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FOREWORD

This document is the Software Documentation rerorTt for contract
DCA100-80-C-0030 prerared by SIGNATRON: Inc. ¢tfor the Defense Communications
Adency. It contains a descrirtion of the suberodrams used in TROPO to model the
rerformance of digital troroscatter sustems. The theory and analutical sodels
used in the calculations are diven in the User’s Manual and Final Rerort., The
subrrodgramn descrirtions have been droured according to the mador functions
performed.
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CHAPTER 1

INTRODUCTION

This document is the Software Documentation for the Nigital Troroscatter
Performance Model Computer Prodram TROFG, The prodram rerforms praorodation
predictions and madea rerformance rredictions based on the models described
in the Final Rerort.

1.1 Rerort ordanization

The rerort is ordanized into ten charters documenting each af the TRUPO
subprodrans droured according to the tures of calculations theuw rerform and
four aprendices containing cross-reference information abhout TROFO and its outrut.,

Charter 2» Nirivery describes the driver for the TROFO erodram and includes
3 tor level flowchart of TROPO.

Charter 3y Inruty describec the routines that inrut data and do ereliminary
calculations and output of the input varizbhles,

Charter 4y Error Utilitiess describes the rreliminary data checkind and
error handling routines.,

Charter 5y Troroscatter Calculationsy describes the routines rerforming
troroscatter calculations.,

Charter &y Diffraction Cslculationsy describec the routines rerforming
diffraction calculations.,

Chaester "7y Climate Variahility Calculationsy describes the routines
rerforaind climate calculations,

Charter 8y Butterworth Filter Calculationsy describes the rautinec
rerforaing filter calculations.

Charter 9, MD-918 Modem Calculationss describes the routines perforsindg
calculations for the MD-918 modenm.

Charter 10y AN/TRC-170 and DAR Modem calculationss describes the routines
perforesing calculations for the AN/TRC-170 and AR modem calculatinns,

Chapter 11y Final outruts, describes the routine that ocutrutis SUMFAG.QUT znd
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DUCTION Pade 1-2
o
the routine that outrputs the simulator tar values,
Arrendix Ay PDP Related Informations is for users running the FIF version :
of TROPO. It cross-references information asbout the varinus files in three
subsections? - L4

1) Subrrodram / Module Reference Index! This lists each subrrogram
name alphabetically followed hy the file it is in.

2) Module / Subrrogram Reference Index! YThis lists each file naame
alrhahetically followed by the subhrrodrams it contains. -

3) Common / Include File Reference Index! This lists each common L
name alrhabetically followed hy the include file it is in.

Arrendix Ry Call Cross-References lists which TRUFD routines and Fortran
functions each subrrodram calls as well as which has called the subprogram,

®
Aprendix Cy» Global Variable Dictionaryy defines each <lobal variables '
identifies its tuyre and the coamon it is contained in., In additions helow each
variable is 3 list of which subrrodrams have used it and which have diven it =
new value,
Arrendix Iy Qutrput Variabless defines each variahle outrut to the outeut
files FOR0O02,0AT and SUMPAG.OUT. »
The index alrhabetically lists each suberodram and the page it is descrihed :_ifflz
on. ‘,}:"gj‘
g
1.2 Documentation Structure
The documentation in charters 2 throush 13 has heen divided into ten wmalor
functions: i

1) Driver

2) Data inrut

3) Data checkinsg

4) Troroscatter calculations .
S) Diffraction calculations L
6) Climate variability calculations
7) Rutterworth filter calculations

8) M0-918 modes calculatiaons o

9) AN/TRC-170 and DAR modem calculations o
10) Final output -

Each subrrodram falls into at least one of these sections. In some casesy & T
routine is wused by wmore than one section. Sor if 3 routine is not in the RTINS
section wou expects the index can auicklw direct you to the ridght pade. Tl e

rErr
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IETION

Each subrrogram descrirtion follows the same foram!

1)

2)

5)

6)

7)

8)

9)

10)

Subrrodram naase!

Purrose?

flescrirtion?

Reference!

Calling sequence:

Contained in
module!

Called byt

Calls:

Input ardusents:

Outeut arduments:

Global variables

Subroutine or Function followed
by the name of the routine.
This does not include calling
arduments

Ilescribes the function the
routine rerforms.

This is 3 more extensive
descrirtion of the routine’s
function. Also describes coding
conventions that sou should be
aware of» overall codins
structures etc,

Lists outside reference works
usually giving 3 backdround for
and 2 more in-derth descrirtion
of the eauations used in the
code.

Variables used in calling the
subrrodranm,

The name of the source file the
subrrodram can be found in,

Lists which routines call this
one.

List which routines this one
calls, It does not include
system routines such as SIN and
SQRT or statement functions.
Arrendix R dives a full listindg.

All values ra3ssed to the routine
throudh the calling arduaents.
This list may overlar the outrut
arduments since some variahles
a3y he used for both inerut and
outrut,

All values outeut from the
routine through the callind
arduments.,

All dlobal variables used by the

Pade 1-3
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Pade 3-4
Jtine ANTGED

TSEP(D) /I10DATA/ R%4 IOBATA.INC
Separation between transmit antennas in aeters.
URH(NR) /PATHGE/ R34 TROCOM,. INC
Array of receive antennas horizontal offsets froa
dreat circle rlane in aeters,
URL (NR) /PATHGE/ R¥4 TROCOM, INC .
Array of receive antennas londitudinal offsets in
neters,
URV (NR) /PATHGE/ R¥4 TROC(H . INC
Array of receive antennas vertiral offsets in meters.
UTH(NT) /PATHGE/ R4 TROCOM, INC -
Array of transmit antennas horizontal offsets in
meters.,
UTL(NT) /PATHGE/ R%4 TROCUM . INC
Array of transait antennas londitudinal offsets in
neters.
UTV(NT) /PATHGE / R%4 TROCOM, INC

Array of transait antepnas vertical offsets in seters,

.
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itine ANTGEQD

Pl

UANGLE

UFREQ

UHITE

Page 3-3

/CONSTA/ R¥4 CONSTANTS, INC
Constant Pi = 3.1415924654,

JUNIT/ R&4 IODATA, INC
Units of andle (deds mrad),

/UN1T/ R%4 I0DATA. INC
Units of freauency (GHzs MHz).

JUNIT/ R¥4 IODATALINC

Units of height and diamevsr (ftsy n).

Global variables outrut to cosmon:

AR (NRMX)

AT(NTHX)

IBR (NRKXyNRMX)

IPOLR (NKMX)
IPOLT(NTHX)
NR
NT

PHDIV

PSIRAO(NRMX)

PSIREQ(NRMX)

PSITAO(NTHX)

PSITEO(NTHMX)

RSEP(3)

JANTENN/ RE4 TROCOM, INC

Array of receiver antenna diameters in meters, AR(1)
is eauivalent to RDIAM in the inrut file.

/ANTENN/ RE4 TROCUM. INC

Arraw of transaitter antenns diameters in seters.
AT(1) is eauivalent to TDIAM in the inrut file.
/SYSTRN/ 1%2 TROCOM, INC

Channel comrlex-envelore correlation and
cross-correlation calculation indicator array.

0 = No calculation
1 = Power (correlation) calculation onlu
2 = Power (correlation) per uynit delay
spectrum calculation
/ANTENN/ 1%2 TROCOM. INC
Array of receiver antenna polarizations.
/ANTENN/ 1%2 TROCOM, INC
Array of transeitter antenna polarizations,
/SYSTRN/ 1%2 TROCON,. [NC
Nusher of receive rports,
/SYSTYRN/ 1%2 TROCON. [NC
Number of transait ports,
/MWCONA/ R¥4 MCOM. INC

Sauint andle between urper and lower receiver beams in
radians, Detfault is beamwidth.

/ANTENN/ R&4 TROCOM, INC
Array of receiver beas 3zimuths in radians.
/ANTENN/ RX¥4 TROCOM, INC

Array of receiver beam boresight elevations above
radio horizon in radiansy iey andle at which each
antenna is aimed relative to the horizon., PSIREO(1)
is the m2in receive antennsa.,

/ANTENN/ Rx4 TROCON . INC
Arrauv of transaitter beams azimuths in radians,
/ANTENN/ Rx4A TROCOM,. INC

Array of transmitter beam boresight elevations above
radio horizon in radians, ies angle at which each
antenna is aimed relative to the horizon. PSITEO(1)
is the m2in transmit antenna,

/I0DATA/ Rx4 I0ODATA.INC

Separation between receive antennas.




{PUT Pade 3-2
ibroutine ANTGED

3.1 ANTGEO

Subrprodras nase! Subroutine ANTGED

Purpose! Coarute antenna seometiry rparameters for chosen diversity '
confiduration (DIVTYP),

Callind seauence?
CALL ANTGED (BWR» BW1, HEK» HY)

Contained in module: ANIGED ®

Called bu! INDATA

Calls? NONE

Inrut arduments? "o
HR R¥4 Receiver antenna heisht above sround.
HT RE4 Transmitter antenna height above dround.

Outrut arduments!
BWR R¥4 Receiver antenna beamwidth in dedrees. e
BUT RX4 Transaitter antenna beamswidth in dedrees. o

Global variables input from cosson!
ACALC /10DATA/ 1.4 T00ATA.INC
TRUE if the angles PSITEO and PSIREO are calculated
rather than read in. RS
CHMTPFT /CONSTA/ Rx4 CONSTANYS ., INC o
Meters per foot = 00,3048, 8
DIVTYP /MCOM2/ 122 HCOM . INC
Diversity configuration indicator, Default is 0,

0 = 2 receive antennasi 2§ 2S/2F 25724 25/24/2F
1 = 1 receive antennai 2A 2F 2F/2A ,
2 = 2 transaity PY
2 receive antennasi 25/2P 285/2¢/24 -
3 = Not used
4 = User surprlied rarameters
S = Space F = freguency A = Andle P = Polarization L
F /SYSTRN/ R¥4 TROCOM ., INC - --'nq
Drerating freouency in Hz. MNodel is accurate between e ]
100MHz and 10GHz.
LERR /LUNS/ 1%2 LUNS,INC
Error outrut unit,
MET /UNIT/ R%4 I0DATA.INC
String ‘met ’ for units outrut. S
MHZ JUNIT/ R24 IDDATA, INC K |
String ‘MHz ‘' for units output. o
MRADNS JUNTT/ R4 IODATA,. INC

String ‘srad’ for units outrut,
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CHAPTER 3

INPUT

This section describes the initial dats handlindg routines!

User’s Manual

Name Deserirtion section
ANTHED Antenna denmetry «+« « + o+ + ¢+ + NA

ERRIO I/0 Error messadge outrput » + + 2.3y 3.4,3
INCGATA Data input T I T T 4
OUTDAT Outeut summary of input date . 3.4.1
SECTOR Sector search + « ¢ o o ¢+ s o o+ NA

UNITCV Units conversion e b e e ey 242

UNITS UUnits decondind/encodingd « + » + NA

The main routine for this section is INDATA.

All data input to TROPUO comes fraom the input files, TROPO,0AVy on unit LIN.
A comrlete descrirtion of this file can be found in the User’s Manualsr section
3.2, DUTDAT writes into the file FORV02,DAT on unit LOUTy which is described in
section 3.4.,1 of the User’s Manual.

NOTE

In most cases the sections in the User’s Manual describe the coded
eauations as well as the theory behind theam. NA denotes routines that
are prodrasaind utilities such as finding indices» settind pointers,
etCo

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

, )
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igram TROPO

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

0 = Use inrut THEY, THER as reference and
actual horizon (default).

1 = Calculate reference horizon using HORANG
and K eguals 1,33, (Assumindg DL.T and DILR
are non-zero.) ({({ertion not available.,)

2 = [lalculate reference horizon using HORANG
and K eauals ERFAL. (Assuming OLT and OLK
are NON-zero.’

3 = Do not chande reference horizons fros
rrevious run, (Dption not available.)

SEAN /PROFAR/ Rx4 TROCOM. INC
Miniaum monthly median of refractivity at sea level.,
Used to calculate ERFAC if non-zero.
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Prodgrams TROPO
For DIVTYP = 2%
@(.s1) Power on path 1 (lower beam) vs. delay.
@(.s2) Correlation between converdent paths
(lower beam) vs., delau.
Q(.+»3) Correlation between diverdent raths
(lower beam) vs., delay.
0¢(.»4) Correlation hetween parallel raths
(lower beam) vs. delau.
@¢.»5) Correlation betueen crossingd paths
(lower beam) vs. delay.
0(.96) Power on path of urrer beam vs. delay.
@(.»7?) Fower on diffraction path vs. delay.
STSNR /SUMP/ R%4 SUMP, INC
’ Standard deviation of troroscatter sidnal londg-tera
SNR distribution in dB.
TAPH /MCOH4/ Rx4 MCOM, INC
Normalized tarwidth for M0-918, Default is ,5.
Rande is 0,25 through 1.0
TEMPA(NCORMX) /PRATA/ R&4 PDATA.INC
Array of averade troroscatter signal delaus for each
beam relative to straidht line in seconds.
TERFAC(3) /ERALD/ RX4 ERAD, INC
The three values of ERFAC when MDIST is 1.
THER /PATHGE/ R%4 TROCOM. INC
Radio horizon elevation andle at receive site in
radians.
THET /PATHGE/ R&4 TROCOM. INC
Radio horizon elevation andle at transmit site in
radians.,
TODAY(9) /TSTAMNP/ Lx1 10DATA. INC
Array used in PDP-1{ version to hold date as
characters,

Global variables output to comaon!

DELPBZ /RZY/ R%4
Resolution of a delay cell in seconds. Yame as DELPR
in /PDATA/.
DELTAR(NRMX) /ANTENN/ Rt4 TROCOM. INC
3dB half-beamwidth of each receive antenna in radians., o
DELTAT(NTHX) /ANTENN/ R®4 TROCOM. INC B
3dR half-beamwidth of each transmit antenna in @
radians, ' .
ERFAC /PROPAR/ Rt4 TROCOM. XNC R
Yearly sedian value of effective earth radius factor k :;::::_ﬁ
in kilometers, Default is 1,33, T
GRDB(NRMX) /ANTENN/ Rx4 TROCOM . INC S
Gain of each receive antenna in dBi., Y
GTDE(NTMX) /ANTENN/ R%4 TROCON. [NC o]
Gain of each transmit antenna in dRi. RS
ITOFF /PROPAR/ 1%2 TROCOM. INC 'j{{{:ljff
S
R
®
)
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Prodgras TROPO

MODPAT /HCOM2/ 132 KCONM, INC
Proradation/modens flad to select calculation mode.
Default is 1.

0 = Proradation only

1 = Proradation ¢+ N0-918 modea

2 = Propadation + AN/TRC-170 or DAR modea
3 = Proradation + user-defined modem

MODSIG /MCOM2/ 12 MCOM, INC
Interference signal modulation format. Nefault is 1,
0 = Analod FOK / FM
i Digital @PSK
MRAD /ERAD/ I1x2 ERAD.INC
Loor limit for MRAD. Default is 1.
(MRAD is 1 for MDIST = 0 and MRAD is 3 for MDIST = 1),
NERT /HCON2/ 152 HCOM ., INC
Bit error rate threshold indicator for vearly fade
outade probability calculation., hetault is 2,
0 = All three thresholds
= For 102%(-3) only
For 10%%(-4) only
For 10%%(-5) only
NOBS /MCOM2/ 1%2 MCOM, INC
Nusher of diffraction obstacles. Maxiaum is 3,
default is 1.

1
2
3

NOW(8B) /TSTAMP/ Lx1 I0DATA,INC
Array used in PDFP-11/70 version to hold time of dau as
characters,
NR /SYSTRN/ 182 TROCOM ., INC
Number of receive ports.
NRAD /ERAD/ Ix2 ERAD.INC
ERFAC indicator and loor counter. Default is i,
NT /SYSTRN/ 182 TROCOM. INC
Nuaher of transmit ports.,
Q(NRELMX s NCORMX) /PDATA/ R34 PDATA,INC

Matrix of troroscatter sidnal rower and correlation
rer unit delay rrofiles.
For DIVTIYP = 0!
@(.+1) Power on lower beas vs. delay,
Q@(.92) Correlation between lower and
urrer beam vs. delawu,
w(+93) Correlation between lower beams X )
in antennas 1 & 2 vs, delay.,
0¢.v4) Power on urper beam vs. delay.
0¢.»7) Power on diffraction rath vs, delay
fFor OIVTYP = 1!
0(.v1) Power on lower beam vs, delaw.
0¢.92) Correlation between lower and o
urrer beam vs. delay,
0(.»3) Pouer on urper beam vs., delay
Q(.+7) Power on diffraction path vs. delay.,
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A /PATHGE/ R¥4 TROCOH. INC
Effective earth radius in meters.
AA /PROPAR/ R%4 TROCOM. INC
Atmosrheric absorption loss in dR, AR
BW /SYSTRN/ R:4 TROCOM., INC -
Randwidth in Hertz. Default is 7 MHz. -
D /PATHGE/ R%4 TROCOM. INC

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

DEL /SUNF/ RXx4 CURVE ., INC
Diffraction rath delav relative to a3 straight line
path in seconds.

DELFB /PDATA/ R4 PDATA.INC
' Resolution of 3 delay cell in seconds.
DL(3) /MCOMA/ RX4 MCOM., INC
Array containind distance from each obstacle to
transaitter in meters.
DRATE /HCOM4/ R24 MCOM. INC
Data rate in bits/second. llefault is 6.6E6.
DS(I) /HCOM4/ RX4 MCOM . INC
Array of effective obstacle extents along the great
circle path in meters. :
EOF /CONTRL/ L4 TROCOM. INC -
tnd of TROPO.DAT file found if TRUE, :
F /SYSTRN/ R34 TROCOM. INC

Oreratingd freauency in Hz., Model is accurate between
100MHz and 10GHz.

HL(3) /MCOMA/ R24 NCOM, INC
Array containind elevation of each obstacle above sea
level in meters, HL(1) i1s elevation of transaitter
radio horizon HLY, HL(NOBS) is elevation ot receiver
radio horizon HLR.

HRN /PATHGE/ R¥4 TROCOM . INC

Receive antenna height above sea level in meters.
HTN /PATHGE/ R4 TROCOM . INC

Transeit antenns height sbove sea level in seters. -
IBW /NCOM2/ 1%2 MCOM. INC

Switech indicating ture of RF bandwidth constraint to
pe used on desired sidnal, Default is 0.

0 = No RF filterinsg
1 = Filter deterained from 99% bandwidth constraint
2 = Filter chosen to aeet FCC Mask., (FCC-19311)
3 = Filters are user specitied
LOuUT /LUNS/ 1%2 LUNS.INC
FOR002,.DAT outrut unit nusber.
MDIST /ERAD/ 1%2 ERAD. INC

Multirath distribution indicator,

0 = Only sedian multirath spread used(default) -

1 = Multirath distribution used. (Brtion not Ry
currently available.)
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Progras TROPO _
o
2.1 TROPO
Progras name! Prodraa TROPO
- Purrose! To predict sindle link digital troroscatter communications _.

systen performance for freauencies between 100 Mhz and 10 Ghz,

Nescrirtion! The routines in TROPO can be droured into eight saJor
functions!
- 1) Bata input and unit conversion! INDATA,

2)
3)

Data checkind and error handlindg! CHKDAT. °®
Troroscatter proragation calculations! ATMOS» TRANSF»
ANTPARs INTLIMs LTCORRs LOOPS and POWER.

Diffraction proragation calculations! MDIF and DRIFSNR,
Transsitter and receiver filter calculations! BUTFIL.
HN-918 modem performance calculations! WDTS,
AN/TRC-170 and DAR modem rerformance calculations!
Suamary rade outrut! SUMPAG.

4)
S
6)
7
8)

fRCIN. ®

The rrodram can rerform one of the following functions for each runi
1) Troroscatter calculations only
2) Troroscatter and diffraction calculations -
l 3) Troroscatter and interference calculations ®
4) Proeadation (one of ahove %) + MD-918 modem
9) Proradgation + AN/TRC-170 or DAR mondea
4) Proradation ¢+ user defined modem

The input files used are!

Unit no.

- -

File name

TROPO.DAT

The outrput files used are!

Lout = 2
LERR = 2
LDERUG = 2
LSUN = 3
LTERM = 4
CALL TROPO

Contained in module!

Calls!

ANTPAR ATHOS
MDTS

MDIF

FOR002.DAT
FORQ02,DAT
FOR002.DAT
SUMPAG ., 0UT
{user‘s terminal>

TROPO

CHKDAT DIFSNR
SUMPAG TRANSF

BUTFIL
POWER

Global variables inrut from comson!

Pescrirtion

The input file.

The outrut file,

The error outrut file.
The (debud) output file.
The summary rade file.
Error maessades,

INDATA
TRCIN

INTLIN LOOPS  LTCORR




‘ TROPO-MAIN ’

l INDATA l

READ DATA AND CONVERT
UNITS

@D — G

YES PRINT DIAGNOSTIC
MESSAGE

ANY

I CHECK INPUT DATA FOR FATAL ERRORS

ERRORS

COMPUTE TROPOSCATTER
PROPAGATION PARAMETERS

LOOPS, ATMOS
R, IT

ol )
DI FSNR

15
YES COMPUTE DIFFRACTION PATH
PYYPE.EQ.1 PROPAGATION PARAMETERS
Is
DPAT .NE . YES CALCULATE
AND COMPUTE FILTER INTERFERENCE
) 18W > O PARAMETERS ‘ PARAMTERS
i TS NO
NO
: 1s
: YES COMPUTE MD-918
, MODPAT.£Q. ) SeRFORANCE
‘ TRCIN
.
. (0.2 YES COMPUTE TRC-170
-£Q- DAR PERFORMANCE
15
‘ YES
1 COMPUTE USER
_ WODPAT.EQ.3 SYEPL1ER. e
. R c

NO
PRINT SUMMARY OUTPUT

Figure 2-1 Top Level Functional Flow Chart for TROPO Program ‘Ca'lcu'lations
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CHAPTER 2

DRIVER

This section describes the driver for the TROPO prodram. Figure 2-1 is a
tor 1level flowchart of the TROFO rprodram at a functional level, In most cases
the blocks corresrond to one or more subrrodrams. The test blocks (diamands):
excert for *Any fatal Errors'y corresrond ton lodical branches which are decided
by the user’s choices of input data.




“ INTRODUCTION

3

POP version

FARAMETER
INCLUDE

RYTE
Leading tab
Rlank lines
Serarate
source files
" DATE and TIME

No RETURN in
block dats

IBM version

- - an - -

Actual numbers used

Commons 3already
included

LOGICAL%XL data ture

S or 6 sraces

‘C’ befaore line

All sources in 1 file

No date and time foar
outrut
RETUKN at end

Page 1-6

Affects (amond nthers)

- - - —— - —— -

TROPAR.INCs TROCOM.INC
and DATAINIT.FIN

Any routine ancessing 2
coRmon

Various routines

All routines

All routines

NA

TROFO» OUTHAT, and SUMFAG

DATAINIT.FTN

Certain FORTRAN cosrromises have heen made in the code to satistfu
FORTRAN-H Extended which are accertable tos though not ortimal for,

FORTRAN-IV PLUS?

1) IBM does not allow INTEGERX2 variables a3c arsuments to FORTRAN
functions which reaquire inteder arduments so that INTEGER®4
variables have been used 235 arduments 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 lodical unit numberssy LOUTy LINs etc.r are [NTEGERX4,

4) The variables in common are listed in decreasing storade size.

5) Data for each common is initialized in block data only.

4) Quoted literals are only used in data statements.

7) Arithaetic expressions were not used in WRIVEss, GOVUs and DO loors.

8) Logical variables are LOGICALX1 or LOGICALX4 rather than LOGICALRZ,
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The error output files lodical unit LERRy is assigsned the same unit number
as the outrut tile. This can he chanded to a uniaue number so that the errors
are written to 2 separate file, Note that for the PDF version this would also
involve chanding the task build commsand file to increase the nuaber of active -
files (ACTFIL = ) and the lardest LUN accessed (UNITS = )¢ Your <scystea e3nusl °
will have wmore information on this. Re aware that this will also increase the
size of the task.

Ltogical unit LSUM is exrlicitly assigned to the file SUMFAG,DUT bu the OFEN
statement in subroutine SUMPAG.

Qutrput to the terminal is done on lodical unit LTERM which has been set to
4, The default for the tersinal is S but in order to reduce task size it has
been assidned to unit 4 in the task huild comsmand file. Note that this
assidgnment can he chanded to the system disk if TROPO is to he run in backdground
and as such capnot access the terminzl. It the disk 1is wusedy a files .
FOROOA.DATy will be orened for the error sessadges normaily sent to the tersinal, ®
Another ortion is to set LTERM to the same value 2as LERR in the block dzta
section tno have the messades in the same file.

1.5 PDP and IBM coding differences )

Throughout this document PDF and IRHM refer to versions of the prodram and
not necessarily the computer it 1is running on, The PDP version was written S
ysind many of the features of PDP Fortran that allow SIGNATRON to revise the S
prodrams eastly. The IBM version is mnre universal since it is closer to ANSI L
Fortrans which allows it to run on other sustemss with fewer modifications, The
following features are different in the source codes of the two versions!
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e e e e e ey a0

inrput from common! routine but not given a3 new
value.

¢ 12) Global variables All dlobal variables possibly
outrut to common!  given 2 new value by the °
routine.

All sections of the descrirtions excert those wmarked bw 3 ‘%‘y are 3lways
epresent in 211 routine descrirtions whether data follows the section or not.

1.3 Fortran IV-PLUS

TROFO is written in Fortran IV-FLUSS therefores it is necessaruy that the
frodaram link to the Fortran IV-PLUS library. Thoush it is possible to coarile ™Y
and run under Fortan-77s the outrut is not suaranteed since Fortran-77 iz not 3 )
strict surerset of Fortran IV-FPLUS and the diffrerences in the versions may chande
the results,

1.4 Inrput and outrut units o
The lodical units the TROFD rrogram reads from and writes to files whose :ﬁ;
associated 1lodical wunit numbers are variables epassed throudh the cosmon /LUNS/ R
in file LUNS,INC. The values are set in the block data section to! T e
Nanme LUN Purrose File name
LIN 1 Inrut file TRIFPO,.DAT
Louy 2 Outrut file FOR002,DAT R
LREBUG 2 Outrut file FOROO2,DAT ®
LERR 2 Error file FOROO2.DAT A
LSUN 3 Sumaary rade SUNPAG.OUT o
LTERM 4 Error messades <user‘s terminal’ o
Lodical unit LIN is exrlicitly assidned tn the file TROFPO.NAT by the OPEN 4 °
statement in subroutine INDATA, o
LOUT is implicitly assidned to the file FORQO02.DAT. The PBF~11/70 will -;f
assign the default naae FOROON.0AT to any file written to or resad from on S
lodical unit n which has not been orened previous to the read or write. )
. 9

LDPERUG is always 3ssidned to the outeput file and is sresent only to
distinguish debud write statements from output write statements.
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Subroutine ERRID
e
3.2 ERRIO ;
Subrrodras name! Subroutine ERRIO ;?
Purpase! Qutputs error nuaber and error messade to terainal (unit "

LTERM) and the outrut file FOR002.DAY (unit LOUT).

Descrirtion! Checking for inPut errors is done throudhout TRUPD but the
messades written from this routine are for initial testing done in
the inrut routines, INDATA, SECTOR» a3nd UNIVS., When a fatal error or
data inconsistency is found: eprocessing transfers to this subroutine. ®
Most errors found are fatal so processing branches to line 500 to STOP
after outrutting the messadei others are merels warninds and branch to
© 600 to return to the callind prodram and continue rprocessing.

The errors are divided in the source code by calling routine so 3
check of the code or FDRMAT stateaents reveals in which routine the -

error was encountered. o
Note that for 311 error 999c the calling prodrams has already
printed an error messade to the outrput file FORVOO2.DAT before calling
ERRIO.
Calling sequence: @
CALL ERRIO (1) .
Contained in module! ERRIO
Called by: INDATA SECTOR UNITS .
Calls: NONE
Inrut arduments? h
I 1x2 Error number. .
Output arduments! ..
NONE
Global variables input fros cosmon!
LouT /LUNS/ 182 LUNS, INC .
FOR002.DAT output unit nusber, «
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Subroutine INDATA

3.3 INDATA
Subrrodras nase! Subroutine INDATA

Purpose! Yhis subroutine reads the data reauired for TROPO calculations
fros the inrut file TROPO.DAT,

Descrirtion: £ach section in the source code of INDAVTA is identified by
dashed lines around 3 section header which corresrond with each
section in the inerut files, TROPO,DAT,

There are three tures of lines in the input file TROPO.DAT!
1) Sector header

2) Comment
J) Data

A sector header identifies the bedinning of each section. Before
INDATA reads 3 section of datas SECYOR searches for the sector header
by readind lines until the first four letters match the section wanted.
This feature makes the data in each section inderendent which is
necessary whens for exaalrey PTYPE = 0. 1In this caser INDATA reads in
3ll the TROPODSCATTER data. The next sections DIFFRACTIONs, is only
needed for PTYPE = 1., Since it contains data for some of the same
variables Just initializeds in order to rreserve these values» SECTOR
is called to search for the RIFFRACTION sector header which skirs over
these data lines. From this paint INDATA d0es on to read the diversity
data.

A comment line describes the data that should followr diving
defaults and maximums in some cases., Each bedins with a ‘%’ to
differentiate these lines from the sector headers., In the codes the
statesent! READ (LINs100Y5) skirs over the comment lines in the inrut
file. The number of these reads corresronds to the numsber of comsment
lines preceding each data line in the input file.

Most data lines are read in list-directed, This tyre of read will
read didgits into the variable until a deliseter (space or comss3) is
foundy eliminating the need for data to be lined ur in specific
columns as in formatted input, The data ture is converted on input
to the variable ture so that inteders may be input for reals. Two
consecutive commas (or 3 leading or trailing comma) inruts no data
into the corresronding variable» thus preserving its default value,

A slash terminates input for all remaining items in the inrut list,
also rreserving their default values. Note» the slash cannot be used
for lodical or literal data.

Literal data isy» in most cases» read into KEALX4 varishles with an
alpha format descrirtor (nf the fors Alwl), This will put one
character into each of the four butes of the real as though it were a
BRYTE (LOGICALX1) arrav of length four.
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CAUTION! When sdding new variables to the inrut file» do not insert
them before the units section (HDU, ANGU» etc.) if the data is to be
converted by UNITCV to and fros MKS units. In sybseauent runss the
call to UNITCV coses immediately after these units are decirhered so
all values in cosmon are treated as thoudh in MKS units.

Calling seauence!
CALL INDATA (JPOW:ASEPsCLIMATsBWT,BWRsPYYPE, JRHy TRCTYPs FISEP)
Contained in module! INDATA

Called bu! TROPO

Calls? ANTGEO ERRIG  OQUTDAT SECTOR UNITS
Input ardusents:
NONE
Outrut ardumsents!
JPOW Rx8 Interference sidnal power density in dhm/Hz.
ASEP R%4 Separation between receive antennas in seters,
CLIMAT Rx4 Climate zone indicator.
BWT R24 Transait antenna beamwidth in dedrees.
RUWR R¥4 Receive antenna beamwidth in desrees,
FTYPE 1%2 Yariable which indicates whether proradgation

mechaniss is pure troproscatter (0 or 10) or mixed
troroscatter~diffraction (1 or 11).
JBYW Rx8 Interferind signal bandwidth in Hz2.
TRCTYP Rx4 TRC-170 modem ture indicator!
0 = 1 freauency DAK modes
1 = 2 freauency AN/TRC-170
FJSEP R¥4 Freauency separation between desired signal and
interference signal in Hertz.

Global variables input from cosmon?

a0 /CONSTA/ R%4 CONSTANTS . INC
Radius of the earth in meters = 6347450,

co /CONSTA/ Rx4 CONSTANTS . INC
Free space velocity of radio waves = 2,998t8 a/sec.

CMTPFT /CONSTA/ R24 CONSTANTS . INC
Meters rper foot = 0,3048.

GHZ JUNIT/ Rx4 I0DATA.INC
String ‘GHz ‘' for upnits outrut,

KM JUNIT/ RX4 10DATAINC
String ‘ka ‘ for units outrut.

LERR /LUNS/ 122 LUNS . INC
Error outrut unit.

MDIST JERAD/ 112 ERAD. INC
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L1}
UDIST

UFREQ

Pade 3-8

Multirath distribution indicator.
0 = Only median multirath spread used(default)
1 = Hultirath distrihution used. (Oetion not

currently available.)

JUNTT/ RE4 IODATA.INC

String ‘HHz ‘ for units outrut.

JUNIT/ Rx4 IOBATA,INC

Units of distance (sai» nmisy ka),

JUNIT/ Rx4 I0DATA.INC

Units of freauency (GHzy MHZ).

Global variasbles outrput to common:

A

ACQLC
AR (NKRMX)
AT(NTHX)
AVERX
AVETX

BW
CHGHR
CHGHRE
CHGHT
CHGHTE

CN2(NPROF)

CoDE

DELH

DEMIN

/PATHGE/ Rt4 TROCOM, INC
Effective earth radius in aeters.,
/I0DATA/ Lx4 IODATA . INC

TRUE if the andles PSITEQO and PSIREO are calculated
rather than read in.

/ANTENN/ R24 TROCOM,. INC

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

/ANTENN/ Rx4 TROCUM . INC

Arraw of transeaitter antenna diameters in seters.
AT(1) is eauivalent to TDIAK in the inprut file.
/MCOMA/ RX4 MEOM. INC

Averade terrain elevation above sea level between
receive site and radio horizon» in meters.

/HCOM4/ R%x4 MCOM. INC

Averadge terrain elevation above sea level between
transeit site and radio harizonsy in meters.
/SYSTRN/ RE4 TROCOK, [NC

Bandwidth in Hertz, Default is 7 MMz,

/10DATA/ Lx4 IODATA.INC
HR set to AR(1) if TRUE,

/I10DATA/ L4 I0DATA.INC
HRE set to HR if TRUE,

/I0DATA/ L%4 IODATA.INC
HT set to AT(1) if TRUE.

/T0DATA/ Lx4 10DATA.INC
HTE set to HY if TRUE.

/PROPAR/ R%4 TROCOM. INC

The atmosrheric structure constant height profile in
meters to the -2/3 rower.,

/MCOM4/ Lx4 MCOM . INC
Flad for codindg.
/PATHGE/ RX4 TROCOM. INC

Great circle distance between transaitter and receiver
measured at sea level in meters,

/PROPAR/ Rx4 TROCON, INC
Sracind of CN2 saarles in aseters.
/CURVE/ RE4 CURVE,.INC
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Subroutine INDATA

lser suprrlied ainima of the 90th rpercentile
variability curver Y0(90).
DIVTYP /HCOM2/ 1%2 HCONM, INC
Diversity confiduration indicator, Default is 0.
2 receive antennasi 2§ 28/72F 25727 25/24/2F
1 receive antennaé 2A 2F 2F/2A
2 transaity
2 receive antennass 25/2P 25/2P/24
Not used
4 User surrlied rparameters
§ = Sprace F = Freauency A = Andle P = Polarization
DL (3) /HCOMA/ R4 MCOM, INC
Array containind distance from each obstacle to
transaitter in meters.,

P e O
nunn

w
Hu

-

DLR /PATHLE/ RX4 TROCOM ., INC
Distance from receiver to radio horizon in meters,
» DLT /PATHGE/ R¥4 TROCOM, INC
Distance from transmitter to radio horizon in seters.,
DRATE /MCOM4/ R%4 MCOM . INC
Data rate in bits/second. Default is 6.6Eé6,
pS(3) /KCOMA/ Rx4 MCOM, INC
Airray of effective ohstacle extents alond the dreat
a circle rath in seters,
ELANG(10) /MCOM4/ RXx4 MCOM. INC
Interferer elevation andles in dedrees. Default is 0.
EOF /CONTRL/ Lx4 TROCOM . INC
End of TROPO.DAT file found if TRUE.
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
Coamon volume intedration resolution, Default is .001,
F /SYSTRN/ RXx4 TROCOM, INC
Orerating freauency in Hz. Model is accurate between
D 100MHz and 10GHz,
FCRX /BUTPAR/ RXx4 BUTPAR. INC
Noraalized JdB cut-off freauency of receiver filter,
FCTX /BUTPAR/ Rx4 BUTPAR, INC
Normalized 3dB cut-off freauency of transaitter
filter., .
D GPF /CURVE/ R%4 CURVE ., INC

freauency correction factor for user susprlied 90th
rercentile variability curve, Default is 1.
HICISS) /MCONA/ RX4 MCOM. INC
Array containind NPM(1) evenlu-spaced terrain
: elevation datas (in meters) between transmitter and .
D first obstacle followed by NPM{2) evenlu-sraced ®
L terrain elevation data between first and second )
obstaclesy etc.» endind with NPM(NOBS+1) evenlu-spaced
terrain elevation data hetween last obstacle and

L P .
. . e e e
e, PPN
L . O
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INPUT
Subroutine INDATA

HL(3)

HLAV (D)

HLEF (3)

HLOW

HLR

HLT

HRE

HRN

HTE

HTIN

TBR(NRMX» NRMX)

IBW

Pase 3-10

receive site. The data should be selected such that!
HI(1) = Verrain elevation above sea level at
transait site (HTO).
HI(NPM(I)) = HI (NPH(I[)+1) = Elevation of Ith
obstacle above sea level (HL(I)),
HI(NPN(NOBS+1)) = Yerrain elevation asbove sea
level at receive site (HRO).
In MDTSy HI is used as work srace., It is eauivalenced
to local arraus.
/MCOM4/ R%x4 MCOM.INC
Array containind elevation of each obstacle above sea
level in meters, HL(1) is elevation of transsitter
radio horizon HLT, HL(NOBS) is elevation of receiver
radic horizon HLR.
/MCOM4/ Rx4 NCOM . INC
Arrav containingd averade terrain elevation at each
diffraction roint in seters.
/HCOM4/ RX4 MCOM, INC
Array conta2ining effective heisht of obstacles sbove
averade terrain elevation in meters.
/PROPAR/ RX4 TROCUM . INC
Lowest height sbove se3 level at which CN2 is
srecified in meters.,

/PATHGE / RX4 TROCOM. INC

Receiver radio horizon elevation shove sea level in
neters,

/PATHGE/ R4 TROCOM. INC

Transeit radio horizon elevation above sea level in
seters,

/MCOKA/ R%4 MCOM. INC

Effective receiver antenna height above averade
terrain elevation in meters,

/PATHGE/ R%24 TROCOM, INC

Receive antenna height above sea level in meters.
/MCOMA/ R24 MCOM. INC

Effective transaitter antenna height ahbove averasge
terrain elevation in meters.

/PATHGE/ RXx4 TROCOM . INC

Transmit antenna height above sea level in seters.
/SYSTRN/ Ix2 TROCOM, INC

Channel comsrlex-envelore correlation and
cross-correlation calculation indicator array.

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

spectrum calculation
/HCNN2/ 1%2 MCOM . INC
Switch indicating tupe of RF bandwidth constraint to
be used on desired signal. Default is 0.
0 = No RF filterins




INPUT
Subroutine INDATA

ICLINE

IFILRX

IFILTX

I0PEND
IPOLR (NRMX)
IPOL T (NTHX)

ITOFF

KLIMAT

Pade 1-11

1 = Filter deterained from 99X bandwidth constraint
2 = Filter chosen to meet F(C Mask, (FEC-1931l1)
3 = Filters are user specified

JHCON2/ 132 MCOM, INC
Clisate class. Default is 0.

0 NBS TN-101 climate

1 MIL-HDBK-417 climate

2 = Newy user-supplied climate
/BUTPAR/ 1%2 BUTPAR, INC
Receiver filter indicator.

0 = ¥D-918 receiver filter., Alsc seans

filter is a Butterworth cascaded with a
rectandular impulse response filter of
duration eaual to suymbol duration.
(not 2llowed)
AN/TRC-170 receiver filter. Also means
filter is a Butterwarth.
/8UTPAR/ 1%2 BUTPAR.INC
Transaitter filter indicator,

0 = MD-918 transmitter filter., Also means
filter is 3 Butterworth cascaded with 3
rectandylar imprulse response filter of
duration eaual to swwbol duration.

1 = AN/TRC-170 transmaitter filter. Also means
filter is a cascade of Rutterworth filter
with rectandular imrulse response filter
of duration eaual to half swmhol duration.

2 = (not 3llowed)

1
2

nn

/CONTRL/ Ix2 TROCOM, INC

Nuaber of outrut files orened.

/ANTENN/ I%2 TROCOM, INC

Array of receiver antenna rpolarizations.
/ANTENN/ Ix2 TROCOM. INC

Array of transaitter antenns rolarizations.
/PROPAR/ 1%2 TROCOM . INC

Control indicator for entry or calculation of
transait/receive radio horizon andles THET and THER.

Values have followind seanings:
0 = Use input THET» THER a3s reference and

actual horizon (defsult).

1 = Calculate reference horizon using HORANG
and K eauals 1,33, (Assuming OLT and OLR
are non-zero.,) (Ortion not available.)

2 = Calculate reference horizon using HORANG

and K eaguals ERFAC. (Assuming DL.T and DR

are non-zero.,)

Do not chande reference horizons from

previous run, ((Oertion not available,)

/PROPAR/ 1%2 TROCOM ., INC

Climate zone indicator., Default is 0.

3
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0 = User supprlied climate
NBS TN101 climates
Continental tearerate (CT)
Haritine teaperate overland (MTL)
Haritinme temrerate oversea (MTS)
Maritime suybtrorical overland (MSL)
Continental temrerate time block 2 (CT72)
(winter afternoon hours) - forserly
Maritise subtrorical oversea (MSS)

U &GN =
"o Hn nn

6 = Deserts» Sahara (NS)
7 = Eauatorial (EQU)
8 = Continental subtrorircal (CS)

MIL-HDRK-417 climates
9 = Continental temrerate (CT)

10 = Maritime temrerate overland (MTL)
11 = HMaritine temrerate oversea (MTS)
12 = Maritime subtrorical (M$)

13 = Deserty Sahara (DS)

14 = Eauatorial (EQU)

15 = Continental subhtrorical (CS)

16 = Mediterranean (MED)

17 = Polar (POL)

KPROF /PROPAR/ Xe2 TROCOM . INC
Actual number of samples in height profile of
structure constant CN2., Limited to NPROF sasrles.

LIN /LUNS/ 1%2 LUNS . INC
TROPO.DAT input unit nuaber,

L INKNO /I0DATA/ 182 IODATA.INC
Link nusber.,

LISI /HCOM2/ 1%2 HCOM . INC

Nuaber of future Intersuymbol Interference (ISI)
contributors considered in MD-918 perforaance
calculation. Default is 2,

LNANE(20) /I0DATA/ 122 IODATA.INC
Link name, Transmitter site firsty receiver site
second. Used 2s link identifier on outrut files
FORO02.,DAT and SUNPAG.OUT.

MANG /HCOM2/ IR2 MCOM. INC
Number of values of interferer azimuth/elevation rairs
(JANG) for which outade calculations are to be made.

F T

Default is 1. A 4
MLAST /PDATA/ 1%2 PDATA.INC coe
Nuaber of simulator tars, Default is 14,
MODPAT /MCON2/ 1%2 MCOM, INC

Proradation/modes flag to select calculation sode. T;fﬁfffj;
Default is 1. R .

0 = Propagation only -
1 = Proradation ¢+ HD-918 aocdea

2 = Proradation + AN/TRC-170 or IAR moden

J = Prapadation + user-defined aodem

Ce e e R
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ubroutine INDATA

HODSIG /MCONM2/ 122 HCOM. INC
Interference signal modulation format. Default is 1.
0 Analog FDM / FM
1 Digital @PSK RN
MRAD JERAD/ 182 ERAD.INC P
Loor limit for MRAD. Default is 1,
(MRAD is 1 for MOIST = O and MRAD is 3 for MDIST = 1),
NACCU /CONTRL/ 1%2 TROCOM ., INC
Parameter used as truncation point for coamon
voluse intedration termination, Default is 40,
NANG /R12/ 1%2 RI2.INC °
NANG is 1 if there is andle diversity (default).
NCLIME JHCOM2/ 1%2 MCOM.INC
Flad set to 1 if ICLINFE eauals 2,
NERT /MCOM2/ %2 MCOM.INC
BRit error rate threshold indicator for uearluy fade
outade probability calculation. Default is 2, Y
0 = All three thresholds ’

1 = For 10%x(-3) only
2 = For 10%%(-4) only
3 = For 10Xx(-5) only
NEWCL (4) /MCON2/ 1%2 MCOM. INC ..
New climate ture character string, ®
NF IG /MCOMA/ Rx4 MCOM. INC
Receiver noise fidure in dB, Default is 4dB.
NORS /MCOM2/ 1%2 HCOM. INC

Nusber of diffraction obstacles. Maximum is 3
default is 1.

NPM(5) /HCON2/ 1%2 HCOM . INC ®
Array containing nusber of terrain elevation dats
points for calculation of effective antenna heights
for each section of the diffraction rath.

NPOLRX /RUTPAR/ R¥4 BUTPAR., INC

Nuaber of rPoles in the receive Rutterworth filter, -
NPOLTX /BUTPAR/ I1x2 BUTPAR., INC )

Nusber of rpoles in the transait Butterworth filter. '
NR /SYSTRN/ 1%2 TROCOM, INC

Nuaber of receive ports. T
NT /SYSTRN/ 1x2 TROCOM. INC

Numaber of transmit ports. .
NTERR /MCOM2/ 1%2 HCOM. INC N )

Control parametar for entry or calculation of
effective anteuna heights (HTE», HRE) and effective

obstacle heights above averade terrain elevation PR,
(HLEF), L
0 = HTE and HRE suprlied directly ST
1 = AVETX and AVERX suprlied e
2 = HI(.) surplied ;
PHRIV /MCOMA/ R4 MCOM, INC 1

Sauint andle bhetween uprer and lower receiver beams in

» e . P
PRI : Lo
LU S S PRI




NPUT
ubroutine INDATA

PSIRAD (NRMX)

PSIREOQ(NRMNX)

PSITAO(NTMX)

PSITEO(NTMX)

PULSE

PXMIT

RLL

RSEF(3)

SCFARM

SEAN

SP
SPE

SUPRES

TAPOUT

TAPW

TERFAC(D)

Pade 3-14

radians. Default is beaswidth.

/ANTENN/ R¥4 TROCOM, INC
Array of receiver beaa azimuths in radians.
/ANTENN/ RX4 TROCON, INC

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

/ANTENN/ Rx4 TROCOM, INC
Array of transaitter beam a3zimuths in radians.
/ANTENN/ R%x4 TROCOMN . INC

Array of transmitter beam boresidht elevations above
radio horizon in radianss ie» andle at which each
antenna is 2imed relative to the horizon., PSITEO(])
is the mzin transmit antenns.
/RZ/ 12 RZ.INC
Switch controlling Mh-918 pulse share after
transeitter-receiver filtering.,

PULSE 0 Triandle
1 OUPSK matched filter
2 Sinc pulses bandwidth eaual to |
S RF filterind included
>

Set to O if IBW
Set to 5 if IBW

0 or KGAIN > 1.
0 and KGAIN = 1,

/HCOM4/ R¥4 HCOM. INC

Rated transmission rower in dBa. Default is 70dBm.
/SYSTIRN/ Rx4 TROCOM, INC

Receiver line losses in dB, Defsult is 0 dB.
/I10DATA/ Rx4 I0ODAYA, INC

Separation between receive antennas.

/PROPAR/ RX4 TROCOM.INC

Wavenuaber spectrum slore parameter M, Default is
30660

/PROPAR/ RX4 TROCOM, INC

Minisus monthly aedian of refractivity at sea level,
Used to caliculate ERFAC if non-zero.

/HCOM4/ 3 ] MCOM, INC

Service rrobability, Default is .95,

/PRATA/ R¥4 PDATA.INC

Tar srpacind in nanoseconds. Default is 67 nsec.
/I10DATA/ Le4 YODATA.INC

Surress lond outrput in SUMPAG it true.

Set to TRUE if PIYPE > 9,

/PDATA/ Lx4 PDATA. INC

If truey the simulator tar values are output to the
output filer FOROO2,.DAT. Default is TRUE.

/MCOMA/ R4 NCOM. INC

Norm2lized tarwidth for MD-918., Default is ,5S.
Rande is 0,25 through 1.0

/ERAD/ R34 ERAD. INC

.....
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o
The three values of ERFAC when MDIST is 1,

THER /PATHGE/ R¥4 TROCOM. INC _ NI,
Radio horizon elevation angle at receive site in o
radians., ISR

THET /PATHGE/ R%4 TROCOM . INC
Radio horizon elevation 3andle at transait site in ®
radians.

TLL /SYSTRN/ R%¥4 TROCONM. INC
T:ransaitter line losses in diR. Default is 0 dE,

TSEF(D) /10DATA/ R%4 I0DATA.INC
Seraration betueen transmit antennas in meters.

URH(NR) /PATHGE / R¥4 TROCU#M ., INC o
Array of receive antennas horizontal offsets fros
great circle rplane in meters.

URL (NR) /PATHGE/ R¥4 TROCOM ., INC
Array of receive antennas londitudinal offsets in
meters., .

URV(NR) /PATHGE/ Rx4 TROCOM. INC e
Array of receive antennas vertical offsets in meters.

UTH(NT) /PATHGE/ R4 TROCOM . INC
Arrays of transmit antennas horizontal offsets in
neters.,

UTL(NT) /PATHGE/ Rx4 TROCOH . INC P
Array of transait antennas longitudinal offsets in
neters,

UTVI(NT) /PATHGE/ Rx4 TROCONM, INC
Arrav of transait antennas verticsl offsets in meters.,

WAVLEN /SYSTRN/ R%4 TROCOM, INC
Wavelendth in meters, .-

WLY /SYSTRN/ Rx4 TROCOM ., INC 4
Rated transmission rpower in Natts, Default is 1000 W, —

XANG(10) /HCOMA/ R%x4 MCOM. INC
Interferer azimuth 3andles in dedrees., Default is 0.

Y900 /CURVE/ Rk4 CURVE , INC
User supplied value for 90th percentile variability
curve Y0(90) for DE dreater than or eaual 900 ka., i
Used only when ICLINE is 2, Used tn comarute the
eauation for the Y0(90) curve fit.

YMIN /CURVE/ Rx4 CURVE . INC MRS
User surprlied value for 90th sercentile variability T
curve YO(Y0) for DE eaual to BEMIN, Ilised only when “.
ICLIME is 2. Used to comrute the eruation for the
YO0{90) curve fit, i

e
®
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®
3.4 OUTDAT
Subrrodras name! Subroutine OUTDAT
Purrose! Outputs to the outrut files, FUR0O2.DATs Parameters read from ~0

the input file TROPD.DAT 25 well 3s rparameters calculated from these
in INDATAs» UNITS and ANTGEO.

Descrirtion! Most numeric values are printed with decimal points lined ur.
To make foreatting easiers the T format is used to place the decimsal
point in the 57th rosition. The coluan to tab to is 57 ~ the nuaber of Y
inteder rplacesy ier for an [7 format tab to colusn 50! 4 750+17.44.
Therefore the followind formsulas can he used to calculate x!

Inteder Iw or lw.s 57 - w

Floatind roint Fw.s 57 - (w - (nat1)) R
Exronential Ew.n 37 - (w - (atd)) [
Exronential Ew.ate 57 - (w - (ntetd))

where » 1s the value to use wherever Ty will be used.
Callind seauence! -

CALL OUTDAT (CLIMATsASEFy JPOWIRWTsBWRINTO+HRO»HT+HRYPTYPE, )

JEWFJISEP,TRCTYP)
Contained in module! QUTDAT

Called by! INDATA

o
Callst NONE B
Input argusents:
CLIMAT Rx4 Climate zone indicator.
ASEP Kx4 Serparation between receive antennas in meters,
JPOW Rx8 Interference sidnal rower densitu in dke/Hz. )
BWT Rx4 Transait antenna beamwidth in dedrees,
BWR R%¥4 Receive antenna beaswidth in dedrees.
HTO RX4 Transait site elevation above se3 level.
HRO RXx4 Receive site elevation above sea level.
HT R%4 Transmit antenna heidht above dground.
HR Rx4 Receive antenna height above dround. ® J
PTYPE I%2 Variable which indicates whether eroradation o S
nechanisa is pure troroscatter (0 or 10) or mixed : L
troeposcatter-dirfraction (1 or 11), EETSEICNEEN
JBW (31} Interferind sidnal bandwidth in Hz. o
FJSEP R24 Freauency seraration between sidgnal and interferer S R
in Hz. o |
TRCTYP R%4 TRC-170 modem tuyre indicator! ' B

0 = 1 freauency DAR modems
1 = 2 freauency AN/TKC-170 sodea

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

. S
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OQutput arduments:
NONE

Global variables input froam common?

ACALC /10DATA/ L&4 TODATA.INC
TRUE if the angles PSITEO and PSIREQ are calculated
rather than read in.

AR (NRMX) /ANTENN/ Rt4 TROCOM, INC
Arras of receiver antenna diameters in seters. AR(1)
is eauivalent to RDIAM in the input file.

AT(NTHX) /ANTENN/ R¥4 TROCOM.INC
Array of transeitter antenna diaseters in meters.,
AT{(1) is eaquivalent to YDIAN in the ineput file.

AVERX /KCOM4/ Rx4 MCOM . INC
Averade terrain elevation above sea level between
receive site and radio horizons in meters.,

AVETX /HCOM4/ RX4 KON, INC
Averzde terrain elevation above sea level bhetween
transmit site and radio horizons in meters,

BW /SYSTRN/ RX4 TROCOM, INC
Bandwidth in Hertz, Default is 7 MHz.

CHGHR /10DATA/ Lkx4 I0DATALINC
HR set to AR(1) if TRUE.

CHGHRE /I0ODATA/ Lx4 IODPATA.INC
HRE set to HR if TRUE,

CHGHY /I0DATA/ L%4 TIORATAINC
HT set to AT(1) if TRUE.

CHGHTE /10DATA/ L4 I0DATA . INC
HTE set to HT if YRUE.,

CN2 (NFROF) /PROPAR/ R4 TROCOM ., INC

The atmospheric structure constant height profile in
seters to the -2/3 rpower.

] /PATHGE/ R¥4 TROCOM,. INC
Great circle distance between transmitter and receiver
seasured at sea level in meters.

DEG JUNIT/ R%4 I0DATA.INC
String ‘ded ’ for units outsrut,

DELH /PROPAR/ R%4 TROCOM ., INC
Spacind of CN2 samrles in seters,

DEMIN /CURVE/ Rx4 CURVE, INC

User surprlied minim: of the 90th rercentile
variability curves YO(90).

DIVTYP /HCOM2/ 1%2 MCOM.INC
Diversity confiduration indicator. Default is 0.

0 = 2 receive antennasi 2S 25/2F 2S/2A 25/24/2F
1 = 1 receive antennai 2A 2F 2F /24
2 = 2 transait,
2 receive antennasi 25/2P 2S5/2P/2A
J = Not used
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4 = User surprlied Parameters

§ = Space F = Freaquency A = Andle P = Polarization
pL(D) /MCOM4/ R¥4 HCOM. INC

Array containind distance from each obstacle to

transmitter in meters,

DLR /PATHGE/ R¥4 TROCOM, INC
Distance frowm receiver to radio horizon in meters,
M7 /PATHGE/ R¥4 TROCOM., INC
Ristance from transaitter to radio horizon in meters,
DRATE /NCON4/ R¥4 MCOM, INC
Data rate in bits/second. Default is 6.4L6.
DS(3) /HCOK4/ R¥4 MCUON, INC
Arraw of effective ohstacle extents along the great
circle path in meters.
ELANG(10) /MCOM4/ R¥4 MCOM.INC
Interferer elevation andles in dedrees. Default is 0.
ERFAC /PROPAR/ Rx4 TROCOHM, INC
Yearls median value of effertive earth radius factor k
in kilometers, Default is 1.,33.
ERK /CONTROL/ RY4 TROCOM, INC
Common volume integration resolution., Refault is .001,
F /SYSTRN/ k¥4 TROCOM ., INC
Orerating freouency in Hz, Model is accurate hetween
100MHz and 10GHz.
FT JUNIT/ RX4 10DATA,INC
Strind ‘Pt ‘ for units outeut.
GHZ JUNITY/ R%4 IODATA, INC
String ‘GHz ' for units outrut,
HI(155) /MCOM4/ R%4 NCOM, INC

Array containing NPM(1) evenluy-sraced terrain
elevation data (in meters) between transaitter and
first obstacle followed by NPM(2) evenlu-sraced
terrain elevation data between first and second
obstacles etc,» endind with NPM(NOBS+1) evenly-sraced
terrain elevation data between last obstacle and
receive site, The data should be selected such that!
HI(1) = Terrain elevation above sez level at
transeit site (HT0).
HI(NFM(I)) = HI (NPMN(I)41) = Elevation of Ith
obstacle above ses leval (HL(I)).
HI(NFM(NORS+1)) = Terrain elevation above sea
level at receive site (HRO).,
In MDTSy Ml is used as work space. 1t is eauivalenced
to local arraus,

HL(D) /MCOMA/ RX4 HWCOM, INC R
Array containing elevation of each obstacle above ses IR
level in meters, HL(1) is elevation of transamitter ®
radio horizon HLT, HL(NOBS) is elevation of receiver ‘ 1
radioc horizon HLR,

HLAV(3) /MCOM4/ R¥4 MCOM . INC

DR
PRI RN SR
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CHAPTER 4

ERROR UTILITIES

This section descrihes the dats checking and error handling routines!

User’s Manuzl
Naame Descrirtion section
CHKDAT Check data S s b e e e e s e s 2.2
ERROR Error messade outrut . v + « + 2,3y 3.4.,3
SURID Subprodrams outrut tdentifier . NA

CHKDAT is only a preliminary data checkind routine, Hore testind is done
throughout TROFOs FERROR being called when a warning is to he printed or when 3
fatal error has heen found., ERRDR writes oth to the wuser’s tersinal and the
error outrut file FOR00O2,.DAYT, units LTERM and LERR, FORO002.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
equations as well as the theory behind them, NA denotes routines thsat
are prodrammping utilities such as findind indicesy settind Pointers,
etc,
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3.7 UNITS

Subpradram nase! Subrovtine UNITS

Purpose! Deternine combination of measurement uynits reauested by the
user., UNITS sets LUNITS to a uniaue number for the coabination of
distance (statute miless, nautical milesy kilometers), height/diasmeter
(feets meters)s andgle (dedreesy milliradians)s and freauency
(Gigahertz, Medahertz). LUNITS is used in suybroutines OUTDAT and
SUMPAG to outrut data in the user’s units and in UNITCV to convert
back and forth to MKS units.

Celling seauence!
CALL UNITS
Contained in module! UNITS
Called bu! INDATA

Calls? ERRIO

Input arduments:

NONE
Qutput arduments?
NONE
Glabal variables input from coamon!

DEG JUNLT/ R%4 TORATALINC
Strind ‘ded ‘ for units output.

FT JUNIT/ R34 I0DATA.INC
String ‘ft ’ for units outrut.

GHZ JUNIT/ R%4 I0DATA.INC
String ‘GHz ‘ for units outeput.

KM JUNIT/ Rx4 I0DAYA.INC
String ‘km  ’ for units outrput,

LERR /LUNS/ 1%2 LUNS,INC
Error outrut unit.

MET JUNIT/ R4 I0ODATA.INC
Strind ‘met ‘ for units outrput,

MHZ JUNIT/ R4 I0DATA.INC
String ‘MHz ‘ for units outrut.

MRANNS JUNIT/ R%4 TODATA.INC
String ‘mrad’ for units outrut.,

NMI /UNITY/ R¥4 TODATALINC
Strind ‘neai ‘' for units outrut.

SHMI /UNIT/ R&4 IODATA.INC
String ‘smi ’ for units outeut.

Global variables output to cosmson?
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®
antenna is aimed relative to the horizon. PSIREO(1)
is the sain receive antenns.

PSITAO(NTHX) /ANTENN/ R%4 TROCOM ., INC
Array of transaitter beam 3zimuths in radians,

PSITEO(NTMX) /ANTENN/ R%4 TROCOM, INC
Array of transaitter beaa boresidht elevations above . ®
radio horizon in radiansy ier andle at which each
antenna is 2imed relative to the horizon. PSITEO(1)
is the main transeit antenna.

THER /PATHGE/ Re4 TROCONM. INC
Radio horizon elevation angle 3t receive site in
radians. ®

THET /PATHGE/ R%4 TROCOM . INC
Radio horizon elevation andle at transmit site in
radians,

THETAO /PATHGE/ RX4 TROCOM . INC
Scattering 2ndle at bottom of common volume in
radians. L

URH(NR) /PATHGE/ R¥4 TROCONM, INC
Array of receive antennas horizontal offsets from
dreat circle plane in meters.,

URL (NR) /PATHGE/ R4 TROCONM . INC .
Arrav of receive antennas londitudinal offsets in .
seters. ®

URV(NR) /PATHGE/ Rx4 TROCOM, INC ‘
Array of receive antennas vertical offsets in meters.

UTH(NT) /PATHGE/ R¥4 TROCOM. INC
Array of transeit antennas horizontal offsets in Sl
meters, LD

UTL(NT) /PATHGE/ Rx4 TROCOM. INC L J
Array of transait antennas londitudinal offsets in
meters.,

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

Y1 /PATHGE/ Re4 TROCOM . INC
Maximum estimated intedration length in Y-direction. . e
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HI(NPM(NOBS+1)) = Terrain elevation ahove sesa
level at receive site (HRO),
In MDTSs HI is used as work srace. Jt is eauivalenced
to locsl arrayvs. LT
HL(3) /MCONA/ Rx4 HCOM. INC -
Array containing elevation of each obstacle above sea ®
level in meters., HL(1) is elevation of transaitter
radio harizon HLT. HL{NOBS) is elevation of receiver
radio horizon HLR.
HLAV(3) /HCONA/ R¥4 MCOM. INC
Array containing averase terrain elevation at each
diffraction roi