODATA.INC

String 'smi ' for units output.
- Used but not changed in the following subprograms:*

OUTDAT UNITS
SNDB(2) /IOUT/ R*4 IOUT.INC

Signal to noise ratio in dB.
- Possiblyj given a new value in the following subprograms:

TRC IN
- Used but not changed in the following subprograms:.

TRC
SNR /SYSPAR/ R*4 SYSPAR.INC

Signal to noise ratio.
- Possiblv given a new value in the following subprograms:

TRC TRHIN
- Used but not changed in the following subprograms:

PAVERO POIJTAG
SNRBW /RZ4/ R*4 RZ4,INC

Signal to noise ratio adjustment for AN/TRC-IYO due to
limited receive filter bandwidth.
- Possiblv given a new value in the following subhprograms'

BUTFIL
- Used but not changed in the following subprograms:#

TRC
SNRF2 /RZ4/ R*4 RZ4,INC

Parameter to adjust the signal to noise ratio for
degradation due to interference from another
freouencv. Onlv for 2-f reauencv AN/TRC-170 modem.
- Possiblv given a new value in the following subprograms:

BUTFIL
- Used but not changed in the following subprogrpms:

TRC
SNRJAM IRZ4/ R*4 RZ4.INC

Parameter to adJust the signal to noise ratio of
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AN/TRC-170 for degradation due to colocated/adiacent
channel interference.
- Possiblu given a new value in the following subprograms:

BUTFIL
- Used but not changed in the following subproirams:

TRC
SP /MCOM4/ R*4 MCOM.INC

Service probability. Default is .95.
- Possibly given a new value in the following subprograms:

INIIATA
- Used but not changed in the following subprograms:

DIFSNR OUTDAT POWER
SPE /PDATA/ R*4 PDATA*INL

Tap spacing in nanoseconds, Default is 67 nsec.
- Possibly given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

SIM S
SPREAD(NCORMX) /PDATA/ R*4 PDATA.INC

Array of delay spreads (2-sigma) for each beam in
seconds.
- Used but not changed in the following subprograms:
POWER SUMFPAG

STSNR /SUMF/ R*4 SUMP IINC'
Standard deviation of troposcatter signal long-term
SNR distribution in dB.
- Possiblv given a new value in the following subprograms:

POWER
- Used but not changed in the following subprograms:

MAIN MDTS SUMPAG
STSNRI /SYSPAR/ R*4 SYSPAR.INC

Standard deviation of troposcatter signal long-term
SNR distribution in dB. Same as STSNR in /SUMP/.
- Possibly given a new value in the following subprograms:

TRCIN
- Used but not changed in the following subprograms: •

TRC
SUPRES /IODATA/ L*4 IODATA.INC

Supress long output in SUMPAG if true.
Set to TRUE if PTYPE > 9.
- Possibly given a new value in the following subprograms,

IN[IATA 0
- Used but not changed in the following subprograms:

SUMPAG
TO /SYSPAR/ R*4 SYSPAR.JNC

Normalized sampling time for lower beam.
- Possibly given a new value in the following subprograms:

TIMEOL TRC
- Used but not changed in the following subprograms:

EIGV TIMPAR VARW

*
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SASEQ (Subroutine) outputs to FOROO2,DAT the following variables'#
IASEO 1*2 LOC PN chip seeuence.

SIN (Subroutine) outputs to FOROO2.DAT the following variables:
1 1*2 LOC Beam number. 0
ICI 1*2 LOC Beam Pointer of tap correlation calculation.
IC2 1*2 LOC Beam Pointer of tap correlation calculation.
101 1*2 LOC Beam Pointer of tap gain calculation.
102 1*2 LOC Beam Pointer of tap gain calculation.
ISPE 1*2 LOC Tap spacing in nanoseconds.
IICORR 1*2 GLO Array of receiving beams involved in the S

correlation calculations.
12CORR 1*2 LO Arrag of receiving beams involved in the

correlation calc|lations.
PCF R*4 LOC Puwer correction factor in dB.
SNEG R*4 LOC Attenuation in dB.
TEMPI R*4 LOC Correlation coefficient. 5

SINT (Subroutine) outputs to FOROO2.DAT the following variables:
DU R*8 6LO Signal response after PN seouence correlation.

SUBI) (Subroutine) outputs to FOROO2.DAT the following variables'
SNAME R*8 ARG Name of the subprogram that called SUBIDo

SUMPAG (Subroutine) outputs to SUJMPAG.OUT the following variables:
AA R*4 GLO Atmospheric absorption loss in d.
ALFAO R*4 GLO Minimum elevation angle measured from

transmitter-to-receiver line to transmit
horizon line in radians. S

AR R*4 G1O Arrav of receiver antenna diameters in meters.
AR(1)is eeJivalent to RDIAM in the input file.

AT R*4 GLO Array of transmit antenna diameters in meters.
AT(1)is Peuivalent to TDIAM in the input file.

BER R*4 6LO Bit error rate thresholds of interest. Set
to IE-3, IE-4 and IE-5 in data statement. 5

BETAO R*4 GLD Minimum elevation angle measured from
receiver-to-transmitter line to receiver
horizon line in radians.

BOUT R*4 ARG Yearly average fade outage Probabilitv for each
bit error rate threshold specified and 2S/2F
and 2S diversitv configurations. 5

CLIMAT R*4 ARG Climate zone indicator.
D R*4 GLO Great circle distance between transmitter

and receiver measured at sea level in meters.
BE R*4 6LO Effective distance for troPoscatter Path in

kilometers.
DIFLOS R*4 LO Median diffraction Path loss in dB for each

value in ERFAC distribution,
DIFRSL R*4 GLO Median diffraction signal RSL in dBm for each

value in ERFAC distribution,
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upper beam.
RSL R*4 LOC Received signal level distribution of scatter

component.
SNR R*4 LOC SNR Per bit distribution of scatter component

in dB,
SP R*4 GLO Service Probability. Default is .95. S
STSNR R*4 GLO Standard deviation of troposcatter signal

long-term SNR distribution ir dB.
TAU22 R*8 ARO Lelav spread on lower beam in nsec.
TAU23 R*8 ARS Delay spread on upper beam in nsec.
TEMPI R*4 LOC Reference Pathloss of scatter component on

lower beam. S
TEMP2 R*4 LOC Reference eathloss of scatter component on

upper beam.
THER R*4 GLO Radio horizon elevation angle at receive

site in radians,
THET R*4 GLO Radio horizon elevation angle at transmit

site in radians. S
TLOSS R*4 LOC Pathloss distribution of scatter component

in dB.
VDE R*4 ARG Time variability of basic transmission loss

in dB.
YO R*4 LOC Variabilitt in the RSL and the Path loss

about the median.

PROUT (Subroutine) outputs to FOR002.DAT the following variables:
ABE R*4 ARG Average 1000-bit block error probability for

each configuration,
ABEL R*4 GLO Cumulative block error probability for

each diversity configuration as specified 6
bv DIUTYP (averaged over muitipath
distribution, if any).

BER R*4 GLO Bit error rate thresholds of interest. Set
to I'-3, IE-4 and IE-5 in data statement.

BOUr R*4 ARG Outage Probability for each BER threshold and
diversity configuration. S

BOUTL R*4 GLO Cumulative outage Probability for each
diversity configuration and error rate
threshold (averaged over multipath
distribution, if any).

Four R*4 ARG Fade outage Per call minute for each BER
threshold and diversity configuration:

FOUTI. R*4 GLO Cumulative fade outade Per call minute for
each diversitv configuration and error rate
threshold (averaged over multipath . -

distribution, if any),
NOUT 1*2 ARO Total number of short term calculations

Performed. 5
P R*4 LOC Same as DER above.

,7. .
.
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OUTDAT (Subroutine) outputs to FOROO2.DAT the following variables:
(This output is merelv a summary of the input variables which are fully
described in section 3.2 of the User's Manual.)

POWER (Subroutine) outputs to FOROO2,DAT the following variables: S

AA R*4 6LO Atmospheric absorption loss in dB.
ASNR R*4 ARG Median and/or yearly average value of

troposcatter signal SNR in dB.
AVERX R*4 OLO Average terrain elevation above sea level

between receive site and radio horizon, in
meters. •

AVETX R*4 6LO Average terrain elevation above sea level
between transmit site and radio horizon, in
meters.

BUR R*4 ARG Transmit antenna beamwidth in degrees.
BWT R*4 AR6 Receive antenna beamwidth in degrees.
CORRIT R*4 GLO Correlation coefficient for lons term

variability of lower and upper beams.
CPL R*4 (LO Correlation coefficient for lone term

variability of lower and upper beams.
DE R*4 GLO Effective distance for troPoscattpr Path in

kilometers.
DELl R*4 LOC Relative average delay of lower beam in

nanoseconds.
DEL2 R*4 LOC Relative average delay of upper beam in

nanoser'onds*
DSPI R*4 GLO Lower beam troposcatter signal RMS delay

spread in nanoseconds for Percentiles 50, 90
and 99.

DSP2 R*4 GLO Upper beam troposcatter signal RMS delay
spread in nanoseconds for Percentiles 50, 90
and 99.

ERFAC R*4 GLO Yearly median value of effective earth radius
factor k in kilometers. Default is 1.33.

HRE R*4 6LO Effective receiver antenna height above
average terrain elevation in meters.

HTE R*4 GLO Effective transmitter antenna height above
average terrain elevation in meters.

IBLOSS 1*2 6LO Beam number corresponding to CPL(I).
ITER 1*2 LO Number of integration cells in the common

volume integration.
PMED R*4 LOC Short term median Pathloss.
PRAD R*4 GLO Fraction of time effective earth radius

factor is Ireater than ERFAC; Probability
that effective earth radius factor is not
exceeded.
For NRAD = I PRAD = 0.5

= 2 = 0.1
= 3 = 0001

RHI R*8 AR6 Correlation coeffiecient between lower and

... : ..... ,.........-.-.................... ,.. ,.. -........ ,..... . . . . .. ,. , .,- .. , . ...-
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HATCO (Subroutine) outputs to FOROO2.DAT the following variables:
A R*4 ARG Noise matrix for AFE taps.
C R*4 AR6 Covariance matrix for AFE taps.
CSUM R*4 ARG ISI matrix for AFE taps.

MDIF (Subroutine) outputs to FOROO2.DAT the following variables:

AVI R*4 LOC Diffraction loss in dB.
AV2 R*4 LOC Diffraction loss in dB.
DELE9 R*4 I.OC Diffraction Path relative delav in nsec•

DIE3 R*4 LOC Reference delav in msec.
K 152 LOC Edle number.
LB R*4 ARG Long term reference basic Path loss in dB.
LDIF R*4 I.OC Diffraction loss in dB.
LF R*4 LOC Free-space loss in dB.
PHI R*4 LOC Diffraction angle.
RC R*4 LOC Radius of curvature in meters.

MDTS (Subroutine) outputs to FOROO2.DAT the following variables:
ASEP R*4 AR6 Receiver antenna separation in meters.
ASEQ 2 LOC PH chip seauence.
CGAIN R*4 LOC Coding gain at specified error rate threshold.

CRATE R*4 LOC Code rate.
DBLOSS R*8 LOC Attenuation of interference due to sidelobes of

receiving antenna.
DEL R*4 6LO Diffraction Path delaw relative to a straight

line Path in seconds.
DEX R*8 LOC Determinant of SNR matrix.
DGRMOD R*4 LOC Modem degradation in dB.
DSNR R*4 LOC Diffraction component SNR in dB.
FSIG R*4 LOC Mean tap amplitudes.
JANG R*8 LOC Interference angle of incidence.
JBWX R*8 LOC Interfering signal bandwidth.
K6AIN 1*2 GLO Integer ratio of bandwidth to data rate.
PEAKAV R*4 GLO Peak-to-average loss due to RF filtering in dB.
SNR R*4 LOC Scatter component SHR in dB.
TDIFF R*4 GLO Normalized relative delay between lower and

upper beam.
TEMPA R*4 ARG Average relative delaw of scatter component. .

TSCAT R*4 LOC Normalized relative delaw of scatter component.
TZ R*4 LOC Interferer normalized delaw difference on two

antennas.
TO R*4 LOC Normalized sampling time for AFE center tap.
U R*8 LOC Implicit diversitq eigenvalues.
XDIFR R*4 LOC Fraction of received Power due to diffraction

component.
XSCAT R*4 LOC Fraction of received Power due to scatter

component.
Z R*4 LOC Transformed mean tap values.

*. •- .. ....... •,•... .............. ..
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0

I (not allowed)
2 = AN/TRC-170 receiver filter. Also means
filter is a Butterworth.

IFILTX 1*2 6L0 Transmitter filter indicator.
0 = MD-918 transmitter filter, Also means

filter is a Butterworth cascaded with a
rectangular impulse response filter of
duration eeual to svmbol duration.

I = AN/TRC-170 transmitter filter. Also means
filter is a cascade of Butterworth filter
with rectangular impulse response filter 0
of duration eaual to half svmbol duration.

2 = (not allowed)
NPOLRX 1*2 OLD Number of Poles in the receive Butterworth

filter.
NPOL.TX 1*2 6L Number of Poles in the transmit Butterworth

filter.
PEAKAV R*4 6LD Peak-to-average loss due to RF filtering in dB.
TEMPI R*4 LOC 99% bandwidth in MHz.

CLIFIT (Subroutine) outputs to FOROO2.DAT the following variables:-
ALFA R*4 LOC Constant in user defined 90% variabilitu curve.
BETA R*4 LOC Constant in user defined 90% variabilitv curve.
CF R$4 LOC Constant in user definr' 90Z variabilitv curve.
Co R*4 LOC Constant in user defined 90% variabilitw curve. - "-
C1 R*4 LOC Constant in user defined 90Z variabilitv curve.
C2 R*4 LOC Constant in user defined 902 variabilitq curve.

DIFSHR (Subroutine) outputs to FOROO2.DAT the following variables: 6
ASNR R*4 AR6 Median and/or vearlv average value of

diffraction Path SNR in dB.
DLOSS R*4 LOC Diffraction eathloss distribution.
DSTSNR R*4 6L0 Standard deviation of diffracted signal

long-term SNR distribution in dii,
DIJPOWL R*4 1.OC Ratio of diffraction signal on upper beam

to that on lower beam in dB.
OT R*4 I.OC Percentile not exceeded.
RSL R*4 LOC Received signal level distribution of

diffraction component in dfm.
SNR R*4 LOC SNR Per bit distribution of diffraction

component in dB.
SP R*4 6L0 Service Probabilitv. Default is .95.

ERRID (Subroutine) outputs to FOROO2.DAT the following variables:
1 1*2 ARC Error number. This is followed bv the

corresponding error message,

ERROR (Subroutine) outputs to FOROO2.DAT the following variables:
I 1*2 ARC Error number. This is followed bw the

corresponding error message.

-0 ...• :
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0
D.1 Output Variable Definitions

AVAIL (Subroutine) outputs to FOROO2,DAT the following variablest
1 [*2 LOC Section of diffraction Path with Fresnel

zone blockage,
PLOSS R*4 LOC Pathloss distribution of diffraction component. •
OT R*4 ARG Arrav containing Percent of time Pathloss is

not exceeded, i.e. time availabilitv,
SIG R*4 LOC Standard deviation of Predicted pathloss.
V1 R*4 LOC Variabilitv distribution about reference

Pathloss for diffraction component.
Y R*4 ARO Arrav containing Pathloss variabilitu 0

distribution about the median in dB.

DERCAL (Subroutine) outputs to FDROO2.DAT the following variables:
BERAV R*4 LOC Short term average bit error rate.
DSNR R*4 ARG Specular component SNR in dB.
FCHIN R*4 LOC Fade outage Per call minute. 0
ID 1*2 tOC Explicit diversities on the main beam.
ITOT 1*2 LOC Total number of explicitv diversities.
JPOW R*8 AR6 Interferer Power densitv in dfm/Hz.
JSR R*8 ARA Interferer to signal Power ratio in d0.
P R*8 LOC Error rate outage threshold* -"

PFO R*8 LOC Probsbility that bit error rate exceeds
threshold; short term outage Probability,

SNR R*4 ARG Mean hourlu SNR in dN at which outage
Probabilitg is to be calculated,

SUM2 R*4 LOC 2 times average bit error Probabilitq if onl-
one independent diversity, Otherwise
1000-bit block error Probability. S

XTYPE R*8 LOC Outputs the string identifwing the diversity
tvpe.

BOTAC (Subroutine) outputs to FOROO2.DAT the following variables:
KI 1*2 ARA Number of taps in forward eaualizer.
TAC R$4 ARO Interferer covariance matrix calculated 0

according to RF filtering specified through
IBW and JFILT Parameters.

TAPW R*4 6LO Normalized tapwidth for MD-918.
Default is .5, Range is 0.25 through 1.0

BUTFIL (Subroutine) outputs to FOROO2,DAT the following variables: 
FCUT R$4 LOC Transmission bandwidth in MHz.
FCUTI R*4 LOC Cut-off freauencw for the transmitter.
FCUT2 R*4 LOC Cut-off freeiencw for the receiver*
IFILRX 1*2 6LO Receiver filter indicator,

0 = MD-918 receiver filter, Also means
filter is a Butterworth cascaded with a -

rectangular impulse response filter of
duration eaual to svmbol duration#



APPENDIX D

OUTPUT VARIABLES

This appendix describes all variables writ-ten to the output filest
FOROO2.DAT and SIJHPAI3.DUT. In the following descriptions each variable is
identified by type and where it come fromt iet LOC for localg 61-0 for 9lobal,
ARG for arluments.

The twpev for variables is given as three characters:

L*l 1 byte L-0131CAL (BYTE in the Pt'P version)
L*4 4 byte LOGICAL
1*2 2 byte INTEGER
1*4 4 byte INTEGER
R*4 4 byte REAL
R*8 8 byte REAL
C*8 8 by~te COMIPLEX
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CAC TXPIJLS
Y1 /PATHGE/ R$4 TROCOM.INC

Maximus estimated integration length in Y-direction,
- Possiblv given a new value in the following sujbprograms:

INT1111 UNITCV
- Used but not changled in the following subproglrams:

LOOPS
Y900 /CURVE/ R*4 CURVE.INC

User supplied value for 90th Percentile variabilitw
curve YO(90) for DE greater than or eoual 900 km.
Used onl'v when ICLIIIE is 2, Used to compute the
eauation for the YO(90) curve fit.
- Possibly given a new value in the following subprograms:.
CLIMIL INDATA

- Used but not changled in the following subprograms.
CLIFIT OUTDAT

YMIN /CURVE/ R*4 CURVE.INC
User supplied value for 90th Percentile variability
curve YO(90) for DE eaual to DEMIN. Used only when
ICLIME is 2. Used to compute the eetiation for the
YO(90) curve fit.
- Possibly given a new value in the following subprograms:

CLIMII IHOATA
- Used but not changed in the following suibprograms:

CLIFIT OUTBAT
YZERO /CURVE/ R*4 CURVE.INC

User supplied valuie for 90th Percentile variabilitv
curve YO(90) for DE eaual to 0# Used only when ICLlIE
is 2.
- Possibly given a new value in the following subproorams:

CLItIIL INDATA
- Used but not changed in the following subprograms:

CLIFIT OUTDAT
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PSPJ TPSPJ
WLT /SYSTRN/ R*4 TROCOM.INC

Rated transmission Power in Watts. Default is 1000 U.
- Possiblv given a new value in the following sujbprograms:

INDATA 0
- Used but not changed in the following subprograms:

OUTDAT SUMPAG
X21NCR /NUMPAR/ R*4 NUHPAR.]NC

Step increment for numerical integration,
- Possiblv given a new value in the following subprograms:

TRC 0
X31NCR /NUMPAR/ R*4 NUMPAR.INC

Step increment for numerical integration,
- Used but not changed in the following subprograms:

AVG
XANG(10) /MCOM4/ R*4 HCOM.INC

Interferer azimuth angles in degrees. Default is 0.- -
- Possibly given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

MDTS OUTDAT
XAVAR /ANSWER/ R*4 ANSWER.INC

Standard deviation of Past ISI for AN/TRC-170.
- Possiblv given a new value in the following subprograms:

TRC
- Used but not changed in the following subprograms:
POUTAG

XBVAR /ANSWER/ R*4 ANSWERINC
Standard deviation of future ISI for AN/TRC-170.
- Possiblv given a new value in the following subprograms:

TRC
- Used but not changed in the following subprograms:
POUTAG

XINCR /NUMPAR/ R*4 NUNPAR.INC
Step increment for numerical integration.
- Possiblv given a new value in the following subprograms:

TRC
XTRO /RZ4/ R*4 RZ4.INC

rime origin for transmit-receive filter impulse
response (TRFILT)p ie, X is TRFILT(X+XTRO),
- Possibly liven a new value in the following subprograms:

BUTFIL
- Used but not changed in the following subprograms:

CAC TXPULS
XTRINC /RZ4/ R*4 RZ4.INC:

Sample interval for calculation of transmit-receive
filter impulse response (TRFILT),
- Possiblu given a new value in the following subprograms:

BUTFIL
- Used but not changed in the following subprograms.
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0
Array of transmit antennas horizontal offsets in
meters,
- Possibly given a new value in the following subprograms:
ANTGEO INDATA UNITCV

- Used but not changed in the following subprograms:
CHKOAT LOOPS OUTDAT STPPAR SUMPAG -

UTL(NT) /PATHGE/ R*4 TROCOM.INC
Array of transmit antennas longitudinal offsets in
meters.
- Possibly given a new value in the following subprograms:
ANTGEO INDATA UNITCV

- Used but not changed in the following subprograms:
CHKDAT LOOPS OUTDAT SUMPAG

UTV(NT) /PATHGE/ R$4 TROCOM.INC
Array of transmit antennas vertical offsets in meters.
- Possibly given a new value in the following subprograms:

ANTGEO INDATA UNITCV
- Used but not changed in the following subprograms'

CHKDAT LOOPS OUTOAT SUNPAG
VARAIS /ANSWER/ R*4 ANSWERINC

Past ISI variance for AN/TRC-170.
- Possibly given a new value in the following subprograms:

TRC
VARBIS /ANSWER/ R*4 ANSWERINC 0

Future ISI variance for AN/TRC-170,
- Possibly given a new value in the following subprograms:

TRC
VARISI /ANSWER/ R$4 ANSWER.INC

Total ISI variance for AN/TRC-170,
- Possibly given a new value in the following subprograms:

TRC
- Used but not changed in the following subprograms:

PAVERG
VEIGV(20) /ANSWER/ R*8 ANSWERINC

Implicit diversity eigenvalues for AN/TRC-170,
- Possibly given a new value in the following subprograms: 0

EIOV TRC
- Used but not changed in the following subprograms:

AVG
WAVLEN /SYSTRN/ R*4 TROCOM.INC

Wavelength in meters.
- Possibly given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:
ANTPAR LOOPS RGAIN STPPAR TGAIN

UFN /JAMPAR/ R*4 JAMPARINC
Normalization constant for FDB/FM interference.
- Possibly given a new value in the following subprograms: - -

BWJA. -
- Used but not changed in the following subprograms:

.9
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Units of angle (deg, arad).
- Possibly given a new value in the following subprograms: -"

UNITS
- Used but not changed in the following subprograms:

ANTGEO OUTDAT SUMPAG
UDIST /UNIT/ R*4 IODATAINC 0.

Units of distance (smi, nei, ki).
- Possibly given a new value in the following subprograms!

UNITS
- Used but not changed in the following subprograms:

INOATA OUTDAT SUMPAG
UFREO /UNIT/ R*4 IODATAJNC •

Units of freouencu (GHz, MHz).
- Possibly given a new value in the following subprograms?

UNITS
- Used but not changed in the following subprograms'

ANTGEO INDATA OIJTOA" SUPAG
UHITE /UNIT/ R$4 IODATAINC S

Units of height and diameter (ft, m),
- Possibly given a new value in the following subprograms:

UNITS
- Used but not changed in the following subprograms:

ANTGEO OUTDAT SUMPAG
SUFISIM(30,3) /NUMPAR/ R*4 NUMPAR.INC .

Solution of transcendental eouation for each value of
RSNRSN and bit error rate threshold of interest in
AN/TRC-170 outage Probability calculation.
- Used but not changed in the following subprograms:

POUTAG
- URH(NR) /PATHGE/ R*4 TROCOM,INC

Arra of receive antennas horizontal offsets from
great circle Plane in meters,
- Possibly given a new value in the following subprograms:
ANTGEO INPATA UNITCV

- Used but not changed in the following subprograms?
CHKDAT LOOPS OUTDAT STPPAR SUNPAG

URL(NR) /PATHGE/ R*4 TROCOH,INC
Arra of receive antennas longitudinal offsets in
meters.
- Possibly given a new value in the following subprograms:

ANTGEO INDATA UNITCV
- Used but not changed in the following subprograms: .0

CHKDAT LOOPS OUrDAT SUMPAG
URV(NR) /PATHGE/ R*4 TROCOM.INC

Arra of receive antennas vertical offsets in meters.
- Possibly given a new value in the following subprograms:

ANTGEO INDATA UNITCV
- Used but not changed in the following subprograms:

CHKOAT LOOPS OUTDAT SUMPAG
UTH(NT) /PATHGE/ R*4 TROCONINC

. .. .. ..- .
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INTLIM LOOPS LTCORR SIIPAG
THETRF /PATHOE/ R*4 TROCOMINC

Transmit reference horizon elevation in radians.
- Possiblu given a new value in the following subprograms: -

TRANSF
TLL /SYSTRN/ R*4 TROCOM.INC

Transmitter line losses in dB. Default is 0 dD.

- Possiblu given a new value in the following subprograms:
INDATA

- Used but not changed in the following subprograms:
DIFSNR OUTDAT POWER SUMPAG

TODAY(9) /TSTAMP/ L1* IODATA.INC
Arrav used in POP-il version to hold date as
characters,
- Used but not changed in the following subprograms:

MAIN OUTDAT SUhPAG
TPAR(20) /ANSWER/ R*4 ANSWER.INC

Timing parameter for AN/TRC-170. Calculated when

JOTIME is 0.
- Possible given a new value in the following subprograms:

TRC
TRFILT(128) /RZ4/ R*4 RZ4,INC

Transmit-receive filter impulse response,
- Possiblu given a new value in the following subprograms:

BUTFIL
- Used but not changed in the following subprograms:

CAC TXPULS
TROLOS(3) /SUMP/ R*4 CURVE.INC

Median troposcatter Path loss in dB for each value in
ERFAC distribution.
- Possiblv given a new value in the following subprograms:*

POWER
- Used but not changed in the following subprograms:.
SUMPAG

TRORSL(3) /SUMP/ R*4 CURVEINC
Median troposcatter RSL in dBm for each value in ERFAC
distribution.
- Possiblv given a new value in the following subprograms,

POWER
- Used but not changed in the following subprograms:

SUMPAG -.
TSEP(3) /IODATA/ R*4 IODATA.INC

Separation between transmit antennas in meters,
- Possiblv given a new value in the following subprograms:

ANTOEO INDATA
TWOPI /CONSTA/ R*4 CONSTANTS.INC

2 X Pi = 6.283185307.
- Used but not changed in the following subprograes:

LOOPS RJCFCN STPPAR
UANGLE /UNIT/ R*4 IODAIAoINC

. . .- . .- . . . .. .. . .. ., .
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STEPB -A"
TFAKY1 /STPCOM/ R$4 STPCOH.INC

Constant for common volume intetra,.c-.
- Possibly given a new value in the following subprograms'*

STPPAR
- Used but not changed in the following subprograms'$

STEPY
TFAKY2 /STPCO/ R*4 STPCOHINC

Constant for common volume integration.
- Possiblw given a new value in the following subprograms:
STPPAR

- Used but not changed in the following subprogramss
STEPY

TFAKY3 /STPCOM/ R*4 STPCOM,INC
Constant for common volume integration.
- Possibly given a new value in the following subprograms:

STPPAR
- Used but not changed in the following subprograms'.
STEPY

TFAKY4 /STPCOM/ R$4 STPCODINC
Constant for common volume integration.
- Possiblv given a new value in the following subprograms:

STPPAR"0 =

- Used but not changed in the following subprograms:

STEPY
THER /PATHGE/ R*4 TROCOHINC

Radio horizon elevation angle at receive site in
radians.
- Possibly given a new value in the following subprograms:
INI ATA UNITCV

- Used but not changed in the following subprograms:
DIFSNR INTLIM JAMCOM LTCORR MAIN OUTOAT POWER SUPAG
TRANSF

THERRF /PATHGE/ R*4 TROCOM.INC
Receive reference horizon in radians.
- Possibly given a new value in the following subprograms:

TRANSF
THET /PATHGE/ R*4 TROCOM.INC

Radio horizon elevation angle at transmit site in
radians.
- Possibly given a new value in the following subprograms:

INDATA UNITCV
- Used but not changed in the following subprograms:

DIFSNR INTLIM LOOPS MAIN OUTDAT POWER SUMPAG TRANSF
THETAO /PATHGE/ R*4 TROCOM.IHC

Scattering angle at bottom of common volume in
radians.
- Possibly given a new value in the following subprograms:

TRANSF UNITCV
- Used but not changed in the following subprograms:

. ... ".
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TOTO(20) /IOUT/ R*4 IOUT.INC
Arrav of sampling times (normalized to symbol
duration) for calculation of short term AN/TRC-170
Performance.
- Used but not changed in the following subprograms:'

TRC
TAPOUT /PDATA/ L*4 PDATA.INC

If true, the simulator tap values are output to the
output file, FOR002.DAT. Default is TRUE.
- Possiblu given a new value in the following subprograms:

INDATA
- Used but not changed in the following subprograms:

SUMPAG
TAPW /MCOM4/ R*4 MCOMINC

Normalized tapwidth for MD-918. Default is .5.
Range is 0.25 through 1.0
- Possiblv given a new value in the following subprograms:

INDATA SIGIN a
- Used but not changed in the following subprograms:

BOTAC CAJI CAKL JACON MAIN NATCO OUTDAT
TDEV /NUMPAR/ R*4 NUMPAR.INC

Standard deviation of sampling times for AN/TRC-170
Performance calculations...
- Used but not changed in the following subprograms:

TRC
TDIFF /MCOM4/ Rt4 MCOM.INC

Normalized relative delav between lower and upper
beam.
- Possiblv given a new value in the following subprograms:

MDTS POWER .6
- Used but not changed in the following subprograms:

DINT MATCO
TEMPA(NCORMX) /PDATA/ R*4 PDATA.INC

Arrav of average troposcatter signal delaits for each
beam relative to straight line in seconds.
- Possiblv given a new value in the following sjbprograms:
LOOPS

- Used but not changed in the following subprograms?
MAIN POWER SUMPAG

TERFAC(3) /ERAD/ R*4 ERAD.INC
The three values of ERFAC when NDIST is 1.
- Possiblv given a new value in the following subprograms? 4

INOATA
- Used but not changed in the following subprogramst

MAIN
TFAK /STPCOM/ R$4 STPCOM.INC

Constant for common volume integration.
- Possibly given a new value in the following subprograms: 
STPPAR

- Used but not changed in the following subprograms:

I
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DIVTYP 1*2 GLO Diversitv configuration indicator. Default
is 0.

DLR R*4 6L0 Distance from receiver to radio horizon.
DLT R*4 OLD Distance from transmitter to radio horizon.
DSTSNR R*4 6LO Standard deviation of diffracted signal

long-term SNR distribution in dB.
ERFAC R*4 GLO Yearlv median value of effective earth radius

factor k in kilometers. Default is 1.33.
ERR R*4 61O Integration resolution. Default is .001.
F R*4 OLD Operating freeuenc in Hz.
FOUT R*4 ARG Yearlw average fcde outage probabilitv Per

call minute for each bit error rate threshold
specified and 2S/2F and 2S diversity

configurations,
HCOM R*4 6LO Effective height of the bottom of the common

volume.
HHIGH R*4 6L Effective height of the top of the common

volume. S

HLR R*4 6L0 Receiver radio horizon elevation above sea
level.

HLT R*4 6L0 Transmit radio horizon elevation above sea
level.

ITER 1*2 6LO Number of integration cells in the common
volume integration.

JPOW R*8 ARG Interference signal Power densitv in dBm/Hz.
LNANE 1*2 GLO Link name, Transmitter site first, receiver

site second. Used as link identifier on
output files FOROO2.DAr and SIJNPA6.01T.

LUNITS 1*2 6L0 Integer value that specifies the set of units
reouested by the user. These units are for 0

Path, antenna location, angle, and freeuencu
Parameters. Default is 8.

NACCU 1*2 GLO Parameter used as truncation Point for common
volume integration termination. Default is 40.

NEWCL 1*2 6L New climate twPe character string.
NOW L*1 OL Arraw used in PDP-11 version to hold time of S

dav as characters,
NPAG 1*2 LOC Pate number.
NT 1*2 6LO Number of transmit Ports.
PSIREO R*4 OL0 Array of receiver beam boresight elevations

above radio horizon in radians, ie, angle at
which each antenna is aimed relative to the
horizon, PSIREO(I) is the main receive
antenna.

PSITEO R*4 6LO Arrav of transmitter beam boresisht elevations
above radio horizon in radians, ie, angle at

which each antenna is aimed relative to the
horizon, PSITEO(1) is the main transmit _
antenna.

OCORR R*4 LO Contains elements of covariance matrix, iet

........................... ....... I
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Powers and correlations.
S R*4 LO TroPoscatter Path asgmmetry Parameter.
SCPARN R*4 610 Wavenumber spectrum slope ,mraseter H.

Default is 3.66.
STSNR R*4 6LO Standard deviation of troposcatter signal 0

long-term SNR distribution in dD.
THER R*4 6LO Radio horizon elevation angle at receive

site in radians.
THET R*4 GLO Radio horizon elevation angle at transmit

site in radians,

THETAO R*4 6LO Scattering angle at bottom of common volume. S
TODAY Ll 6LO Array used in POP-11 version to hold date as

characters.
TROLOS R*4 LO Median troposcatter Path loss in dB for each

value in ERFAC distribution.
TRORSL R*4 GLO Median troPoscatter RSL in dBm for each value

in ERFAC distribution. "
UANGLE R*4 6LO Units of angle (dea, mrad).
UDIST R*4 6LO Units of distance (smi, nmi, ka).
UFREG R*4 GLO Units of freauencu (6;Hz, MHz).
UHITE Rt4 GLO Units of height and diameter (ft, a).
URY R*4 6LO Array of receive antennas vertical offsets,
UTV R*4 6LO Array of transmit antennas vertical offsets, S

TRC (Subroutine) outputs to FOROO2.DAT the following variables:
DAUXI R*8 LOC Implicit diversity eigenvalues for AN/TRC-170.
ENNEAN R*4 GLO Average received enerlw.
PAV6 R*4 6LO Short-term average bit error rate for each

sampling time and short-term average SNR.,0
POUT R*4 6LO AN/TRC-170 outage Probability and average bit

error rate as a function of samPiini time,
short-term average SNR and error rate
threshold.

PYEAR R*4 ARG Yearly statistics. PYEAR(l,.) is Yearly
outage Probability and PYEAR(2,.) is S

Yearly fade outage Probability Per call minute
for each BER threshold.

SNDB RS4 6LO Signal to noise ratio in d0.
* SNRLOS R*4 LOC SNR loss in d0.

TO R*4 6LO Normalized sampling time for lower beam.
TOTO R*4 6LO Array of sampling times (normalized to sqmbol

duration) for calculation of short term
AN/TRC-170 Performance.

VEIGV R*8 6LO Implicit diversity eigenvalues for AN/TR(:-170,
X R*4 LOC Error rate threshold.

TRCIN (Subroutine) outputs to FOROO2,DAT the following variables: .0
BW99 R*4 LOC

* CDUR R*4 6LO Duration of transmitted Pulse for AN/TRC-170.
normalized to signaling interval duration.

S



OUTPUT VARIABLES Page D-10

IPULS 1*2 610 Switch to indicate whether Pulse shape at
input of the AN/TRC-J70 detector includes the
effects of RF filters ([PULS = 2) or not
(IPULS = 0 or 1). Set to 2

NCIIIP 1*2 G10 Number of chips in PN seauence used to expand
bandwidth in AN/TRC-170,

NDIVS 1*2 B10 Number of explicit diversitv channels for
AN/TRC-170. Eflual to 4 for 2S/2F and 2 for
2S or 2F.

PEAKAV R*4 GLO Peak-to-average loss due to RF filtering in dB.
X R*4 LbC 2*sigma multipath spread/ss.mbol interval)

TROPO (Program) outputs to F')R002.IIAT the following variables:
IIRAD 1*2 010 Loop limit for MRAD. Default is 1.

(IIRAD is I for MOIST i= 0 and NftAlI is 3 for
NDIST = 1).

NOW 1*1 610 Arrav used in PDP'-11 version to hold time of
dav as characters.

NRAD 1*2 610 ERFAC indicator and loop counter* Default
is 1.

TODAY 1*1 610 Arrav used in PDP-11 version to hold date as
characters#
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