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ABSTRACT

This volume supplements Volume I of the SRI final report
"Combined Reccinaissance, Surveillance, and SIGINT Model (CRESS)"
by providing a detailed description of the model, explicit instruc-
tions for using it, formats for the data, and some of the required
data. The description includes models for photographic, IR, radar,
visuai, TV, PNVD, laser, and SIGINT sensors. These sensor models
provide the core for the three major models {aerial, ground, and
SIGINT) that constitutc CRESS.

Methods of providing for the effects of navigation error,
aircraft attrition caused by enemy ground AA weapons, attrition
of ground observation posts, equipment failure, terrain masking,

cloud coverage, vegetation coverage, camcufiage, misrecognition

and misidentification of target elements, false targets, mrultisensor

interpretation, various reporc criteria, delay times for reports,
and time-ordering of reporis and of grouping elements into possible
area targets are also described. Instructions for collecting,
collaiing, and processing of the data necesgary for running the
computer programs are in. .uded, as are instiuctions for analyzing

the computer ocutput.
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GLOSBARY

Target Any collecticn of objects the are to be
processed together, usually a designated
military umnit -4ch as a tank platoon or
g rifle company

Target Element Type Any one of the type of things of which a
(Target Object Type) te~get is composed (e.g., T-GZ2 tank,
105-mm Howitzer, radic set R104).

Detection Target element detection is the determina-
tion of the preserce of a nonnatural ob-
je~t and the estimaticn of its general
characteristics (e.g., linear target,
medium land object, FM vuice signnl at
38,00 MHz). Detection can be accomplished
by the sensor operator o> by an offiine
analyst who searches through the raw data
(image interpretier).

Recognition Target element recognition is the determi-
nation of the sresence of an object with
a sufficient level of detail to enable the
object to be classified as belonging to a
group of similar object types {e.g., smal]
animal, wheeled vehicle, tracked vehicle},

Iventification {1) Target element identifi .tion
is the de: ‘rmination of the pres:ace of
an object with a sufficient level of
detail to enable the object tsv be clar~si-
fied by type (e.g., man, 2-1/2 t- truck,
T-62 tank, radio set Ki04),

(2) Target identification is the
identification of a target through the
identification of a characteristic set of
elements of the target.

xiii




Hea.ability

SIGINT

The ability of an electromagnetic
emitter to produce a signal at a speci-
fied remote location that is sufficiently
greater than the backgrcund ncise to be
detectable.

A generic term including the technical
and intelligence infcrmation derived

rom fcreign communications by other
than the intended recipients (COMINT),
or from foreign noncommunications electro-
magnetic radiations cmanating from other
than nuclear detonation or radioactive
sources (ELINT).
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Conventions for forms to be filled in for keypunching

! 1. The first row will have one of the three entries A, I, or R
for each column of information
A denotes alphanumeric information. Er‘ries
must be left-justified.

1 denutes an integer type number, Entries
must be right-justified. Blank entries
are converted to 0 by the computer

R denotes a real type number. Eniriee must
contain & decimal point and should be
right-justified. Blank entries are con-
verted to 0.0 by the computer.
2. The second row will contain the rightmost card column for
each form column of numeric information. 1t will contain the

leftmost card column for each form column cof alphanumeric

information (/ irdicates the start of a new card),

The third row will contain the headings for the form columns

W

of infermation.
.. At leazst one sample nf realistic entries will be furnished.

5. The FORTRAN format will be given at the bettom of the form.

See Fig., 22 as an example of thsue conventions.
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I INTRODUCTION .

This volume presents detailed discussions of CRESS and each
of its three major submodels: CRESS-A for airborne collateral
sensor systems; CRESS-G for ground baseu collateral sensor systems,;
and CRESS-S for SIGINT collection systems,

To use CRESS, or any one of its submodels, requires strict
compliénce with the directions given for data preparation. Al-
though it is theoretically possible to use CRESS by simplv following
the directions for use, in practice it will Le necessary tc become
familiar with the capabilities and limitations of CRESS by reading
both this volume which contains detailed descriptions of the models
and the <irecticns for their use, and Volume I of this report which
contrins sgme supplementary information in its summary description
~t CRESS.

In addition to the descriptions of CRESS and each of its
submodels, Section II contains instruciions and examples for each
type of reguired input data, and samples,* with explanations of
each typc ¢f computer oﬁtput. Section III cnontains instructions
for organizing the data for computer procersing, and discusces
the analysis of the simulated reconnaissance and surveillance data
contained in the computer output. Appendix A contains the char~-

acteristics required by CRESS for a large number of target elements

Pl ST

* Section II indicates which data are well documented and which

are produced by the best judgement of a few analysts at SRI. The
typical values given in the samples for this latter type of data
should be guesticned by the user and replaced by values derived from
other studies or from the user's best judgement, if necessary.
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and beckgrounds. Appendix B contains detailed flow charts for
ezch of the types of collateral sensors modeled in CRESS=-A and
CRESS~G. Appendix C presents the propagation equations used
in CRESS-R.




A, General

CRESE 18 a manual/computer model designed to simulate the
operational use and data output of reconnaissance and surveil-
lance (R&S) systems built around collections of sensors selec-
ted from the types listed in Table 1,
are modular in nature and many of the subuwodels can he used or
bypassed at the option of the user,
requires a large scale digital computer with a random access
disk unit and knowledge of intelligence and tactical use of
airborne, ground, and SIGINT sensors,
computer programs (aerial, ground, and SIGINT) that direct the
computer to do all of the mathematical calculations, most of
the bookkeeping, und the printing of the sensor systems output

data, users must provide the scenario development, collectica

IT CRESS DESCRIPTION

The computer programs

Use of the entire model

While there are three

plan, weather parameters, target and sensor deployment, the ,ﬁ

criteria for making reports of sightings, and the intelligence

analysis of the reported sensor~generated data.

The sequence of participation by men and the computer is
men-computer~men-computer~men,
will be used in support of studies that require a scenario for
other purposes than R&S (e.g., war ga.cs, feasibility and tacti-
cu® concepts studies,
comparative tactical systems =ztudies).

of the computer wudels in CRESS should be understood before the

It is anticipated that CRESS

The data requiremecnts

i kg e s e
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scenario is developed so that the work entailed in developing

the scenario will only have to be done and considered once for

both CRESS and for whatever other purpose the study is being

generated,
Table 1
SENSCR TYPES
Aerial Ground SIGINT
Cameras IR .1 to 60 MHz

Vertical frame
Side oblique
Forward oblique
Panoramic

Infrared line scanners
Radars

NTI
Mapping
MTI and mapping

Visuals

Eye
Bincoculars

Lass. line scanners

Low light level tele-
visions

Ground surveillance
radars

Passive night vision
devices

Visuals

Eye
Bineculars

Laser line scanners

IR binoculars

Line of sight,
near shadow

.1 to 60 MHz
Transition shadow
.1 to 60 My
Far shadow
3 to 30 MHz
Skywave
60 to 40,090 MHz

Microwav .




Typical R& S efforts undertaken by a Motorized Rifle
Division were used as guidelines in determinring éﬁe ajze of
the problems that can be considered by CRESS, However, this
divic on-size effort serves only as a guideline, and the actual
size of the R& S problem to be simulated is limited by the
amount of effort that can bu put iunto the problem by men and
by the size of the computer and the arrays that have been de-
fined for the computer, The limiting sizes of the arrays are

stated in Table 2,

Although the data produced by the sensors reflect the
targets as they were at one point in time, it is possible to
move the targets as often as the user wishes as long as the
total number of targc*c and movements does not exceed 750,

The time interval that a target remains in one position is

specified by its beginning and ending clock time. Since the
initial and final valid times must be given for each target,
each target may be moved at a time specified by the scenario fi
vriter, or all the targets can be moved at tlhe same time if ’ ;f
desired, The aerial sensors can be flown at any time as spe-
cified by the flight plaaner, and the flight pach will be simu-
lated in time as it would be flown in real 1ife, The duty
times for each ground observ.tion post (Or) may alsc be spe-
cified for any “ime interval. Thus, CRESS can simulate the
movement of both targets and sensors whenever this movement

is scheduled at the outset,




Table 2
MAXIMUM COMPUTER ARRAY SIZES
Descriptor Upper Limit
Grid areas on map 45/
i Target groups 40
Targets 750
Target movements 7492/
Object types 100
Object types in one target ' 19
Object types capable of anti-aircrait fire 30
Recognition classes 40
Detection classes 10
‘ Veather types 4
? i Background types 25
§> ; Aerial navigation systems 10
§ Special objects (reports) 10
Aircraft types ! 15

a/ The map grids used must he cortained in a square formed by
four contiguous grid areas. Eﬁ“{

E/ Each time a target moves, it i~ counted as another target.

The total number of targets must be less than or equal to
750,

e st e -




Tuble 2 (Continued)

MAXIMUM COMPUTER ARRAY S1ZES

Descriptor

Upper Limit

Aerial =ensors

Sensors of one type (except visual)
Visual

Sensors\aboard one aircraft
Targets overflown -
Targets considered by OPSE/
Ground sensors
Sensors of one type
Sersors in one observation post (OP)
OPSE/
Communication link types
SIGINT collection sites

Sensors per collection site

Emitters

40

10

5¢

4096

io

A target is counted each time a reconnaissance sircraft

covers it with any of its sensors.

A target is cowait ! again for each OP that covers it.

This includes ground patrols,
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In addition to computer programs for the mathematical
sodels of each of the sensor types listed in Tablé 1, computer
s1bmodels are alsc provided for each of the items in iable 3.
Maay of theae items may be bypassed by the selection of appro-
priate options if the user is not interested in tha effect
caused by them.

A good way to explsin how CRESS might be used is by an
anslogy with the gaie of chess. To play chess, onc must learn
the six aifferent trpes of pieces used, the types of moves that
each Lype of piece can make, the constraints placed un the
movement by the size and shape of the buard, the starting
points for each of the pieces, and the object of the game, Ti.°
interesting situation; that can be developed in chess are
limited only by the ingenuity of the players in using their

resources,

To use CRESS tc¢ full advantage, one must learn what each
of the resources ir that can be used, the rules for using each
resource, an. the constrairts on using each resource. Then,
a8 ip chess, any situation that «¢an be developed is allowed if
it does not break the ruies or go outside the ~onstraints. The
resour- 2s that cne can exploit when » ..g CRESS include the
ter .« of men that deploy the targets, the men who deploy the
sensors, the men who do the intelligence analysis based on the
simulzted reconnaissance systems outputs, and the computer
models of the items listed in Tables 1 and 3. (The constraints,

or size of the board, are spacified in Table 2.)




Table 3

COMPUTER PLAYED ITEMS

@ Shadows e Amount of imagery taken
e Decision to make report © Timeliness of reports
e Assigning stances to men @ Real time fligut
e Camouflage e Sensors on and off
Nets ® Terrain masking
Natural

@ Vegetation masking

e Effects t
c of weather e Cloud masking

® Position location error
© Misrecognition, migidentifica-

o Failures tion .

ircraft ® False targets
Navigation systems
Communication links
Sensors ¢ Cumulative looks by g ound
sensors

® Multisensor enhancement

¢ Atcrition
o Grouping of target element.

Aircraft
near each other

op

® Reconnaissance by firin
e Flight path geometry y &

e Output
e Selection of targets covered p

Control copy
Time~ordered Intelligence
Co vy !

e bSelection of AA sites within
range
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For two chess playcrs of approximately equal ability to
play a fair and interestinrg game of chess, it is hecssaary that
they have a chessbeard and all the pieces and that iniiialiy
all the pieces start out in their correct (or agrezd on)
starting positions. Similarly, in using CRESS for any specified
use, 1t is important that all the necessary resources be present
and thet all the initially needed dats be generated and correctly
stored according to the appropria’e formats, This initiali-a-
tion process* is performed by the tcenario developers and the

mer "o deploy the sensore and specify how they are to be used,

The cellected and coullated date are then fed to the com-
puter. The comptier’'s job is to . all the necessary calcula-
tions and piinting to display tne performunce of the sensors
against the individual objiects in accordance with the options

gselected.

Fext the inteolligence team must analyze the compucer-
simyiated reccunaissance/surveilisnce inpuat data, determine
which data sre sufficient to snswer specific ~~eds; and detr--
wine wheiher mo.e Jat2 should be generated to meet other intel-

sigencs noeds, If mere data are needed *0 meet intelligence

reeds, the tcam can elect to search in the desired area with

an er.anced probability of detaction by deploying its scnsors

in that ares and feeding the information %o the computer to he

The detalled _.astructicus for collecting and collating the
necegsary data are in Section Ii.., of this handbook.

10
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processed again with the option se¢lected for enhanced probability
of detection, This second play by the computer ia fairly sim-
ple to set up since only data for the changed deplcyment of
sensors need to be generated., When the results of the directed
search are printed out by the computer, the inteiligence teanm
again makes its assessment of the situation; this process is
coatinued for as many times as desired. Note that rerunning
the sensors in a directed search with an enhanced probability
of detection could be eguivalent to re-examining the imagery

of the first take of the sensorz so that it can be a simulation
of this re-examination and not ain actual redeployment of the

sensors,

11
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B. The Aerial Model, CRBS8S-A

1. Might Procsssing

In a typica)l exercise of CRESS-A, flight planners will
-ch.dule‘a seriss of flights over arear of 1ptexu-t. Each flight
covers oR® ¢~ MOrs reconnaissance and surveillance (RS) areas.
Rach RS area ia tu;™ contains from one to ten parallel =znd
equidistant flighi legs (see Fig. 1). Sensors are considered to
be turned on only while flying these legs, during which the plat-
form is flying straight and level.

o~

Figure 2 is a simple flow chart showing the order in which
the various parts of CRESS-A are processed in the computer phase
of the simulation. An overview of the model is given below, fol-
lowed by a more detailed discussion of each of the major el¢ments
except input and output, which are discussed in Section II.F. A
the end of each discussion is a list of the computer subroutinesg
that are related to the items discussed. Figure 3 shows how the

subroutines are linked together.

The computer calculates the actual flight path, taking into
account position errors caused by navigation inaccuracies. Then,
on sach leg of an RS area, zach target in the vicinity is examined
to determine if it is within the swath covered by any sensor on
bhoard the piatform. If a target is covered by a sensor, its
image 18 considered to be taken a% the moment of closest approach

on that leg.

The flight time to each target is then calculated, and the
targets covered are ordeced with respect tc time, so that they
will be processed in the appropriate overflight order. If an
aircraft has a side-looking sensor and a vertical senscr aboard,

it is possible that the target will be processed twice, once

12
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o — AEAD 1N QANC DATA ]
. -l AEAD DATA FOR A FLIGHT 1
> _ READ DATA FOR AN RS AREA ]

[ FOR SACH LEG IN W8 AREA, DO THROUGH L |

PROCESS TARGETS WITHIN RANGE OF PLATFORM

FAILURES OR ATTRITION
ALONG

> YES
LEG OR IN TURNS? K)

|

ACCOUNT FOR EFFECTS
OF FAILURES/A "TRITION

bl FOR EACH TARGET ALONG LEG, DO THROUGH L

[ ___DETERMINE LINE-OF SIGHT FON EACH SENSOR |

' [“' FACH SENION AND n% SVETCM OF SENSORS |
LOOKS AT EACH TARGET IN_LINE-OF-SIGHT

{ JENERATE FALSE TARGETS FOR RS AREA |

ARE THERE MORE RS

PRINT CONT! AND TARGET
AGGREGATION INFORMATION FOR TURRENT FLIGHT

ARE THERE MORE FLIGHTS

VES- ~S——_ TO 8 FLoww?

\r/

NO
1 TIME QRDEA ALL REPORTS 1
PRINT INTELLIGENCE WEPORY ']

FOR COMBINED FLIGHTS H

Fig. 2 CRESS-A FLOW CHART
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MAIN

* RDYDSX
* SCENIN

* FLTIN

* RSIN

*FLYRS

* ENDFLT

*NTLGNT

RDTGTV - GRDLOC

T
]
=

' .

ORDER

AVERR
LOCOOR

- CLKTIM

-~ RUNTIM
RUNTIM
CKACK

- fcLoBAL

FCOR

CLKTIM
-'DKODE

GLOBAL

~BFLTSTR - RUNTIM
RYTAL -§CLKTINM
RPTTYM

RPTTOC

ALFCOR

CEPSNS

AREA -iKORDER
AREAOP

CEPSNS
CLKTIM
BLDARY
ALFCOR

NRTIAL -
DOPLER —
DR -

HYPE
DF
RNGNG
MAPMCH

RUNTIN

f\r

CLKTIM

AT FCOR

CEPSIG

CEPSIG
CEPS1G
CALCSG

GLOBAL
CLCERR

CuITPM
BKGRD
OBJSET
SEGMNT
VFCAM
SOCAM
FOCAM
PANCAM
IR -
RADAR
VISUAL -—
LASER
TV

-4 CEPSIG
CALSIG

~ SEGMNT
SENSP - PHCAIC
SIMPS -gBPBLAM
PTLAM

VSCAIC

DETECT - luxsasc

MULTI -
RPTDEC - '
GLOBAL

ALFCOR
TFSTOR -

MISID
SEGMNT
HYPGEO - SEGMNT
SIGHTS
SPCOBJ

GLOBAL

Fig. 3 CRESS-A SUBROUTINE LINKAGE
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s when the target is overflown by the aircraft for the vertical
instrument and once on the next leg, possibly when the side-
looking sensor -~ould sense it even though the taréet is then out-
side the maximum range of the vertical sensor.

As each target in an RS area is overflown, it is examined
for antiaircraft capability. If it has such capability, a simple
AA model determines if the platform is destroyed or is allowed to
continue its mission. This AA model is also played as the platform
makes turns between legs of an RS area.

The time at whicn each on-board item (platform, navigation
system, sensors, and links) will fail is calculated by Monte
Cerlo processes at the beginning of the prbgram. These times are
then ranked and stored in order of occurrence. At the end of

each leg, these fail times are compared to see if any failures

have occurred. 1f so, the effect of the failure is considered; a
gensor is not permitted to detect targets after it fails, communi-
cation links do not transmit data after they fail, anu a flight is
; aborted after the failure of the platform .r navigaticn system.

| ' All failures, including those caused by A, are considered in

order of their calculated occurrence.

Each target is processed in the following manner: the target/
background charactexristics are ,et and the slant range is calcu-
lated. Then, in turn, each object type within the target is con-
gsidered. The object characteristics are gset, and then, in turn,
each sensur on boara the aircraft is considered. lue sensor
parameters are set, and using the appropriate sensor model, the
probabiliti.s of detection, recognition, and identification are
calculated for that particular object. No matter how many objects
of that type are present in the target, ticy will all have the

same probabilities of detection, recognition, and identification,

16




Kowever, each object is considered individually, in that a random
nui.>r is drawn for each object to determine whether it is detect-~
ed. If so, another random num.cr is drawn to determine recognition,
and if recognition is indicated, a third random number is drawn to
determine identification. Additional random numbers are drawn to
determine * “2ther recognitions and identifications are made cor-
rectly. If .here are bcotween 30 and 150 objects of the same type
within a targe. they are considered rfive at a time. For between
150 and 300, they ure determined 10 at a time, and above 300, they
are determined 20 at a time. After the individual sensors have
looked at an object, the performance of the system of combined

sensors is determined.

A target is considered detected for report purpnses if any
sengor sig.ts enough objects at a sufiicient level of detail to sat-
isfy the report criterion. If the target is detec.ed, the time of
delivery of the informati-n to the ‘..eljligence _.enter is calcu-
lated. After processing the targets contained in each RS area,
the number of false targets to be included in that area is deter-

mined, and the false targets are generated.

At the end of each flight, the Control Copy for that flight
is printed out, as is t*e target aggregation informatiocn for that

flight.

Al the end of the last flight, all of the target reports
are ordered in terms of their arrival times to the intelligence

team, and the Intelligence Copy is printed out in that order,

The remainder of Sec. II.B. is devoted to the discussion of
the primary topics (except targe* location accuracy) modeled in
CRESS-A. At the conclusion of the discussion for each topic a
reference is made to the subroutines listed in Fig. 3 that are

germane to that particular topic. The lengthy mathematical

17
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presentation of the routines Zor computing location accuracies iz
writien as Stanford Research Institute's Technical Note CuD-TN
3305-15, "The Covariance of Poaition Location.”

2., Attrition

Not every reconnaissance mission is successfully completed.
Sometimes the observation platform is destroyed by enemy sction,
while on other occasions some critical component msy fail, causing

partial or complete failure of the mission,

CRESS-A provides for the simulation of failures of four
types of items: the platform itself, the navigation system, the
sensors, and ‘he data links., The user is iequired to furnish the
mean-time-between-failures (MTBF) for each platform, navigation
syetem, sensor, and data link that is available in the scenario. A

time to next failure (TNF) is calculated from each MTBF as follows.

It is assumed that each failure mechanism fits a Poisson
distribution. That is, the expected TNF is independent of the
point from which time is beirg measured.

The Poisson distribution is given by p(a,t) = Aeﬂkt, where
t = time and A = 1/u, where p = the MIBF. It is more convenient
to work with the cumilative representation where

t
r0,t) = [ e Mix =1 - et
0

This is the probabkility that a failuic occur. by time t, given A.

C... given X\ ar”? a random number n, 0 < n <1, the TNF. T, is given

-~
implicitly by u=1 ~ e T. From which we get,

[
i

S
A g 1-n

w log(1/(1-n})

+3
[t
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In considering the poasibility of platform loss because of

enemy action, each target is assumed to have a certain propensity

to fire on any reconnaissance aircraft flying within range. For
each target in the scenario, the user must provide the probability
that the target will fire at any platform within range, (a) given
that the pla:.form first fires upon the target, and (b) given

that the platform does not fire on the target.

As each target 1is encountered, the slant range distance
between the platform and the *arget is compared with the maximum
firing range of the target. If the platform is within the range
of the target, the response of the target ls ascertained (does
it fire?) by drawing a random number and comparing it against the
appropriate probability of target response. Probability (a) above
is used when the reconnaissance mission is emplioying reconnais-
sance by fire at the time of target encounter. Probability (b)

is used in all other cases.

If the target fires on the platform, each elemen:c in the tar-
get capable of AA fire gets one single-pass opportunity to destroy
the platform. The outcome of that one opportuaity is dependent
on the firing range of the particular objecu. firing and the proba-
biliiy t»at that type of weapon will destioy the type of platform

being fiown.

All failures are noted by messages that appear to have ori-
ginated at the time of failure. These messages are then prinied

out on the i.telligence Copy at the appropriate time,

Pertinent subroutines are FAILTM, ACKACK, TURNAA, ATRI™
and FAILMS.

19
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3. Reconnaissance by Fire

CRESS-A provides for the utilization of reconnaissance by
fire (RBF). 1In this case, the user specifies that RBF is one of
the sensors to be placed on the platform and then indicates for
each RS area of the flight whether RBF is to be used in that area.

When used, it is assumed that the platform brings under fire
& swath as wide as the firing range of the platform. Each target
responds according to its probability of firing at a platfomm,
given that it (the target) is first fired on by the platform. If
the random number draw indicates return fire from the target,

it is reported as detected.

Pertinent subroutines are ACKACK and TURNAA.

4. Target Masking

Four causes of target masking are considered in CRESS-A:
terrain masking, cloud masking, vegetation masking, and camouflage
nets. While all sensors are piocked by terrain masking, radar
sensors cun penetrate clouds, IR sensors can partially penetrate
vegetation masking, and both IR and radar sensors can penetrate
camouflage nets. The basic masking rarameters are determined on
a target-by-target basis and IR and —-adar sensors are allowed to

penetrate that masking as appropriate.

Random numbers are drawn before any sensor processing to
determine the numbers of objects that will be in line of sight for
sensors ‘n each spectrum. Only *hr<e objects having line of sigiht

for the particular type of sensor will be processed for that sesnsur.

If the line of sight probabilities were includea in each of
the sensor-generated probabilities an? then random numbers drawn
to u.termine the number «f objects seen by each of the sensors (as

many reconnaissanc- models do), it would be vossibl- “»r one
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sensor to sight many cbjects of a target becsuse of a lucky random
number draw while another sensor of about the same capability and -
on the same aircraft sighted only a few. 1If this happens when
the probability of line of sight is low, an inaccurate simulation .
of the aircraft reconnaissance system resuits for that target.

This circumstance is avoided in CRESS.
5. Personnel

As each target is processed for possible sighting. it is
necessary to know how many of each object type are included 1in :f

each target. Part of this informatior is prepared befc ‘ehand and

is read from data cards. However, data for personnel and camou- '{~

flage nets need fu—ther consideration.

The number of personnel in each target is read from data
cards, but cthere is no indication as to what these men are doing--
are they standing, in foxholes, riding in vehicles or other? To
allocate personnel correctly to various physical stances, rc¢fer-
ence is made to a table called MENARY (see Seccion II.D)., This
array indicates the percentage of personnel in each of five
stances (standing, prone, slit trench, foxholes, or vehicles) for
cach of 16 postures (e.g.. hasty retreat. prepared position, fc. -
ward march). Each target is identified as to its posture, and the

perc~nnel are divided into the apprcpriate categor.-s.

MENARY also indicates what percert-—e of the personnel in '%

each stance are under camoufla,:¢ nets, and an entry in the user %
£

prepared target variable array (TARVAR) i. 1icates the same for the ~§
equipment in each target. From this infrrma ion, the num' 2r of o
o

camcuflage nets of vairious r~izes is determined for each target. ﬂé
E

The pertinent subrovtine is TAROBJ. A

B
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6. Shsdowa

The presence or ahsence of shedows can affect the probability
of detecting an object by sensors that use itne visual range
(cameran, eyes, and binoculars). CRESY-A recognizes the possi-
bility that it may be en object's shadow, rather than the object
itself, that is detected. The length of the shadow may be thought

of as having a north-scuth cosrponent an~d an east-west component.

the north-south component will vary saccording to the time of
year and the latitude of th® object. However, it is not a func-
tion of the time of day. For example,if <ne has a wall running
in an east-west direction, the shadow iine cast by the top of the
wall remains the same distance from the wall all dav long. That
di-tance will of course be different on diff-rent days oi the
year and at different places on the globe. The program requires
the day of the year and the latitude of the center of the scenario

to calculate the approximate aorth-socuth comgpinent of the shadow,

The east-west component 57 the shadow depends on the time of
day or the deviation of the sun from a noon position. The devia-
tion at a given hour will not be the same for every place on earth
every day of the year. Howvaver, ii the number of minutes of day-
time for a given place on a given day are known and if the time
of .y 11 ¢xpresscd as the number of minutes before or after
nogon, the deviation of the sun fror g noon position {and thus the
east-west component of the siadar) cun oe czliculated. Only the
number i1 minutes or daytime mus¢ be given. The computer calsou-
lates the nunmber of minutes from noon aftzr it calculates the time

of th» tarcet sightiug.

1f *he calculated shadow length is over five - imes the height
of the objiect, the shadov is ignoved aad deti-ction 1s calculated

on the basgis o the cbject alone It ig felt that if the shadow
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is over five times the length of the object that shadows of
natural objects will make datection uf the target cbject's shadow
unlikely.

Per..nent subroutines are SHADOW, CLCMYN, and SENEP,

7. Incorrect Target Reports

In discussing the "senscor' performance represented in this
mndel, what is really being discussed is the procczz of lcoking
at an area by a sensor znd interpre .ing the results of those
looks, thus including the role of a human interpreter. The fol-~-
lowing are possibilities:

a. Sensor-interpreter correctly detects presence

of target object; interpreter correctly
identifies object.

b. Object correctly detected, but incorrectly
identified.

c. Sensor-interpreter fails to detect presence
of cbject.

d. No object presa.’, interpretar assigns
object type to false target.

e. No target p.gsent, no report made by
interpreter.
Cases a2, ¢, and ¢ are those usually covered in 2 reconnais-
zance model. This model also includes case b, referred to as the
misidentification possibility, &nd case d, referred to as the

false target possibility,

Actually, this model considers two aspacts of case D: mis-
identificatioa and misrecognition. MNMisdetection was not included
on the reasoning that the likellihcod of such a gross error would
he reduced greatly by the contexit of the target location and that
un. ertainty at fLJt low o level of discrimination would often be

icilected in the failure of the interpreter to issue any report
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at all, 7This was a subjective judgment on the part of the analy:is
tcam and one that might be changed by further research on the per-
formance of inuge interpreters.

Since, for example, it is unlikely tnat a truck would be
misiden.'fied as an airplane, but might be misidentified as an
APC, misidentifications are aliowed only between objects of the
same ecognition group. Simiiarly, misrecognitions are allowed

only between objects of the same detection class.

A possible grouping of objects into recoganition and detection
groups is shown for those objects having their characteristics

catalogued in Appendix A.

The probability of misidentifying or misrecognizing an ouject
was obtained as follows. First, an SRI staff member experienced

in image interpretation was presented the following problem.

Suppose that you have correctly detected an object
(which is really a T-62 tank). There are three
possibilities open to you: (a) you may correctly
recognize the object, (b) you may incori:zily recog-
nize the object, or (c) you may say you have only
detected it and not assign it to a recognition class.
Given "average' conditions and giver that there is

a .5 probability for possibility (a) (i.e., correct
recognition), what probability would you assign to
posailility (b) (i.e,, misrecognition)? Remember,
the probabilities assigned to possihilities (a),
{(b), and (c) must sum to 1.0,

His answer, say .2, was taken as the average probability of
misrecognizing a T-62 tank in all likely backgruund settings. The
same type of question was asked for the identification level,
where it was now given that the object {really a T-62 tank) was
correctly recognized and the probability for correct identifica-~-
tion was fixed at .5. His answer, say .3, was taken as the average

probability of misidentifying a T-62 tank.
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These same two questions were asked for each type of object
in the object characteristics list, and the results were entered

on data cards and in Appendix A of the User's Handbook.

It would seem reasonable that the number of items misrecog-
nized and misidentified would depend on he viewing conditions,
the Alstance of the object frum the sensor, and sc forth., There-
fore, the average probability of misrecognition is used as the
basis for simulating an actual probabiiity of misrecognition that

varies from target to target.

The mathematical model for each of the sensors calculates
a "performance number' representing the consequences of the physics
entaiied in considering geometry, environment, and object and sensor
characteristics. This performance number is eniered into an
empirically derived curve representing the interpreter's capa-
bility of correctly recognizing the object under the prevailing
conditions (see Appendix B). The higher the performance number,
the higher the prcbability of recognition. 1In considering the
misrecognition process, i~ is argued that a high performance num-
ber ard a high probability of reccgnition imply a lcow probability
of incorrect recognition. In the limiting case, the probability
of misrecognition should be zero when the probability of correct

recognition is one.

Similarly, it is argued that the lower the performance number
and probtability of correct recognition, the higher will t the
ratio of misrecognitions to correct recognitions. Howeve. that
ratio remains finite; *he probability of misrecognition becomes

«ero as tie probsbility of correct recognition becomes zero.
Given these arguments, plus the fact that when the probability

of recognition is .5 the average probability of misrecognition has

25
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been defined, it is possible to construct a simple model of the
nisrecognition process.

Consider the following relation between the probability of
risrecognition (PMR) and the probability of correct recognition
(PR) .

PMR = K * PR(1 - PR)

where K is some constant to be determined.

This formula satisfies the above requirements. It is seen

that the ratio of misrecognitions to correct recognitions in-

creases as PR decreases, as required by the argument made above.

38

= K(1 - PR)

However, the actual number of misidentifications is zero
when PR is either zero or one, also required by the ahove argu-

ments,

The constant K can be dete.mined as follows.

The average probability \
of misrecognition (APMR) = PMR
\ox - 5
= K(.SD(I.O".s)
APMR = .25K
Therefore, K = 4(APMR)

The relaticuship PMR = 4(APMR)(¥n) (1 - PR) thus satisfies

the arguments made above for the misrecognition process. It 13
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shown graphically below, normalized to 1.0 at PR

constant
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The same arguments applied to the case of misidentifications

lead to the fcllowing expression for the probability ot misiden-

tification:

PMI = A{APMDI(PIY(1 ~ PY)

where PI is the probabilityv of correct identification in a given

situation and APMI is the average probability of

analogous to APMR.

Retuvrning to the example of the T-62 tank,

misidentification

suppose that the

probability of recognition is .15 in a given situation. The

probability o!f misrecognition in that case woula

be
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PMR = 4(.2)(.15)(1 - .15)
= -8(-15)(-85) ‘
= .102 .

The ratio of misrecognitions to correé; recognitions would be

PR .102
PR .15
= .68

If instead the probability of correct recognition were .85,

then the probability of misrecognition would be

4(.2)(.85)(1 - .85)
.8(.85)(.15)
.102 )

PMR

:he same as above. However, the ratio of misrecognitions to

correct recognitions would be only

PMR _ .102
PR~ .85
= .12

As the rv~ults of further resear.h become ava. able, the
user may be able to provide better estimates of ¢“he averag-
probabilities of misrecognition and misidentification for each
object.

if the user wants to include the possibility of mistaking

decoys j.r real targets, the uecoys must »e inciuded in the 1list

of objects and located ii the scenar!c as any other nbject mu.. oe.




For war gaming purposes, it is desirable to have the reports
of false targets be indistinguishable from the reports of true

targets. Therefore, CRESS-A uses true targets as the basis of
any false targets that may be generated. As a true target is
detected, an entry is made in a referencé table called FLSTYP
(FalLSe target TYPes). This table includes the recognition group

number of each object that is detected in the true target and the

sensor or sensors that detected that object. Thus, FLSTYP be-
comes a table of represer.ative target types or feasible target

compositions for false targets.

Each time a false target is to be generated, ref~—ence is

made to this table, an entry is selected, objects are selected

LA )

for reporting, and the sensor or sensors 'detecting' each object

is/are obtained from the table,.

The table FLSTYP is reconstructed for each RS area so that
the false targets will be similar to true targets in the sare
area. While false targets should be similar tc true targets,
there are also some limitations that must be realictically imposed ]
on any false target. For examnle, while it is reasonable that one %
tank’ or three men will be reported when there wag no true object
present, it is highly .nlikely that 10 tanks or 190 ~en will bLe 4
so reported. Therefc ., the number of apv particular tygzc of 5
¢bject and the total number of false objects in any one targeti
are limited by the numbers determ.ned by the user and input to

the program (see Sec. II1.E of the User's Handwvok for further

"IN

disussion of these numbers),

ihe false targets are further recz*ricted in size by allowing
a maximum of four types of objects to be included in any one

false target.

T v i ATy e
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Another restriction on false targets is that the sighted
elexents are reported only at the recognition level. This restric-
tion is i-posed since it is assumed that (1) an objeci detected
under good enough conditions to cause the image iaterpreter to
try to identify it will be seen in sufficient detail to determine
whether it is a tona fide military target element, and (2) an
ob_ject detected under such poor conditions that only detection is
possible cannot be aetermined to be a military target element,

unless other information is available.

Reference 1 indicates that the number of false targets re-
ported for an RS area will depend on (1) the image interpreter’'s
prior expectation of finding a target in the area, znd ¢2) the
number of targets he finds in the area. CRESS-A accounts for
these two ‘actors by using the following formula to determine the
number of frtce targets to be generated for an RS area:

=\

f = n+(n+ = »

number of faise targets generated for the
RS area,

wvhere f

t = number of real targets detected in the RS

area,

p = the expected perccntage ~¢ “ilse target=
for the entire scenaric area; supplied by
the user,

and n= {1 if a random nu-ber draw is less thaun

the prior expectation *.L.at a target
will be detec*=d *‘n the RS area

0 otherwise.

Pertinent subior*tines are MISGRP, DETECT, MISID, MISREC,
PROCES, and FLSTGT
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8. Multisensor Viewing

Research on reconnaissance models has to dat™ focused on
the role of individual sensors. However, many potential users
of TRESS may be more interested 1. the information produced by
the comvination of sensors than in the performance of any sensor
in particu:.r. Therefore. SRI is placing greater emphasis on the
system of sensors e.)ployed on a given missicn. Consistent with
this, considerable attention has been given to improved methous
of determining the probabiiities and numbers of objects seen by

the multisensor combi..rtion.

Since sensors using difi_ rent parts »f the electromagnetic
spectrum are sensitive t different characteristics ¢f an object,
it is possible that or~ type of sensor may detect an object while

another may not. For the purposes ol nomenciature for this

section, mapping and MTI radar: will be considered as using dif-
ferent parts of the spectrum, since they depen” on different char-
acteristics of an object te detect it. It is also possible that
neither sensor could detect (or recognize) the cbject by itself,

but by cconsidering the cimracteristics cbserved by both senscrs,

é
3
4
%
A
+
o

it 1s possible tc detect {recogni.e) the object. It is also

possible that when an object is first detected by one sensor, a

second sensor may itnen be used to add fto the information provided :
by the [irsi sensor. For example, a radar may detect a metal
object and a pair of eyes, which had not previously noticed the

obje:t, may now be able i~ tell what type object 1t .s5. These

are ex~ .p t multisensor {or moure correctly, mul. enectral)
enha. cemer. By
+ possible gain of information may also be attained b+ using %
] twn or more sensors of the same spectrum instead of one. Ior
"xample, it is possible that two pairs of eyes will detect more

TN
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objects than either pair viewing an area alone. If s user wishes
to place two or more sensors of the sseme type (e.g., visual)
i a reconnaissance airplane, he may do so by repeating the sensor

name (VI8) for each observer-—up to the maximum number of four.

The effect of doing this would be to allow each sensor an
iudependent look at each object. Thiz ~ffect is calculated by

che formula from classical statistics for independent trials,

n
=1- 1 a-
Pi 1 j=1 Q1 pJ)
which, in the cess of multiple senscrs of the same type, would
be

n

PJ = 1-Q po) .

Pi being che probability that at least one independent look is

successful, 90 being the probability of sighting by one sensor

ajone, ans n being the nuwber of sensors .. the same type employed.
B~v-ver, in the case ¢ { nultispectral enhancement, it is

~resumed that two sensors employirg different spectira will to-

ge “her see« mors than is acc:ounted for by each of them viewing

the scene ludependently. This .3 an evxample uf the phenomenon

of synergy.

This might ne represented as the bove formula {.r independent

looks, mnodified % an enhancement fac.ur Q:

v

r
p = 1 - 0

{1 - p‘) Q
.j" ~

1

where P is the prob.i*'iity of sighting by the muitisensor system.
.
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If Q is less than 1.0, Pi will be greater than Pi' It would be

desirable to split this enhancement facto. into subfactors,

(1 - qJ), that are degcndent on the particr}2 . sensors used. A
representation emploving qJ in the same manner as .he pJ would then

be possible as follows:

n
Q = 321 Qa - pj)
or,
n n
P = 0 A-p) 01 -4q)
S i} I =1 J

Honeywell, Inc. (Ref. 2), has performed r2search to quantify
these qj for various sensors. They have found that the following

representation gives good results:

= (p, - 1)/K)
q, explp, s

where the KS depend on “he spectrum being used and the type of
object being viewed, j

Values for the hs' dete.mined Ly the Honeywell research,
are found in Table 4. An examp.e showing the use of that table

follows.

Sunpose that a regular camers and an IR line scanner ooth
produce film containing images of the same tank {tracked venicle}.
Further suppose that the probabilities of detect’ .. .or the camera

and I& are .2 and .3 respectivelyv. Also assume that the prova-

!
]

bilit es of recognition and ident'fication for cach sensor are zero.
Then the combined probability of deteccion due lo independent

looks 1s:
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P1 = 1 - (1 - .2)(1 - .3)
= .44

From Table 4, Kl = .4 (detection, photo, tracked vehicle)

ard K2 =z .3 (detection, IR, tracked vehicle). Then

exp(2(.2 - 1.0}/.4)

ql =
= .0183
and
q, = exp(2(.3 - 1.0)/.3)
= .0094
So,
Q = (1 - .0183)(" - .0094)
= ,8725

Then, the combined probability of detection due to both irdependent

looks 2nd mulvispeciral enhancement is

Pm = 1 - (.56)(.9725)
= .46

This is .26 better than the camrera alone, and .16 beiter
than the IR sensor aleons. dbhout 10 perceint of this improvement
came from the svnergistis effect of having two sensors employing
different spscira; the rest came from the independent looks

aspect of hzvang twe sensor.. view the same object,

0

In general, the independent look aspect of multisensoxr
viewing is wore complicated than in the zbove example. This ig
because all three lavels of viewing (detection, recog tion, and

identification) must b= considered at the same time. By way of
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illustration, consider the example of two sensors each looking

at the samg 100 objects, yielding the results shown below,

Sensor 1 | Sensor 2
Detected 140 25
Recognized 20 15
Identified 20 10
Total sean 80 50
Not seen 20 50

Applying the iormula for independent looks, one would expect that
a total of §0 of these 100 objects would be seen by at least one
of these two sensor: nd that there would then be 40 objects seen
by both senscrs. One would now ask how are those 40 common ob-
Jects allocated among the ninc possible common-pairs (e.g., rec-

ognized by sensor 1 and also identified by sensor 2}?

*
Recalling the independent nature of the two sensors, one
would expec*t the 20 objects identified by sensor 1 to be allocated

a3 follows.

Sensor 1 Sensor 2
Detected A,S
Recognized ’%’3
Identified 20— 2
Total seen \\\\\ 10
Not seen ~ 10

¥ This independence assumes that the objec. - :etected by one sensor
will be distributed among detections, recognitions, identifica-
tions and not seen for the second sensor in the same proportions
as the 100 objects were distributed by that second Jensor.
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Similarly, the allocation of the objects recognized and de-
tected by sensor 1 can be determined. This is summarized in

Table 5 helow.

Table 5
CORRELATIOP Or SIGHTINGS

Sensor 2 Sensor 1

Detected | Recognized | Identified | Not Seen |Total
Detected 10 5 5 5 25
Recognized 6 3 3 3 15
Identified 4 2 2 2 10
Not seen 20 10 10 10 _50
Total 40 20 20 20 100

This indicates that of the 10 objects identified by sensor 2,
two were identified by sensor 1, two were recognized by sensor 1,
four were detected by sencor 1, and two werz not seen by sensor 1.
Since only twe of the 20 objecis identified by sensor 1 were also
identified by sensor 2, there ‘ere a total of 28 different objects

identified by at least one sensor.

In determining the number of objects recognized (but not
identified) by at least one sensor, one must be sure to exclude
inose objects that were identified by either sensor. By doing
this, one can count 27 cobjects whose highest level of sightirg is
reccgniticn by at least ocne sensor. Similarly, one can ccunt
35 different objects whose highest level is datection. This
accounts for all 90 objects expected to be seen by at jeast one

s5€nsor.
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These same values (OMD = 35, OMR = 27, OMI = 28) could have
been calculated by applying the formulas: <

OMI = O1I + 021 - O11%021
OMR = OlR*(1 - 021I) + O2R*(1 - O1I) - OlR*O2R
OMD = O01D*(1 - O2R - 02I) + ©2D*(1 - O1R - ClIl) - 01D*02D

where O refers to object; M refers to the multisensor system; 1
refers to senscr 1; 2 refers to seusor 2; and D, R, and I refer

to detection, racrognition, and identification, respectively.

By cousidering cumulative objects (i.2., objects identified }
are also cci.aldered recognized and detected; objects recognized
are also considered detected) and making the following substitu-

tions:

0o1p’
O1R'

01D + 01X
O1R + 011

and similarly for sensor 2, the 2bove *ormuias reduce to:

OMI = 1 - {1 - 01DD(1 - 021)
OMR = 1 - (1 -~ OlR')(1 - O2R') - OMI
OMD = 1 - (1 -0iD')(1 - 02D') - OMR - OMI

In CRESS-A, these formulas were not used in determining the
number c¢f objects seen by the multisensor combination because of
the increased realism introduced by allec.ing stochastic variations
in the allocation of objects buzad on drawings from upper geo-
metric distributions. (Note that the above example was discussed .

in terms of expected values for purposes of exposition.)
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The multisensor probabilities however, were calculated by
using the formulas indicated and substituting the .probabil’*ies of
the individual sensors for the numbers of objects used above,

since the probabilities are not modified by stocchastic variations.

It is stressed that these formulas 2:pply only tc the inde-
pendent look aspect of multispectral viewing. The additional
objects seen because of synergistic effects still need to be
determined. It is possible simply to draw random numbers against
the ccabined probabilities, but this is not an optimal grocedure
because theé random number draws of the individval sensors might
have been below the mean while the draws of the cumbined system
might have been above the mean. This would simulate a synergistic
enhancement larger than appropriate. The situation might also be
reversed, in which case, there might be no synergistic enhance-
ment. Therefore, an appropriate differential prcbabiiity repre-
senting the synergistic enhancement is used to determine if anyv
of the objects not yet detec.ed by any sensor might be detected
because ¢f that differential probability. That appropriate
differential probability, Ps, is, for a given level cf sighting:

Pm ~ Pi

I N

wheie Pm, Pi’ and Q retain their earlier definitions.

Random numbers are drawn and crmpared with this Ds for those
objects not seen by independer: looks. Any resulting objecis
are added to the objects see by the independent looks to determine

the total number of objects seen by a particular system of sensors.

~ new way of looking at the set of objects available for

vieswing by the system of se¢nsors has been developed in CRESS.
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8ince some sensors can penetrate masking thai is opaque to other
seh-ors, a method was devised to divide the objects in a given
target into several nonove: ‘apping groups. The most frequent
situation is as follows: one group contains those objects that

may be seen by all sensors; another contains those that may be seen
only by radar and IR sensors (both types sense thiuugh camouflage
nets). Yei another contains those objects that may be seen only

by IR sensors (IR has some capability through foliage).

After these groups have been formed, they are each reduced
in 8ize by line-of-sight considerations for the appropriate group;

those objects that are masked and are not considered any further.

Each of these groups is processed for multisensor viewing as
appropriate. In the first group, enhancement may'éome from all
sensors; in the second, only from radar and IR; ard in the third,
no enhincement is possible since only one class of sensor may view
those objects. Finally, the objects seen from all three groups
by the multisensor combination are added and reported together.
Similarly, the multisensor probabilities reported are weighted
averages of the probabilities derived for each of these three

groups.

Pertinent subroutires are PROCES, BRGRD, OBJSET, and MULTI.

9. Target Aggregation

Once items of military siynificance have been detected, it
might be of interest to identify those items that are part of a
larger group of items. For example, it might be helpful to an
intelligence team to recognize that several groups of trucks and
APCs sighted at different locations are all part of the same bat-
talion. While it would be unrealistic for a simulation to state

unequivocally that certain targets are part of the same battalion,
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a step in that direction cr~ be taken legitimately by indicating
which elements are close er ugh to each other possibly to be in

toe same battalion.

This model piuvides for the aggregation of reported target
eleme;.:s within each of five different radii. For any radius
selec.ed, the program looks at a reported group of target elements
and reports all reported groups of target elements that are within
that distance (the rauius of interest) of the first group. This
group of t.rget elements iz called a cluster. It then does the
same for another reported target eiemen. group, and so on until
&1l reported target element groups have been sc treated.* This

process 1is then repeated for each radius cf interest.

Only those targets noted in the Intelligence Copy are con-
sidered. The basis for deciding whethe. 2 pair of targets is
within the required distance of each othe¢r is their reported
position, which may differ from the actual position necause of

navigaticn or map errors.

The intelliger @ team may then take this mechanical grouping
of targeis and determine--on the basis of target content, know-
ledge of the enemy, and the state of battle--whic’. groupings have

military signiiicance.
Pertinent subroutines are AREA and AREAQP.

10. Timeliness Factors

The target reports included on the Intelligence (opy are

sequenced in order of their simulated arrival at an intelligence

* A target may be reported within more than one cluster. However,
if one cluster is completely incluc=d within a wore populcus
ciuster of the same radius, the sma.ler cluster is not reported.
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center. 1f the data processing begins after the platform returns

to base, the arrivel time of the data is calculated ca follows:

Arrival time = time of landing + preliminary handling time +
time required to process all imagery from
flight + hard copy handling time + image
interpretation time + report delivery time.

If the date are transmitted in real time from the platform,

t+he arrival time is reduced:

Asrival time = time of target overflight + uata transmission
time + time required to process imagery taken
to that point + hard copy handling time + image
interpretation time + report delivery time.

All of the delay times are dependent on the senscr beiug
employed. The image interpretation and report delivery times

used are drawn from norma. distributions whose means; and stand-

ard deviations are <pecified by the user.
The pertinent subroutine is RPTTYM.

11. Enhancement of the Probability of Detection

Prior information may indicate that a target is in a speciitied

area (e.g., a SIGINT repor: indica.es the posiition of a surface-to-

air missile unit, tut with a two km CEP location inaccuracy). If
an image interpreter is directed to search the film from a photo

reconnaissance mission covering thce indicated area, Ref. 1 indi-
cates that his probability of detecting the target will be greater
than if he were searching the same imagery without the prior

informet ion.

Each of the sensor nodels includes a curve represenuing an

"average'' interpreter’'s probability of detecting an object being
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processed under 'mormal’ conditions for processing imajery. If
the enhencement option ic selected in CR¥SS-A, an enhsncement
sncrement E is added to the pmrobability of detection calculated in

the appropriate sensor model.

The rationale used in CRESS-A for the determinatior cf E
is similar to that for calculating misrecognit.-n and misidenti-
fication. It is assumed that the interpreter‘s performence will
V..y mosc when conditions are such that he would normally have a

"

.5 probavwiliiy of detection (i.e., 1is 2 maximum, Er' when

Pd = . 5) It is aiso assumed that no enhancrment cccurs when Pd
i= already at its maximum vaice or when cond 1ions. are so poor
that Pd = 0. It is further assumed that the enharcement incre-

ment E varies linearly between Pd =0 and P, = .5, and also between
Pd = .0 aad Pd = 1. Hence, r can bz depicted as the two line

segments illustrated bLelow,

E
£
. /’/\“
/ h
\
4 \
L — F
d ) i d
an” also exprossed s
/
2K P , P i)
m d d
E =
¢ E Q1 ~FY P> .5
m a d
where Eo is a user supplicd value.

13

g

3
s
o
&

.




If the enhancement option is selected, Pd is replaced by
Pﬁ + B and this enhanced probability of datection is used in
detervining the rumber of objects detected.

The assumptions were made in the absence «f any known
experimental determination of the enhancerment l-crement. Experi-—
menzal research is needed to find the enhancement increme.t as

2 function ~f the prcbability of detection.

The pertinent subrou.ine is FROCES.

14




C. The Ground Model, CRESS-G

l, General

CRESS-G is the portion of CRESS that simulates R& S per-
formed from OPs, fixed elevated platforms, and patrols. This
is accomplished by having the computer portion of the model
prestore all the information generated by the manual work phase
of the simulation and operate on cthis information te calculate
the performance of each sensor ir. each OP when attempting to
sight all the targets within the OP's field of view. It should
be emphasized that the model performs this task in such & way
that it is a simulation of the set of sensors in an OP versus
& target and not a-set of independent simulat16n§ of the sensors
in the OP versus a target. The following discussion is a des-
criétioﬁ of how the computer model simulates R& S activity aﬁd
provides for equipment failures, attritlon, misidentification
and misrecognition of target elements, false targets, combined
sensors (multisensoring), terrain masking, camouflage, target
information received over time, report criteria, and time

ordering of reports.

It is helpful to understand the order of processing befcore
examining the various stages of which processing consists,

This order is as foliows:

a, CRESS-G processes GP hy OP
b. Each OP is processed target by target

c. Targets are processed ctbjact by object
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d, Objects are proceseed sensor by sensor and then by
multisensoring

e. A control copy indicating sighting probabilities and
objects sighted ig written after cach target is pro-
cessed

f. After processing all tsrgets covered by an CP, false
targets are generated, for which a control copy is
+1s0 writtea out

g. After all OPs are processed, the reports to the intel-
ligence ceater sre time ordered and priated

The oraer and stages in processing are given in some de-

tail in the flow chart beiow,

CRESS~G CGMPUTER MODEL FLOW CKART

Set threshoid criteria for making reports (number of
objects, number of special objects, perceni of objects !
presani), |

Read weacher parameters; background paraometers; ob-
ject na-ameters; sensor detection, recognition, iden-
tificaricr probability curves.

Determine cbject groupings into which each object
may be misr->cognized or misidentified.

Read target variables (designation, valid time, lo-
cation, speed, object-camouflage probability, bhack-
ground type), g

Y
I
§

- c—

Resd target obiects (ohjeci types and numbers of each

type).
®
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Read observation post variables (designation, valid
time, attrition probability, link type, sansor types),

———

For each OP/TGT car< do thrcugh (B
r el
|

I Read OP/TGT card (OP desigaation, OP coordinates, tsrnﬁ]
I get designation, line~of-sight probability). |

L

@

Yes No

If the previous OP was
not a patrol ard did
Jetect any actual tar-
gets, determine the
number of false tar-
gets to be generated.

Create iaise targets
by selccting objects
from actual targets
that the OP has cos-
rec.ly s‘ghted,

Locate false targets
near actual targets,

et
i
l\g e
47

T S Y




st e e g - B o Aot
, Vi
, .

e s g s ———

?

Determine if and when the OP is attrited.

Deternmine times of sensor tnd 3ink failures and the downtimes,

T

Are the JOP and targst arc
< valid at the same time for
T~ any sensor?

[1f no possible contact because of time differences go to () |

-y

{
]
i

Determine three times Determine one l
of possible sighting sighting time. I
for c¢ach sensor: |

L\/J

1
Set background parameters (veflectivities, emissivi-

ties, temperature).

]
[For each object type in the targe:, co through

48
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Set object parameters (dimensions, reflectivities,
emissivities, temperature, misrecognition and mis-
identification piobabilities), ]

B AT A T o, ok L

i~ e

-

Determine the number of cbjects for which line of
sight exists and those that are cumouflaged by nets,

.

e

-

For each sensor in the OP, do through (D
[

|

1
Determine sensor type.]

lse - oropriate sensor moael to determine probabili~
It;as ¢o{ detection, recognition, and identification,

i Determine enhanced detection probability due te¢ sig-
: |nal intelligence informstion if applicatble.

’CaICJIate number of objects detected, recognized,
lidentified, misrecognized, misidentified, and the
[classes for the missightings.

Is this ah;;:;;I;\\\‘::::>
i -]

e

Yes Ne

g
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Calculate a degraded, second-look probability of de-
tection,

Calculate objects seen at various levels of sighting
on second look.

!
Calculate a third, further degraded probability of i

detection,

Determine objects seen at various levels of sightingl
on thira look, ]

Determine total number of objects seen at each level
of sighting and cumulative sightiag probabilities,

if the object is seen, cunsider etoring as a pousi-
bie false target object.

At each level of sighting, determine the total num-

ber of different objects seen by all sensors, consid-
ering multispectral enhancement and different objecis
sightings by individual senscrs, |

®

[
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For each seneor and for multisensoring, determine if
the typas and numbers of objects seen at varinug
levels cf sighting are sufficient tc meet report cri-
teria,

If 2 report is to be made, store time and pertinent
information,

i
Write control copy giving sighting probsbilities and
objects detectad. recognized, identified, misrecog-
nized, and misidentified,

§
:

¥rite out intelligence copy in a time-ordered se~
quence giving reports on objects detacted, recognized,
identified, the location, location accurscy, and time, |

l

!
:
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2. Main Progrgﬂ

The routine CRESSG is the main program and serves to call
the three meir subroutines, SCENIN, PROCES, NTIGNT, that ter-
form the varicus operst.ons required for ground reconnaissance

simulation,

After readying the Gisk for storage c* infosmation (sub-

routire REYDSK), most of the datz are read in through calling
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BCENIN (SCENario INput data)., Then all of the targets that
eaci OP can possibly view asre opsrated on by calling .PROCES
{PROCEYs dsata), uhich determines what is sighted an&'writes
out a control copy listing eightinc probabilities and objects
sighted, ¥hen the targets Zor all OPs have been processed,
NTLGNT (Intelligence output data) is called t~ write out

sighting reports from the CPs in a time~ordered sequence.

It it is remembered that PROCES is performed for each
OP/TGT combination, the model, although long, is sequential,
The follering discvssion followe this seguential line, with
most topics discussed ir order of cccuremnce, Many of the opera-
tions in the ground model are accomplished in the same manner
as Ln CRESS~A, When this is the case, the Aerial Model is
veferencod, and very little discussion i3 included herein,
Figure 4 contains a list of all subroutines used aud a notation

indicating whether the routine is the same as for CRESS-A,

3. Scenario Data Input (SCENIN)

After RINTSK bas opconed four files on disk in which to
sicrs the reaults of processing OP/TGT combinctions for later
printing, SCENIN is called to read in the scenario data, Data
input is discussed in detail in Data Preparation; Section IIE,

of tnis handbook.

SCENIN first calls subroutine RPTSET (ReForT switches SET),
which sets switches determining the criteria to be used for
making decisions on whether groups of sighted elements are to

be reported on the Intelligence Copy. The routine is the same
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MATN

e RDYDSK
@es SCENIN - RPTSET:
MISGRP_ . i
RCIGTV, - lcnox.oc
TAROBJ CONVERT R,
OPVAR 3
sme PROCES - [ FLSTG: el CALTIM Z
CONVEKT . RPTTM - RPTTOC 1g
OPATRT - RPTTOC, JPTSTR Y i
GDFAIL - RPTTOC WRYTAL - ] ALFCOR 3
CALTIM, CEPSNS - SEPSIG §
GRDLOC CIKTIM 3
OBJSET f§
IR SIMPS §
RADAR PBLAM i
PNVD PTLAM 'g
B 1
VISTAL %
LASER ;
IRBNOC, . :
DETECT - [ MISID
MULTI** MSREC .
RPTDEC =4 SIGHTS :
RPTTM - RPTTOC SPCOBJ -
OPTSTR . ;
b WRYTAL ~ § ALFCOR :
£ ! CEPSNS - CEPSIG ’
E CLKTIM . %
é * *
amNTLGNT ~ § ALFCOR
1 CEPSNS - CEPSIG .
CLKTIM_ . %
~ RECCEO - BLDARY
k Methodology very nearly the same as in CRESS-A,

Fig. 4 CRESS-G SUBROUTINE LINKAGE
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a8 for CRESS-A, The settings on the report switches indicate

whether any of the following criteria are being utilized:

¢ Threskold number of ovbjects detected, recognized,
and identified

® Threshold number of special cbjects detected, re-
cognized, and identified

e Threshold percent of obiects present detected, re-
cognized, and identificd,
The creation of groups of objects that delineate the set
of objects into which each obiect may be misrecognized or mis-
g identified is next accomplished by subroutine MISGRr (MIS-
GRouPing) in the same manner as CRESS-A, The objects that each
target contains are read in, personnel are divided into per-
sonnel in different kinds of stances (standing, pcone, foxhole,
or slit trench), and the number of camoufliage nei¢s of various
types is determired. This is accomplished ia TAROBJ (TARget

OBJects), again the same as for CRESS-A,

SCENIN uses subroutine TGTVAR (TARget VARiables) to read
in those targe® vari:hie paramet.rs needed by the grouvnd model
{designatio.n, iccation, iaitial ana final valid timcs, speed,
percent of objects other than personael under nets, background
type). Subroutine OPVAR (OP VARiables) reads in the OF desig-
nation, loacation, initial and final valid times, link " yp=,

rensor tyoes, and probability of attriticen by the enemy,
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4, Procesuing of OP/TGT Combinations

Once the scenario data are read in, the model begins to
process this informaticn by reading in an OP/TGT card (OP desig-
nation, OP cocrdinutes, target designation, probabil:ty of line
of signt between OP snd target, OF heigh: above grouand if ele-
vated, and the time that the GP is at this location 1f the OP

is a patrol),.

5. OP Attrition (QPATRT)

The first operation performed is io determine stcchasti-
cally if the OP is attrited by enemy 2zotion, based on this
OP's proYability of attrition., 1f so, the time of attrition
is s2t equal to some time Letween the OP initial and final
valid times in a random manner, and this tim=s is stored om disk
for reporting. Tim2 storage will subsequently be discussed in

cegn junciion with the RPTTM routine.

6. oSensor and Link Failures (GDFAIL)

The times to next failure for the sensors and link are
then determined. This is accomplished by using the MTBF, and
g Pcisson distribution, on the zssumption that the expocted
time to next faiiwe 2 independent of the point from which
time iz being measure.. A complete discussion of the formulas

used is included in CRESS~-A «FLTIME).

The time when ti.. ser.c.@ a~d links again hecoume operativ:
are calculated by drawing 2 rasdom numbe~ from a normal dis-

tribution with a mear =soual to the mean down time added to the
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failure time and a =tandard deviation of down time given by
the wser, This nor=mal distribution draw is accomplished in
NORM, which is identical to CRESS-A (NORM). Any of the link i
and senabr down times and up times that are less than the final

valid time of tho OP (or less than the attrition time if appll-

cable) are stored away for rcporting.

1f a link failure occurs during the time that the CP is
to be operating, the time at which the link again pecomes opera-
tive is set equal to the minimum of the calculated link up

time or the final valid time of the OP.

7, Timing Calculation (CALTIM)

¥With the information on attvition and failures now availa-
bie, the model then determines the earliest ime that the sen-
¢ ‘s are able to see the target (called the "runtact” time).
This will normally be the initial velid tiwse of the OP or the !
inizial valid time of the target, whichever is the time when
both *“e OP and targetr become valid, If the = 1s no overlap
in the times =2nd the OP and target are valid, again considering
attrition times, the OP/TGT card is not processed rurther, and
control is roturned to the Leginning of PROCES where a new

OP/TGT combination is read,

Given the possibility of contact, a lost certact time 1is
determined equal to the iast time at which both the CP aud tar-
get are va. 1. Ia the case of patrols, 1% is assumed that the
contact occurs while the putrol is moving, and thus the contact

time is the last contact time also. Since the ramificatioans of

56
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a sensor failure sre cocsidored, there are a t-tal of four

possiule sensor report times: coatact, lost coantact due ?o
sensor failure, regained contact, and lost contact, although

the sei:sor may not aake coantact at 311 because of a fatlure,

In addition to the coatact time zlresdy calculated, two
more report times are determined at incremeats of time (apeci-
fied by the user) bevond the first contact time. This secoad
and third look capability wiil be discussed when the probebili-

ties of detc-ting at these times are explained.

If a sensor failure occurs before the tharez looks have
taken plac2, the third or second and third 1coxs are assumed
to tek= place at the : cified iacrements of .ime boyond the time
the semsor nnocation is restored inetead of beyond the first
iock time. OCF comse, the o.aputer checks to be sure the sengor

ha< no% 178t contuct nervanently before these second and third ¥

]

b

E

lociis. i
B

£, Listsace, Maximum Range, and Background ;§

<3

{1 contect is made, the model thien begins to determine ¥

the vrmher ¢i Chjects seen hy setting the distance bstween the ?g

LT and varget, This is normeily the difference between the

tw: respective coordinate locations, but when he CF is elevated,

the zighting dictance is increased te accrunt for this eleva-
tien. Also, elevailed CPs reguire checking to deterrineg if rae ;
meximum range is limitved oy the fie.d of view of any o»f the QP %3

i
(elevated platform) sensocrs, wh:ich would often occur 1f a seu-

for 13 peinted downward, in these cases., the range is set
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ogual to the height divided by the cozius 0f the view augle of
the seasor. If it is desired that an eievated seusor have a
slewing ccpability and be abl2 to see cut to the horizon, its
view angle ghould he get equél to 90 degrees when inputting

sensor perameters,

Next *he reflectivities, emissivicy, and teamperature of
the tsrget background z2re set, the latter depending on whether

it is day or night.

9. Object Processing

The model now begins to process e~ch of the object types
within this target by setting the reflectivities, emigsivities,
temperature, probabilities of misrecognition and misideptifie-
cation, and object recognition detection classes. The lenyth
and width of the object are set if tho OP is elewvaved., Other-
wige the vertical dimension und the average horizontal dimen-

sion are uzerl,

10. Number of Objzcts (GBJSET)

The OBJSET routine determines how maany cbjects of the type
being processed cen poszsibly be geen. Objects sctually present
are tested stochaesticaliy against the probebility »f line of
aight hetween the O and vsiget to cltain the aumoder of objects
for which the CP lias line of sighl, Mkak.ng the fine~of~sight
deterpination hefore any sensor calculations allows the model
to simulate the group ot rensore in the OF instead of inoivi-

dual simulations, as is the case i mouels where line-ci-sight
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calculations are made independently. The GP simulation concept
is important in determining msultisensor eflects., The ausber

of objects having line of sight t> tha OP is taen used to create
two groups of objects, those that can be seeon by sensors that
cannot cee through camouflage not and those that cav be seen

by sensors relatively imxune to camouflage nets (radar and IR),

This is accomplished by application of the probability of camou--

flage for nocpersonnel objects or for perzonnel in different

stances (standing, prone, and so forth),

1}, Sensor Processing

The object ip now processed by the first sensor in the OP,
If this sensor has failed, it is skipped and the next sensor
is processed. The rcutine that contains the mathematical model
of the type of sensor bdeing used is first called to determine
the probabilities of detecting, recognizing and identifying

the object., Sensor model descriptions are given in Appendix B.

12, Number of Objects

After deterwining the probabilities of sighting, the appro-
prigte nuwiaber of objects is chosen, depending on whether the
seasor is IR or radar snd sees through nets or is a type of

sensor agalnst which nets are effective,

13. Detection Enhancement

The probability of detsction frow the zensor routines is
upgraded by prior signal intelligence information in an identi-

cal manner to CSESS-~A,
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14, Object Dctection (DETECT, MKISID, MISREC)

Using the detection, recognition, and identificatior pro-
babilities and also the average probabilities of misrecognition
and misidentification, the number of objects seeu by the sensor
in these varlous categories and the types of objects into which
the object may be misidentified or misrerognized is determined.
This 18 performed by use of Monte Carlc techniques, and the pro-
cedure is described in CRESS-A (DETECT, MISID, MISREC). 1In the
case of patrols, the probability of recognitiot and identifica-
tion given detection was set equal to 100 percent on the assump-
tion that the patrol has the ability to temporarily change its

course and discover in detail what has been detected,

15. Second and Third Looks

For patrols, no further sightings of this {arget are al-
lowed. For OPs, however, two mors looks are allowed., The
hypothesis is that while most of the information on OP reports
concerning a target occurs at the earliest time, both the OP
and target are valid and other iaformation may still be ob-
tained, ualbeit in greatly decreaging amcunts, after this initial
sighting., Thus, the actual new informat! a received from an
OP :oncerning a target might be represented schematically ag
follows:

Incremental

Informadion

fecei ed

=S
Time

where the time uxi: begins at the time of first possihle sighting.
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R&S models ofton use s 'snapshoi” approech, This con~-
gists in allowing a ausber of indeprndent looks at a target to
be taken at variour increments in time over whick the OP can
possibly sight the target. The result of this approach is to
enhance greatly tho prpbabilities of detecting, recognizing,ﬁ
and identiiying cbjects in the targoet., For example, if the
independent lcok probability of detection is .35, {our saapshot
looks at 15-minute l.crementz result in a cumulative prcbabiiity

of detection of:

4 [~
Pop = 1-(1-.5)" = .54

CRESS-G makes a rough approximation of the effects of being
able to examine an area carefully and "lcok again" by sssuming
that the independent lcck probabil ity of detection calculated
by the sensor routines ard used to determine objects detected
on the first look represents a large fracticn (e.g., .9) of
what 18 to be detected of the target by this sensor over an
extended time, It is assumed that the amount of additional
information acquired during this extended time will be exponen-
tially decreasing. The increment of time bhotween successive
looks should be chosen 80 that ones haif of the remeining infor-
mation is likely to be acquirec in that time increm@nt (i.e.,
the increment represents the "half-life” of the information

not yet reported).

Degraded probabilities of detection are calcuiated fcor the

second and third looks as follows:

- i -]
Dz = i(DI/F) Dl

€1

.

E
;

"*‘!{n’, ....:bmi Gl e s




r'$ 4 D1 is less thar F, or

if D1 is greater, sad
D3 = 02/2

first look probability of detection (independent
locx cvrobability of detection), R

3
[}
g 3
[
o
i

D_ = sccond look probability of detection.
D_ = third look probability of detection,
F = fraction of total detection probabiii.y occuring o
the first look (user supplied),
Thus, fc. a D1 of .5 and a typical F c¢f .9, D2 would equal ,025

dD_,0125,
an 3 125

In this manrer, the second look accounts Zor one-half of
what remains to be detected after the {irst look, and the lhird
iook accounts for one-half of what remains to be sichted after
the second look, Thus, the diagram that the model uses fc¢
information received is schematically represented by the three

blocks of information below.

'y
[
Incrementsal 'ﬁ
Information i
Received from 1
!
op {
\
i
i
\
\
e
““}_'~—rr"% ~~~~~~~~~~~~~ a Time
First Second Third
Look L.ook Look
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Using the reduced probabiiities of detection, but tho same
probabilities of recognition and identification, the DETECT,
MISID, and MISREC routines are used twice more to calculate how
many of the objects yet to be sighted ara detected, recogiized,
identified, misrecognized, and misidentified,

16. Sensor Looping

The model now repeavs all the etepa from sensor procossing
down to this point for each ni the emaining sensors in the OP,
thue determining the sighting probabilities snd objects sighted

or migsighted of the pariicuiar object type being processed,

17, Multisensor Report Time and Probabilities

After all sensors have excmined the cobjsct being processed,
one multisensor report time is chosen, the third look time of

the sensor that sights the target sariiest,

If no sengorg heve failed, the third look cime would be
the same for all sensors. However, sensors that, because of
a failure, do not attempt to sez the target until a2 later time
or do not have a second or third look before this multisensor
time will aot bz included in multisensoring or will have oaly

a part of their sightings included in multisensoring.

The total number of objects seen ™ _._~h sensor when the
multisenscor report time iz reached is anext de'ermined, and the
cumiiative probability of detection by each sensor is found by
surning the probabilities from the looks occuring on ur before

the multisansor report time. These quantities are .sed to




detaermine the effects, cumulative overtime, of using more than

one sensor.,

18. False Target Objects

If the object is seen by at least one sensor, the object
is stored as a possible false target object and the sensors
that see this object are noted; up to a maximum of 10 objects
are stored. The objects in each target detected by the OP are
used to create a corresponding possible false target up to a
maximum of 20 false target possibilities for an OP, No false
targets are created for patrols, however, since they are as-

sumed to investigate all sightings,

i9. Multisensoring (MULTI)

The number of ~bjects detected, recognized, and identified
by the cumulative eftects of ucing all sensors (and the corres-
ponding probabilities) is next determined in subroutine MULTI.
Two kinds of en:ancement occur when more then one sensc: i3
used: (1) enhancement because sensors may sight different ob-
jects so that the total sightad is higher tharn the most seen
by any one seascr and {2) enhsarncement because of the different
kinds of infer=ation that are received irom sensé}s operating
in different spectral regions, A complete discussion of the

method by which multisensor enhancement is considered 1. in-

cluded in TRESS-~A,

20, Object Looping

After completing the multisensor «wslculations, control is
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returned to object processing, and each cf the target objects

is processed in the manner discussed,

21. False Targgﬁ Locstion and Timos

Alter determining the performance of all sensors against
all target objects, if any objects at all have been sighted,
the target location and target initizl and final valid times

are stored for use in the generation of false targets.

22, T port Decision (RPTDEC)

The infor.wmtion now calculated is sufficient to determine
if the nimbers and types of objects seen are sufficient to meet
the report decision criteria (set previously in RPTSET). Repor:
decisions are made for each individual sensor and for muici-
densoring using methodology that is identical to that of CRESS-A
(RPTDEC, SIGMTS, SPCOBJ),

23. Report Number

If any report is to be made on the targe:, & unique report
number is assigned tc this target. Subsequently, other OPs
that make reportc concerning this target will use the same re-
port number, and the problem of collating reports by coordinate

matching will be elimirated.

24, Report Times (RPTTNM)

All report times are stored on disk except the attrition
and failure previously stored, For each sensor, the posai-

ble reports are contact, lost contact due to sensor failure,
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rogaincd contact, and finnl lost contact; for multiscnsoring,

therc is only a contact report,

fi{ a report is to be made, subroutinc RPFTM is called.
Report times are time~ordered in core in increments of 1000,
Yhen the number of reports erxceeds 1000, the first 500 arc
stored an disk and the remaining 500 arc time-ordered with suvh-
scquent reports until anether total of 100C is reached, This
same procedure is8 rcpeated as often as is necessary, meaniag
that report times will octually be time-ordered ond stered in
groups of 300 but that the groups in total may not he time-

ordercd. This last step is accomplished in NTLGRT,

If lost contact occurs because the OP rcaches its final
valid time, this kind of lost contact is not reported. Other
rcosons (gensor failure, OP attrition, or target movement) uve

all reported.

Stored along with report time is an i-dex indicating which
sensor the report is for, whai kind of report it is (e.g., lost

contact), and what OP/TGT the report concerns.

25, information Storage {(OPTSTR)

OPTSTR is called to st-se on disk information concerning
the OP and target that will be neeucu for reporting (designa-
ticne, coordinates, elevatiun of OP, distance, and link failure
switches). The inform tion on sighting probabilities and ob-
jects sighted for each sensor are stored in PROCES using the
same index as for the OP/TGT information storage., This index

is the one that 1is stored along with repcrt times to tell which

66




!

WA TS

P W) T AR Ao+ B v - e 1o

—— s e A+ o N e o P A WA

L
R,
AL o B o L L

OP/TGT informetion & perticular report time is to use.

26, Control Copy (WRYTAL)

Sulroutine WRYTAL is now called to write out a control
copy that contains information not only concerning what has
been detected, recognized, identified, mi- recognized, and mis-
identified, but also what the probabilities of correctly detec-~

ting, rerogniziang, and identifying target objecis are fcr each

sensor and for multisensoriag ead eof what the actuesl target ccon-
sists. The prerbabilities printed out are conditioned on the :
next lower level of cighting being given (e.g., probalility of
recognition given detection), The probabilities listed inciude
the eifects of i1ine-cf-sight probability but, except ror the
multisensor, do not include the probability that objects are
camouflaged by nets, Sensor probabilities of detection, given
line of sight, can be obtained by dividing the detection pro-

bability by the probability of line of sight,

The location accuracy for each sensor is determined for
the cont>2l copy »y subroutines CEPSIG and CEPSNS. C(EPs3 are
determined by using the standard devisations in range nnd loca-
tion accuracy of the sensor to create an error :ilipse (if a
position lecation device is used, its accuraci. s should be pre-
stored in place of the sensor’s), This is modifiea into & cir-
cular error, and the inaccuracies caused by the ¢rror in lecating
the OP or patrol and by various map inaccrracies are considered
to create a set of cumuletive Zups for the types of maps that

can Y_ used.
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More informa:ion and an example of the control copy is
given ip the Computer Output Ground sectiou (IIF2) of this
hgadbook,

27, Looping on OP/TGT Combirations

The program now roturns to the point where OP/TGT card
proces::ing hegan, reads a new OP/TGT card, and processes the
new combination in the manner just discussed., I1i iuc OP on
the new OP/TGT card js different from the one that has ijusc
been processed and if the previcus OP saw any objec%s at 21l
in any target procescsed, the possibility of false targets is
coasidered before continuing the processing of the new OF 'TGT

card,

28, False Targets (FLSTGT)

The number cf faise targets to be zenerated is determined
first, false~target prior probability is used stochastically
to find if at least cne fzlse target is to be generated. The
nueber ¢f other fals targets to he generated is set egual to
a percentage of the total number of targets in which some cb-
jects were seen, The user specifieg the prior probability and
the percentage of targeis seen (or which false targets are to

be created U means no false cargets wiil ke generated),

Each fals - target required is created by drawing at random
from the 1lisc¢ of f«ise tavget ohject rypes that was created
witile processing resl targets [or this obsecvaticen post, Up

to four osbject types out of ithe falsze target objiect tvpe list,
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the number of each type, and ‘he sensors that can see thege

objects sre celected in tue same manner ss for CRE3S-A (7LSTUY).

Next the lccation of the false target is generated by
selecting at random & targer actually sesn and by placing the

false target somewhere at random along the arc akowsn delow:

Real Turget

Pcesible false
target locations

-~

\

!
|
:
/.

where @ = view angle that the OP uses. Locations arec selected
in the vicinity of tarrvets actually seen in an attempt to avoid
placing frlse targets in lccations where terrain masking was

present,

The initial and firal valid times used are thcse of the
real target near which the false target is placed, rather thun
random times that might be too conspicuous (many scenario ;
writers use theo same initial 2nd final valid times for many ;
targets), The various *l.ues of sightin, and lost contact¢ &re

found by calling CALTIM, “‘ust as for an actual target.

Then the faise target report times and objlect sightings
are stored in the same manner as for real targets. Multisensor-
ing i3 assumed to generate the same number of an object type
that the sensors that gight that object see (i.¢., a -.astant

number of objects is sighted by each sighting sens and by

M

multisersoring).
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The output on the Control Copy uses the target desigaation
"TL8R." Since only objects sighted are reported and no pro-
bsbilities are given, these reports are casily distinguished
on the Control Copy, but reports to intelligence are designed

tc he indistinguishable from real tartgets,

29, OP/TGT Loeping Coatinued

After generating false targets, the model begins tc pro-
cess the OP/TGT card ithat relates to the new OP. This proce-
dure of operating <n OP/TGT cards anrnd gencrating false targets
whaen a new OP begins to De processed coautinues unitil the last
OP/7GT combination hsa been examined, False targets, if any,
are generated for the last OF before writing the Inteliigence

Copy .

30, Inteliigence Reporting (NTLGNT)

Control now is passed to the NTLGNT subroutine, where ull
reports that have te.n stored away are written out in a time-
ordered meaner, A discasgion of these reports and typical

examples are included in Sectiion TiF2 of this report.
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D. The 3IGINT Model, CRESE-8

1. Overview of the Logical Flow

Afte six decks of input cards have been preparad, the

CRESS-S simulation program is ready for executien. The pur-

pose of this program is to provide the computational functions

whose logical information fiow is shown in ¥Fig, 5. Thir flow
diagram shows that the data are read in emitter by emitter,
target by target, and dstectability, location, and identificsa-

tion caliculations are made for all appropriate sensors for each
emitter in the target, The Controi Copy output is printed on

line.

The flow diagram surmary for the propagation calculations
is shown in Fig. 6. In this portion of the simulaticn, the pro-
pagation mode, path classification, terrain clcerance height,

and emitter detectability are determined.

in Fig., 5, there is a decision block labeled "ap ?2." 1In
this portion of the rouiine when a new emitter is input, 2 ran- §
dom number is selected and compared with the preassigned emitier

activity factor. If the emitter is determined to be down, the

next emitter is read in, If the emitter is determined to be up,

a hearability calculation is made for all appropriste sensor
sites. The option card can force all the emitters to be up,
thus the program can easily make a hearability calculation on

ail emitters to all appropriate sensor sites.

2, Detailed Flow and Computations

After deciding on tne scenario and deploying the targets and

sensors, data cards are punched describing the targets (Figs. 7

B O T

and #}, the emitter types (Figs. 9 and 10) and the sensors (Figs.

11 and 12), The target and sensor cards (with the HELF Starter
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Y2
EMITTER, TARGET, SENSOR
AND PATH DATA

‘

PATH CLASSIFICATION

|

MICROWAVE -

HF ATTENUATIGN ATTENUATION

MINIMUM ATTENUATION
SKY ATTENUATION

IF SKY
TARGET: DETECTION
NO HEARABLE YES IDENTIFICATION
? . LOCATION
RETURN

Fig. 6 CRESS-S HEARABILITY FLOW CHART
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Card in Fig. 13) are then input to program HELP, which exauines
all possible emitter-senscr combinations for compatibility in
frequency ranges. It prints out a tabulation sheet (as shown in
i.g. 18 for use by the data aides) containing the target-sensor
paths to be examined. After these sheets are filled in, cards
are keypunched (Fig.16) and merged with the target cards. Pro-
gram CRESS-S can then be run to produce the on-line generated
Control Copy, followed by the intelligence copy which is output

from storage on a disk file.

The CRESS~S computer simulation is used to model obstacle
calculations, antenna and receiver/emitter characteristics, sky-
wave and groundwave attenuation, detectability, and target loca-
tions. The terrain obstruction, detection criteria, antenna pet-

tern characteristics, and propagation equations are delineated in

Appendix C. The method of determining the accuracy of target loca-
tion is presented in SRI Technical Note ORD-TN-5205-15, ‘'The

Covariance of Position Location."

' N -
it AL
""ﬁi’ﬁs‘i 55 Wh

The order of data processing is as iollows:

L
gt

i
X

2. CRESS-S processes target by target §§
b. Each target is processed emitter by emitter ;%
c. Fach emitter is processed sensor by sensor ¥
d. A report describing the activity, detection, %
and lccatieon by one or more sensors is written 3

on the Control Copy after each emitter is pro- 5

cessed.

e. After all of ihe turgets have been processed,
the intelligence copy of detected emwitter re-
ports is nutput in a pseudo-random order.
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The following flow char! describes the main prosrnm Tlow:

CRESS- 8 Computer Model Flow Chart

Rend anad stove global parvameters (o.x., month, time
cf day, sunspol number, gyro frequency, and sp forth)

'

Read and store characteristics of possible emitter
types (power, modulation, nntennn description)

!

dead and store sensor charactleoristics {ceoordinaices,
altitude, azimuth sensitivity, and antenna descrip-

tion)
T
B

Generate tables for soil couductivity and dicleciric
constmits, Initialize disk {file for Intelligence Copy
out put

gy ie
R ;.

.,‘%{

-

Write heading for ;
Cont rol Capy QutquJ
—]

For each target do ithrough (:)J

- !

Read and store path card information for 1his tary~t,

Find the distance boetween cach target and sensor, the
bearing of ecach target from cach scensor, and the soil

conductivity and dieleciric constants lor the path,

!

For each cmitter in this target d;W
through (E) i

T
!

!

'

®
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N Tl RO, i L L A A UM L £ Mt - w4

)

~
—</ ot \>
No - the emiiter
; ; ~ up?

r

Write "emittes)
E down’’ on ce%:nj
trol copy ...

\___.—” - Yes

»,

4

{‘For each sensor do through (& ]

4

b

: i ¢
Using the atteruation subcoutiane, find the signal-to-
; noise ratio for this emitter/sensor pair

[

; ™
Can the ™

<\\\3if?a1 be//:>"_“”“—““Yes‘j

heard?

~ - ¥ _—
' i Save the sensor logstion, 1
! bearing in accuracy, and %
i signai-to-noise ratio
l I
No \

e . et gl o ]

o e vt

!
‘Store informaticen for output}

N
~—
,,«”’/fﬂdﬁaw ~.

Qe~g——x mEny sensars heaf\\§>-w~w—-2 ar more
e
“\mkgjs emittar? "
i //
e gt R |

Using the two sensors with
the wighest S/N ratios, use
triangulation tc fiad the
pusition {and C¥P) of the
 emitter. Filag the endititer
identifled

] + . ]
& o d
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}
t

® ©

9 |
r
Find the bearinz angle (and
error) te the emtter from
the sensor J
* ! Is
‘ No the freqwency’,
>60 MHAz?

Is\\\\
the frequenﬁ\\3
60 MHz?

Yas
{
|

Fiag the targa1
Yes identified
¥ |

Flag the emitter and !
target as identified

Store infor-
mat.»n for
Intel.igenca i L

—
Copy cutput

Write informacion fori
this emitter on the

‘lffntrol Copy

——

\E)
! l
write heading on the

Intelligenice Cony out-
iput

;
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®

1

Do a pseudc-random sort on
the Intelligence Copy infor-
mation stored on disk and
write Ivntelligence Copy out-
put

N

The mailxs rowtize CRESS-S controls the program flow as well

] as amndiing the data tnput. In turn, it calls several subroutines

i that are described in order of program flow. i

i After reading in a path card, CRESS-S 2alls two subroutines

f JISANG, anc¢ TERRArIRM, in order. The purpose of 3uabroutine !
‘ DISANG is to compute the distance betweer a +target and sensor and § :
! : the bearing (relative to north} of the emitter from the sensor. !
The required in?ut consists of the map coordinates of the target
annd the map coordinates of the sensor. The cutput consists of the
distance between the targei and the sensor and the bearing of the
emitter from the sensor. The grid coordinate of the target and !
the sensor are converied to rectangular cartesian coordinates, .
Then the azimuthal angle is computed by taking the arc-tangent

oYX the slope of 3 1ine drawn between the target and the sens-r

and finding this angle relative to grid north. The distance 1is

computed ir the usual way.

Subroutine TERRAFIRM retrieves the 5011 comiuctivity and )
and dielectric constants from prestored tables for later use in

the program. The inputs to this subroutine are the terrain area

'
i
r..'~.+-.u~u» e e b e e A e b e e e e 7 ke . . . - N . — . N Nt e e e e ——————




I

number and the terrain characteristic number. The terrain ares
number is 1 if the scerario is in Eurepe or 2 1f 1t is in South~
east Asia. Tables are not currently available for other parts of
the world., The terrain characteristics number describes the

terruin along the sensor-target path as ote of the followiung:

[

= Fresh water

= Citles

= Smocoth earth; sparse vegetation

= Smooth earth; moderate vegetation

Smooth earth; heavy vegetation

= Moderately rough earth; sparse vegetation
= Moderately rough earth; moderate vegetation

= Moderatelv rough earth; heavy vegetatior

L-T - B I I < I
8

= YVery rough earth; sparse vegetation

et
o
1]

Very rough earth; moderate vegetation

ot
pod
il

Fresh water marsh

12 = Seawater

Afy v reading the path cards for a target aﬁd calling the
three routines described above, CRESS-S determines whether each
emitter at the target is operating. This is done in subroutine
UPDOWN. The subroutine first checks whethe * 211 ewiitere are
assumed to be up (a flag set on the option card) &s shown in
Fig. 14. If not, it selects a random number from a uniform
0 - 1 distribution feor each emitter. If the random number is
less than the probability of up time (read in on Target Card
Form B), the emitter is flagged up, otherwise it is flagged
down and no sensor-emitter calculations ere performe¢ for this

emitter. This is repeted for each emitter in the target.
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Next, subroutine OBST calculates the effect’'ve radio line-
of-sight clearance height (H) along an emitter/senso path, in-
cluding obstacles. The subroutine requires the distanre from the
sensor to an obstacle, the height of the obsiacle, ard the height
of the sensors as input. The output from the subroutine consists

of three quantities: H, D, and MOBST. H i3 the maximum vaiue of

——

the clearances for the two recorded obstacles (a maximum of two)
processed by the program. D is the distance from the sensor to
that obstacle, and MOBST is an index that is determined by whether
there is a multiple, single or a nc obstacie (line-cf-sight)* path.

The main subroutine ATTEN is then called for each emitter-
sensor pair. The purpose of s broutine ATTEN is to control the
steps of the propagation attenuat.on caleculation. Values of the
parameters for the particular emitter and sensur combination are
input., The first step of the attenuation calculation is to call
the transmitting antenna iocutine. Subroutine ANTENA models the

lobes of the antenna., The losses caused by the gain of the

antenna and the aimpoint of iie antenna relative to the emitter
sensor path are calculated., If it is a nonmicrowave emitter, the
calculation proceeds directly to the ground wave calculation
(subroutine GRNWV)., However, if it is a microwave em: tter, the
loss caused by diffraction by obstacles is calculated. The HF
(nonmicrowave) groundwave propagation calculations include ‘he
effects of obstacles, soil conductiviiy, the dielectric constants
of the earth, and fcliage, on the propagction of the radio waves.
If the frequency is between 3MHz and 30MHz, the sky wave calcu-

lation is performed.

If both the groundwave and skywave calculations are performeq,

the propagation mode with the least attenuation 1s used as the

The words "'line~of-sight and non line-of-sight” refer to
effective Radio 1OS. NLOS, which are different than opticai
L0S due to increased refraction eflfects at Radio frequencies.
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dominant mode. Subroutine ANTENA is called again, this time to
model the receiver and the signal-to-noise ratlio to be used for
the hearability test.

After an emitter has been examined by all sensors, the loca-
tion of the emitter is determined, if possible. If only one sensor
has heard the signal, it is possible to compute the direction of
the signal only. If two or more sensors iL.car a signal, those two
with the highest received signal-to-noise ratios are used in the
location calculation. Suuvroutine LOCATE requires as input the
location of the sensor(s), the inaccuracy of their direction
finders, and the target location. If there is only one sensor,
the output will be the reported bearing angle. If there are two

sensors, the output is a reported location and the CEP.

After processing each emitter, subroutine CONPUT is called
to output the Control Copy data on that emitter. All Intelligence
Copy output is stored on a disk file. The Intelligence Copy data
is : subset of the Control Copy output data.

After all targets have been processed, a pscudo-random so>t
is used to select the order in which the data for each detected
emitter is recalled from disk ztorage and printed on the Intel-
ligence Copy output.

3. Input Data and Formats

The preparation and running of the CHESS-S similation are
outliued in Fig, 15, After deciding ou the scenario and deploying
the io+gets and the emitters associated with each target, the
SIGIRT sensors are deployed., The sensor sites are deployed by
persons familiar with SIGINT deployment concepts and doctrine.
They should also have some de.ailed knowledge of the target array

before them, typical of a tactical deployment situatior On com-
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pletion of this deployment eftfort work, thre. decks of cards

(Rpitter A & B, Target A & B, and Sensor A & B) are punched.

Then the Target and Sensor cards are input into program
HRLP, along with a star.cr card for prugram HELP. Program HELP
oexamires all the possible emitter-sensor combinations, printing ;

‘ i
?"' out a tabulation of all likely emitter-sensor paths that can exist s

in the array. The printed output sheet (Fig. 18) contains a complete
E list of all the target sensor paths that must be examined by data
aides. i

This printout is used ps a data sheet by data aides who re-

turn to the map and, for each target-sensor path noted, record

the required path, foliage, and geologlcal data. The results of
the data aides' map work is punched on an additional deck of cards . \
called the path cards. Two additional cards must be punched before
each running of the CRESS-5 simulation. These are the global para-

weters card and the option card.

B it e T S ——

With the preparatory work completed, the six decks of cards

P (Emitter, Target, Sensor, Path, Global, and Option cards) are
: appropriately combined and read by the CRESS-S Program. which now i
runs and produces, on-line, the Control Copy output. Yhen tne

Control Copy output is completed, the TOCPUT suuroutine randomly

selects the reported sensor data, which was stored on disk at the i
time it was printed on the ‘Jontrel Copy, and prints them in the
Intelligcace Copy in a random ordering. b

All of the input to program CRE: ‘S is in the form of one

of the following five car! “ypes.

1 Fmitter-antenna cards
2 Sensor Jdata cards .
3. Target data cards

4 Path data cards

3. Miscellaneous cards

88
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The cards will be discussed in the above order and followed
by an explanation of the deck setup for input.

a, Emitter-Antenn& Cards (F{gp. 9 and 10)

Emitter-Antenna cards are & file of cards describing

the characteristics of variocus emitters that mi ght be deployad.
This file is independent of the scenaric and may be kept as a
library file to e read in at the beginning of each run. The
first card (Fig. 9) contains a description of the emitter, the
minimum and maximum operating frequency (in MHz) of the emitter,
the output power (in watts), and the modulation code. It also
contains tle number of antenna types that this emitter can have.
One card for each of the antenna types follows the emitter card.
This type or card contains an antenna type identification, the
horizontal beam width (in degrees), the gain (in dB) of the main
lobe and the gain (in dB) of the side and back lobes normalized

with respect to thc main lobe.

b. Sensor Data Cards (Figs. 11 and 12)

The ssasor data cards provide information about the
sensor site rs well as a description of the sensor antenna. Since

there is only one SIGINT sensor per site, it is not necessary to

separate the site and antenna descriptions. However, in the case

E
of microwave sensors having di fferent sensitivities at each end of ¥
their curveillance band, a sepsrate set of cards can be used, fg
locating sensors with differing sensitivities a* the same coor- 'ﬁ
dinates 2

inates, !
The sensor cards contain the grid coordinate o4 the g

A
sengor. The grid coordinate consists of a cuadrant descriptor »:
such as MA, MB, NA, ®B., and X and Y coordinates in units of 100 i

#

nieters. e Joneoar altitude is the altitude oif the sensor zite ?
o4
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(in weters) above sos level. Sensor seusitivity is measured in
dBa and 1s used in determining signal hearability. The azimathal
sngle msasurements are all in degrezes from north in a clockwise
direction, Two standard deviations are given; the first ia the
bearing measurcment accurscy of the antenna when used to detect

an emitter al-~g a line-of-sight path and the secord is for a
nonline-of-sight path, In general, the scan angle will hz assumed

to be 360° for all seiisor antennas.

C. Terget Caids (F{gs. 7 and 8)

One ¥Yorm A card is punched for each target. It con-
tains the target ID and a brief descripticn (four FORTRAN char-
acters or less), the grid coordinate of the target, the target
elevetion (in meters) above sea level, and the number of emitters
(not emitter types) at the target. There 1s then one card (Fig.
8) for esach emitter at that target. These cards should be ordered
so that all emitters with the same descriptor are .ogether. The
emitter descriptor and the antenna type should be identical to
one of the emitter aescriptors and antenna types on the emit.ier-
antenna file so that the necessary parameters can be pulled from

this file,

If the uptime flag on the optior card (Fig. 14) is
equal to 1, it is not necessary to input a probability for ur-
time, ctherwise the number should be the fraction of time that

the emitter is operating.

d, Path Nata Cards (Fig. 16)

The tabulated output from Program HELP gives the pro-
bable sensor/targe:i propagation paths to be exercised during the
CRESS simulation run, Frnom this tabulation, data aides return to

the map of the target and sensor deployments to record the followv-

ing dsca on the SIGINT path de--ription lurm (Fig. 16):
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The two highest obstacles, the elevation of these obstacles
(mete "« above sea level) and their distances from the sensor (in
km). Tne foliage path length is the approximate span of inter-
vening tree foliage (in km) along the path., The terrain ares
number is 1 1f the scenario is in Europe, 2 for Southeast Asia.
This number is used to obtain the dielectric and soil conductivity
constants, (The program, at this time, does not have these
numbers available ior the rest of the world.) The terrain along
the path is described by the terrain characteristic nur sr (see
Sec, 11.D.2 for code).

e, Miscellaneous Carvrds

The program option card (Fig. 14) gives the number of
targets and sensors in the scenario as well as the number of
emitter types in the emitter-antenna file., If 1] emitters are
to be up, a 1 is put in the flag word, otherwise a 0. This flag
will override the uptime probability number on the target cards.
An initial random number between 0 and 1 is input so that a run

may be either duplicated or altered as desired.

The global parameter card (Fig. 17) contains numbers
that will remain constant throughout a run. The earth’s radius
correction factor (for r-fraction) is usually 4/3, All of the
nvmbers on this card are used in the skywave and groundwave cal-

~ulations in the attenuat.c.. subroutine.

f. Deck Setup f.~ CDC 100 Computer, Program CRESS-S

rigure
Ovler Type o1 “ards Containing Format
1 COOPF countrol cards Computer Center
2 YORTRAN program deck for CRESS-3
3 A cerd with 7, B, and 9 level
punches in column 1
4 SIGINT ontion card 1
9

4
*
i
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S e e e :IM

Order T'ype of Cards Figure
Contaicing Format

5 SIGINT global parameter card 2
6 All emitter-antenna card formg

A and B 3, 4
7 All sensor data card forms 4

and B 3,6
8 Target card form A for first

target 7
9 Path cards for target 1 9
10 Target csrd forms B fcr target 1

{one for each emitter) 8
11 Target card form A for sc~ond

target 7

.
.
.

A card with 7, 8, and 9 level
punches in column 1

A card with 6, 7, 8, and 9 level
punches ia column 1

g. Deck Setup for CDC 6400 Computer, Program HELP

Y O TR e SR TN

- . Figure
Order Type of Cards Containing Format
1 SCOr” control carde Computev Ce.ter
: 2 FORTRAN program deck for HELP
3 3 4 card with 7, 8, and 9 level
?_ punches in column 1
i 1 HELP starter card 13
L % 5 All emitter-antennc card forms
.3 A and B 3, 4
§ (<] Al sensor data card forms A
g and T 5,6
7 All target card forms A and B 7, 8
& A card with 7, 8, and 9 level

punchas 1n column }
L card with €, 7, 8, and § level
punchies in column 1

M HATRYR, T AR
w
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4, Computer Output

There are three types of output provided from the SIGINT
model. The first (Fig. 18) is from Program HELP. It is to be
‘ used by the date aldes while obtaining path obstruction data

from the map. The seccond type of output (Fig. 19) is the Coutrol
Topy. Tkis output records all sensor-emitter interactions. The
third vype (Fig. 20) is the Intelligen-. Copy and contains the
collected data operationally available from an array of SIGINT

collection sites.

a. Progran HELP CQutput (Fig. 18)

The output from HELP contains a tabulation of the

target/sensor paths that wmust be examined on the map. The items

that must Lo added by data aides to this output (ana then key
punched as paih cards) are identical to those described for the
Path description form (Fig. 16).

b. Control Copy Output (Fig. 19)

The Tontrol Copy output is ordered target by targe:.
The first line contains the target ID number, the target descrip-
tion, and the actual target location in map coordinates. Next,
each emit . er at that rarget is described. ACT is the activity
factor of the emitter and is the same as the assigned uptime
probability number on the input. 1ID is either YES or NO, de-
pending on whether the emitter was identified. RPT LOC is the
reported location ¢f the emitter. This is the location that also
appears on the Inteiligence Copy. Tho CEP implies the inaccuracy
of this location in meters for the geometry of the two sensors used
in LOCATE. For each sensor there are three pieces of information
Ziven, First, a 1 or &8 0; 1 means that the sensor heard the

signal, O means it did not. Next there is either aa I. or an N;
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L means that the propagation path was radio line-of-sight, and

N means it was nonline-of-sight (due to obstruction or skywave),
The two sensors flagged with an * w.re the ones used to calculate
the reported emitter location. If only one sensor heard the signal,
the RPT LOC column will contain the reported bearing of the signal
(degrees clockwise from north), and the CEP column will contain

the 1< srror of this measurement; the ¢ corresponding to LOS or
NLOS inaccuracies. If a target is identified, this will be noted
(YES).

c. Intelligence Copy (Fig. 20)

The Intelligence Copy output is a subset of the Contiol
Copy output, The emitters are listed in z pseudo-randow order.
If the emitter has been identified (only microwave emitters are
identified), the emitter ID will contain the emitter description,
otherwise it will be blank. The location is the reported location
shown on the Control Copy. The information given for each sensor
is the same as the Control Copy except that it is not noted whether “?
the signal was a2 line-of-sight path. %

3, Computer Syster Corsiderations é

CRESS5~S was written *o run on the €DC 6400 computer. It is -
written in FORTRAN IV and could be rua on the CDC 3300 or other 5

large-scale c¢omputers with minor modifica.. ns. The input is all

punched cavds ond ne tapes are required; however, iandom access I

daisk srorags 1< needed.

The program is currsatly limited to 30 sensor sites and 100
egnltier~antenna types, There is no Ilimit on the number oi targets,
The program 1s designed to run on a computer with only 32K words
of core storage; however, at this time it has orly veen exercised

on a CDC 6400 with 131K words of core storages.
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The sample sceuario being used to evaluate the program con-
sists of 186 targets. Approximately 10C man-hours of data side
map work geaerated tlie dote required for the path cards, and
approximately 16 man-hours were used in punching and checking
the 1300 path cards. The omitter cards required approximately
12 man-hours to pun<h and check. The target cards required
epproximately 8 men-hcurs to punch and check. This case ran on
the CDC 6400 in approximately two minutes of processor time, pius
printer time.

6. Discussion

To conclude this description of the SIGINT model, CRESS-S,
some discussion of the deveiopment, use, and limitations of the
model is pr.-ented together with some ideas for future additions

and extensions.

Past SIGINT similations developed st SRI have been essentially
manual, with the computer used only for elementary data sorting
and tabulation functions. The present mocel is an extension of
this carlier work. The propagation computations have been pro-
grammed for the computer, using for tue most prrt the propagation
model f the ACCESS simulatien, %While 2 nuimber of minor pro-

g wming errors in the ACCESS model have bian corrected, & gond
number of the propagatiun equations used have not be:n checked
against original sources by SRI, but rather have been assumed to
be currect if the ACCESS progrem listing agseed wi.a the written
gquar. "ns in the ACCESS program m nuals and flow charts. The
accuracy of the propagetion model uszed has been verified in =
number of the test cases by compai.~» th:o computer program cu’~

put with the results of hand caicua. tions,

CRESS~-5 relies on interaction between the analyst and the
computer an! requires a considerablie smount of detailed pr-r ra-

tion in generating .arget ares data, Adeploying the ZIGINT sensors,
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providingitochnicnl charu. “~ristics of emitters and ssnsors,
deriving terrain profila data from maps, snd providing ionospheric
and terrain characteristics data. These manual operations are a
strength of this model in that they forcc the analyst to consider
in detail the validity of the input data he is providing; they are
also a limitation of the model in the sense that thc pesople pro-
viding these inputs must be familiar with the technicsl aspects

of electromagnetic piopagation and SIGINT deployment and opera-
tions, ounce the appropriate input deta for a particular scenarioc
have been provided, the model can be exercised easily and reliably
by people who are familiar with the computer operatiocns but who
may not have the technical skills required to provide the inputis.
If any charges are required in . he type of output or the way in
which the output data are presented to satisfy particular user
requirements, (e.g., bookkeeping and data tabulation functions)
these can be made by an experieunced progracmer with only a mini-
mum knowledge of .» technical aspects of SIGINT. However, if,
for some reason, changes in the technical or computat’ onal parts
of the program are called for, it is suggested that the SRI per-

suane. who develcved this model be consulted.

There are a number of relatively straight forward additions
and extensions to the program that should be made to provide in-

:reased capabilities or greater accuracy and convenience:

1. The SIGINT model is in need of an extension
to include moving arrberne =enscer platforms.
The rresent airborne platfc—ms are modeied
by assigning *' > sersor altitude. While the
addi *1or of moving sensor platforms is straight-
forward in concept, it will increszse the com-

plexity and ruuning tig2 of the nrogram consi-
derably.
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2. The alternative of using available digital-
type terrain models with the SICINT and per:
haps other sensors should be provided the
user to increase the options at his disposal.
This alternative would reduce the amount ol
data aide assistai e needed for map work, but
would increase the program complexity, running
time, and computer storage requirements,

3. The propagation equations used in the model
should be revised to include the results of
recent research on jungle propagation effects
which exhibit considerable differences in
attenuation, particularly in the HF range,
Furth::rmore, the prcnagation equations should
be sxtended to include the case of horiz.atally
polurized signa.s.

4, 'fhe present SIGINT model uses . simplified
antenna model tl. it assumes the vertical
antenna beasmwidth is 20° for all antennas.
this model limitation will need to be realis-
tically updated when SiGINT sensors are used
in highly «levated modes, such as moviug air-
borme platforms.

There is sn additional group of program modifications that
differ from those in the preceding paragraph in that their imple-
mentation is not a2 straigh¢forward matter of programmine aveilable
information. but rather requires additional research efforts to
derive the necessary idput information. Program mcdifications
fitting into thie category are the following:

1. The present SIGINT nodel usgss a simiplified
appreoach to the question of emitter and tar-
get identification, Additional study ia this
area i8 called for to make this part o»f the
model more realistic. Thas extension will be
of increasing importance vhen CRESS is used to
provide inputs to a wmodel o. the inreliigence

processing tuncti. s that take place at the
TOC
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3. Another serious deficiency in the present
SIGINT mode]l as well as in the collateral
sansor models is a lack of provision for
electrouic warfare activities. The models
should be modified to inciude the effects
of paseive and active ECM and consequent
degradation in sensor perstoruance. Such
an extengion would also permit the inclusion
of radie frequency interference from friendly
or anbient emitters.

3. The SIGINT medel should “e extended to provide
realistic patterns of emitter activity. These
patterns can be used to provide a sense of the
time st which Intercepts occur asnd to give &
basis for wodellng delays incurred in con-site
data processing and data dissemination.

In sing this model it must be remembered that the propaga-
tion equ tions are basec on long-term average effects without
consideration for fading., Additional sophistication of the model
to determine e eifects of fading on datectiun probability wculd

increase the accuracy snd reliability of the output.

It w111 e appirent that the present model treats the inter-
action between the SYGINT end collateral seisors in a ver~ simple
manner, While extensions sould p.~hohly be of major significance,
it oust be em."asized that any <uch improvements wilil require a
great deal of prior rescarch efjort to generate and evaluate
poten.ial ways in which this interaction can take place befgre

thelir inclusicn i1 a wodel can ne meaningful.
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E. Data Preparation

There are three general ty,- ~f data that must be <ollected

and put int¢ the correct formats: 1) data derived from maps and

the scenario description; {2) technical uata describing the sen-

sors, position location systems, platforns, and comnunication

links, and {3) sensur depioymert data. Collection and preparation

of the data of the first two types sho. d proceed concurrently.

After the targets ar deployed, the .c¢nsor systems selecte” and

their characteristics ascertained, the sensors can be deployed.

1. Map and Scenario Data

a. Master Form

The first form that should be completed is a working

"mg~ter" form, which is to be filled cut and used by the scenario

writer while he is deploying the targets. Several of the forms

for tabulating data for the keypunchers will be filled out from

v

this master form. Figure 21 is a sample of the master form.

TS

Additio; al fields of information may be added to this form at

the descr=tion of the =~enzrio writer, and fields 2, 3, 13, and

16 ey be a-leted .f desired, but {ields 1, 4, 5~12, 14, and 15
must be included since data in these fields will be used as in-

put data for CRESS.

When the data .5 the master form are rranscribed to

other forms for keypunching, extreme care must be taken toc ensure
that the transcribed data actheve to th- _.plica*ie format restric-
% tions. Thus, it is preferable, bul net mandatory, hat tte data

entereid into the master fomm also be i the requived format (see

Table 6 fcr the regquived fermat).,
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Table 6

FORMATS FOR MASTER FORM DATA

L IR T B e Ay TR I R AR

a/
Field Designation Type— Explanation and Restrictions
1 Target A 4 FORTRAN characters or less,
identification left justified
2 Target - Descriptive material,
description no restrictions
3 Unig - Descriptive material,
degignation no restrictions
4 Loceation £,1 Grid coordinates, 2 letters
followed by 6 digits
5 Wezpons iA Mumbers and types of weepons--
weapon names limited to
18 characters
6 Vehicles I,A Numbers and types of weapons--
weapon names limited o
18 characters
7 Personnel 1 Number of personnel sitached
8 Radins . radars I.A Numbr and types of radios,
i raders--names limited to
] i8 characters
E
9 Giher objects I,s Number and types of objects—-
nemes limiited to 18 charscters
16 Posture ¢f men X Refers to row number in posture
array~ for different types of
tactical targets
105
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Table 6 (concluded)

Pield Designation Type Explanation asnd Restric*ions
11 Percent of objects I Percent of nonpersonnel objectr
under nets camouflaged by nets,
between 0, 100
12 Natural camouflage X 0 iadicates ncne, 1 indicates
elfort to blend into background
12 Target radius 1 Indication of area target
- occ\pies, meters
14 Terrain type I 1 indicg}es smooth, i~rolling,
3~rough—
15 Speed I Speed of target ir kph, maximun
of 999
i6 Activities remarks -— Space for notes
a/ . N o . .
-~ A indicates left-justified alphanumeric entries.
I indicates right-justified integer entries,
b/ .
=~ Fo.o each type of tactical target, the posture srray
(see Figure 22) hresks the number of personnel attached
into the numbers of personnel standing, prone, in
trenches, in fox.oies, and covered in equipment or
buildings; it aiso indicetes the percent of men in
each of these classes that are covered by nets,
c/

The definitions of ihe .hree allowable terrain types

are in Tablie 7.
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In both the CRESS-A and CRESS-G, probabilities of |
detection, recognition, and identification cre calculated for
each type of object in a target covered by the sensor. Thus,
objects that are of the sar~ general type but differ significantly
in size should be grou,»d separately when the target composition
18 being spe~ified on the mavter form. This is necessary if, for
example, it is desired that the simulaticn produce a probability
of detecting a 20-ton truck that is different from the probability
for detecting a 3/4-ton truck by the same sensor under the same

conditions.

The limitations caused by array sizes in CRESS must be
recogrized when th~ composition of a target is being prescribed.
Each tactical target can contair not more than 19 object types,
exclusive of radios;* “here can be up to 999 of each object type.
If meore thar 3882 are required for 2 given target, it . permissible
to count each group of 999 (or fraction thercof) of the object

type as another object type.

Two objects are of difieren: tvpes if any characteristic
imnortant to senscor performance is different for the two (e.g.,
a prone man is a different object type than a standing man since
the heights are considerably different). There is an option
available that makes it possible to have the computer assi,.. a
stance to each of “he personnel attached to a tactical unit (targe?)
acc rding to a posture avray (see Fig. 22 that indicates the per-
centage of personnel in euch stance for any given posture of the

target. If this option is used and personngl is one of the object

# Radjios asre usually contained in vehicles or buildings, so that
they are listed for SIGINT model use only.
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types in & target, 14 is the maximum number of object types

allowed. This is usually enough; however, if more object types

are required for one target the target can be processed by

i splitting it into two targets and giving both targets the same

location.

L. Object Characteristics Form (Fig. 23)

The next form that should be filled cut is the "object
characteristics” form as shown iu Fig. 23. The steps in filling

out this form are:

: (1) Make a iist centaining e.c» object

! type tr... occurs in the 1 -ster form.

; (2) Rearrange this list of object types
into groups o object tyves that

: belong to th. same recognition class
and assign 2 nawe (S 18 . haracters)
to each recc:nition clas. .

(3) Rearrange “gavit:ing recognition
classes 1ut . Cips of recomnition
classes th 2tk 0 the same de-

tection ¢l .. and "ssign ~ e (=
18 characte <) to eu~h dei Lica
class.

(1) Assign consecutive mumb~ 5 o ne
resulting rist o~ objec. . mes,
starting with the number .

- ——

(5) Assign copnclcuiive gumh ‘o LY
resulting list of rocogrtt »n
classges, startioag with ..¢ _umwer |.

{G) Assign consecutive numbers (o the
resulting lisi of detectson classes,

starting with the nu ex I

{/) Assign :hse appropr > characteristics
to each object tyy

The primary reason [or gv aping ol je toues Into
recognition c¢lasses, ~nd those viasses inte deu Lo groubs, s
ilg
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to provide a method for rerorting sightud target elements on the

"Intelligence Copy at a level oi uetall consistent with the perfor-

mance ol the sensor (e.g., if a T-62 tank is recognized then it
should be repcrted as a tracked vechicle, not 2s a T-62 tank).
Another reason for having recognition und detection classes is to
allow the simulation of misidentification and misrecognition of
objects. A recognition class is a group of okject types, any one

of which is likely to be aisidentified by an image interpreter

as anotner cbject type in that same recognition class. Similaily,

a detection class is & eroup of recognition classes that are
similar enough to each other that the image interpreter may mis-
take any one of them for any cther recognition class in the same
detection class. The user may grou the object types to form the
recognition classes (maximum of 40) and the deteciion classes
(maximum of 10) in any manner he chooses. However, he should

be aware that if a recognition (detection) class contains only

one object type (reccgnition classj, that object type cannot be

misidentified or misrecognized. Appendix A provides an example of

an extensive list of object types that are divided into recogni-
tion classes and the resulting recognitioi: classes .ivided intc

detection classes,

Most of tvhe object types occurring in a target are

given in Appendix A. If they are found there, the characteristics

cap be transcribed onto the object characieristics form. If an

object type to be used does not appear in Appendix A, the user

must supply the characteristics. He can do this simply by suppiv-

ing the dimensions of the object type and by using a similar ob-

Ject type that do2s occur in Appendix A {or the ‘maining chk-rac-

teristics.
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The entries for average probability of misidentification
and misrecognition for each of the objects in Appendix A were
assigned by Mr. Christopl!cor Nosworthy of Stanford Research Insti~
tute, a systems analyst und experienced image interpreter. Al-~
though these numbers reflect his best subjective judgment, Mr.
Nosworthy feels that experimental work with image interpreters

is needed to fix these values more accurately.

The column labeled multisensor classification refers
to the row number for the object in the classification system
(see Table 4) that Honeywell (Ref. 1) used in developing the

multisensor enhancement model that is being used in CRESS.

c. Detection and Recognition Classes Form_ (Fig. 24)

The detection and recognition classes form shown in
Fiy.24 is filled out for keypunching by listing the detection
classes in order and then listing the recognition classes in
order. It is important that each .f these 1lists be numbered con-
secutively, starting with the number 1. The maximum number of

characters permitted in a descriptor is 18.

d. Posture-Men Arruy (Fig. 22)

To generate the posture-men array (Fig.22), make a list
of the types and postures of the targets in the scenario. Number
the entries in this 1list sequentially starting with the uumber 1.
A maximum of 16 different target postures are allowed. For each
target type and posture in the list, prescribe the persentages
of men attached that are in each of the fecllowing stances: stand-
ing, prone, in slit trenches (or presenting equivalent viewing
area), and in foxholes. These percentages do not need to sum to
100 since some men may be in equipment or buildings (ancd thus they

will be undetectable by the sensors). In addition, for each
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indicated stance of the mer, assign the percent of the total

rumber of men attached that are under nets.

The first two columns of information are for identifi-~
cation purposes only. The percentages are the only entries punched
on cards. Thus, it is important that the target category numbefs

be assigiied in sequential order starting with the number 1.

e. Targe: Object Form (Fig. 25)

After alil the different object types in the scenario
targets have been assigned numbers as described above, the target
object Zorm shown in Fig.25 can uve filled in for keypunching.
This task, with the exception of filling of column 2 (target
posture) is simply a matter of tramscribing “<he carge* identifi-
cation, and for each nbject type contained in the tairge¢, writing
down the object type number and the correspondirg number of
elements of that type in the target. Column 2 is filled in for
each target by assigning the identifying numter of the posture
in the posture-men array that most nearly describes the pasture

of the target.

If the option of having the machinz assign siances to
the personnei is not desired for a particular target, that target
should be assigned the posture that assigns 100 percent of the
personnel to the standing stance. In this case, it is permissible
to have men in any other stance (e.g., prone) as a separate object
type, sirce the computer avportions standing rersonnel caly

according to the percertagee listed in the posture-men array.

f. Target Variuble Form (Fig. 2¢)

The information for the target variable form shown in
Fig. 26 is derived from: (1) personnel writing the scenario and

deploying the targets, and (2) map features. As the scenzrio is

145



KHOS SLIALHO-LITIVE 62 " 31d

j 7
|
'
| < . ] _r —
m < < v |19 (8 Joele [81] 11 9 |
; < st j1el2 |22 Vv S
: AI
i < T [ev it Jer U JT1U 201918 |61 € (09, ¥ v
w T [ < < s ge f1o |t Jez[g |81 11 | ot
: < < 9t 119 | . joz |z l81l 11 ac
_ < < 9e [ 1 oz |z |sU| 11 . ve
! < < c j1slt Joz |1 joe} 1t £ ©
: N < ze e 8t 1 04 ~
< < ve l19le oz |z |81 1 1304
< < _leelrsle (8T} 1 vZ
< vl |t logf 1 Z
. < Foor deeltelz Tet] o1
< < v (tlze sz |RT] 1 1
< ' 1 [z |vwlwofz j81]e Joz]| 1 V1
; <l < T Jugvr [wit Joe| 1 1
1 — :
* BEN <TH] L Nl N o Nl o[ KT [Nl R[ LN 7] oam [onar
61 < __8 2 9 S y £ z U |-s50d1123am1
4@ AAIIV A» Bs 9 P9 PSS fc B pv Dy pBe pBE Bz b2 9z o1 ¥1 |8 v 1
_ i3 _A Asla xfryrprprp b rpaloga v

(1L 3di) 70 s310afag 40 xaquny = N !2dLL 20a30qe = L)

Py e s [V RPN N ol A o ke bt B o L et Yidatia O Al o ate e e S




r i.@,f«?“ A.“:\wvmm,.i._,.a?nknmmﬁx@w:u.",:. I IR Y ' . .. . , . o &

. MuGE TIIVINYA JAMYL 92 " 3v4

(0°vdz '€I "ZX ‘€I ‘XS ‘v ‘ZI ‘9IC ‘X9 ‘SI ‘ZV ‘NI ‘bPV ‘XT ‘ZI) ILvmNO4
‘uam uwygl a3%30 s323(qQq0 J0F SIIN -

/e
T 7 _ ]
™~
—f
i
i
: DA ¢ 01 v (o) (o] (114 € (124 o€z 11 00z 11 0ot GESHL L L tos 91
oy N ) 1 oL " 6 £ 00811 00z 11 oze GLEOV L e 20¢ vl
) (108 ¢ [t R ¢ vi L4 Us 66 [ O0BTY 0IzZ 11 osg 29€8TL &R 106 PY
; uodn pax uod H
! paIvl n o paary Teaning{ —s1aN Y
H 30U ‘uaAayS® ‘uaayd ad L] f /e CAQD AL (ydx) oWyl AwyL () woT185 3 ‘arx din
" o .
_ LYy 03 aI1y) oy ‘paxg ‘Bap |uysaaall paasds | teUYd | YwYIYUY) AT " Al R 331 )
{ . aBuyjnowmu) % .41
i Li1vsuadoad | L3ysvadoayg .
9 €9 €S 96 ¢ ;14 ey av £, (4 ZZ 91 g viz
ﬂ. u I i 3 1 | 1 1 T | 1 1 v i v i
!
i
ke SR ¥ AR Miilss uns, OB L ¥ sk s S WM o i MU s v i T3 6B i B e s TSR S o U

Sl = A A R Sl et BTIIRS et




3 SN A, W PO SN P2 e o e § e - = 3 b VIR S M, WS W ATV N T 4 S e B e 7 % o

developed, an overlay depicting the targets on the map should be
produced, and the targets should be sesigned identifications for

the computer (a meximum of four characters per target ID). It

is suggested that similar designations be used for related targets,.
Por examp'e, 24, 24A, 24B, and 24C ~ould bhe u. - as desigaations
for a rifle company and its three platoons. Simjlarly, if u«

tactical target move and occupies three different positions

during the period of time bLeing simulated, it must be treated

i as three targets in the computer. Assigning similar designations
; to these three targets (for examplgf’57P, 57Q. and 57R) will azid
the analyste.

The person deploying the targets must specify:

{1) The time tbhat the target is at the
location g ven

(2} The speed of moving targets

(3) The percentage of objects (other
than personnel) covered by camou-
fiage ncts

(4) Whether natural camoufiage (e.g.,
shrubbery, dirt) is baing used
{0- -not used; 1--used)

(5) The probability tuat the target
would fire back at an aircraft
firing in the target's general
direction (this is needed only if
reconnaissance-by~fire is beinz
played)

(6) The probakility that the target would
fire on a reconnaiszance aircraft
(this is needed only if the option
for playing attrition is being used).
The remaining fields of informaticn are filled in from
the mar. The target group number is read from an overlay that

preferably is drawn after the initial flight plans have teen
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developed. Assigning targets near each other tuv the .ame group

is necessary to keep the computer from processing every target
when the sansors are turned on in an RS area in one small part of
the entire region being considered in the scenario. The divi'ding
lines csn be drawn in such a way that the areas of the résulting
groups are similar to political boundaries in the United States
(i.e.., gerrymandering is allowed) if desired. The guiding princi-
pal ip drawing the dividing lines is that the computer should

have to process g5 few targets as poesihle on each flight. The
maximum number cof groups permissible is 40. There must be at
least one group. Gioups containing 20 to 30 targets (although

any number S 750 is allowed) oriented so that most of the RS areas
will reference only a few of these groups is a good trade-off
between maproom work and computer time. After the boundaries

for the greups o+ drawn, the groups may be numbered in any

order on the m- 3; however, it is mandatorv that the numbers start
with 1 and be cunsecutive, After the target variable cards are
gunched thcy must be ordered by ascending values of the group

numbers.

The elevation above mean sea izvel (in meters) should bLe
written onto the - . for eac* “zrget. The terrain in the vicinity
of the *ar-i. must be classified as smooth {code 1), rolling {(code
2y ur rough (code 3). Definitions of smooth, rolling, and rough
tev.ain are stated in Table 5.

The vegetaticn coverage for the target represents the
percentaze {no decimal point) of the target masked to an aerial
observer by vegetation. This is determined by ascertaining (from
the map) the percentage of the target area covered by vegetation
and considering the posture of the target. A subjective judgment

to determine the percentage of the target taking available cover
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from a reconnaissance aircraft is then made. This vegetation

coverage figure is used only in the aerial sensors model.
The background type number is assigned as follows:

(1) Assign consecutive numbers (starting
at 1) to each background type found
in the legend of the map (1:50,000
maps are essential, 1:25,000 or
larger are desired). 1t is sometimes
desirable to assign numbers to back-
grcund tynes that do not occur in the
legend (e.g., concrete for aircruft
cn runways).

(2) Where tlhe target area contains more
thar one type of background, assign
the number of the predominant back-
ground type to each target.

g. Background Characteristics Form (Fig. 27)

S~

The contrast between objects and background is comﬁﬁ?ed
from the ~h -acteristics given the background characterigstics form
shown in Fig. 27 and the object characteriastics form. Charac-
teristics must bz supplied for each of “e backgrcund types usad
by the deployed targets. Appendix A contai .s a 1ist of commonly
oééurring background types and the corresponding characteristics.
If s'background type is encountered that does not occur in Appen-
dix A, the materials forming the background should be ascertained
and the recuired characteristics looked up in the references for
Appendix A. If this fails, the numbers will have to be approxi-
mated, based on those of similar materials with known character-

istics.

The background types must occur in consecutive order,

starting with type number 1.

Appendix A contains the definitions of the reflectances

used on this form.
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2. Technical Deta

a. BSensors

Each type of equipment that can be simulauted in CRESS
is descrihead parametrically in the models. The appropriate char-
acteristics of the sensors to bLe sinulated must be determined and
keypunched, With the exception of t}re SIGINT senscr models that
are aew, the sensor models in CRES8S are essentially the same &as
those in the models from which CRESS has evolved. Appendix I
contains the characteristics of most of the sensors that have
bsen simulated by CRESS and its predecessor models. These char-
acteristics are listed in the correct format for keypunching.

The definitionas of each of the parameters are found in the sensor

model descriptions contaired. in Appendix B.

Whnen a sensor to be simulated is not listed in Appendix

I, it i8 necessary for the user to determine the required charac-

teristics. If the sensor is in use or being developed, the engineers

of the manufacturing companv cuan easily supply the necessary data.
If it is a sensor that is forecast for future use, engineers in
companies engaged in research and development o€ that type of sen-

sor should be able to supply the required parametzrs.

Wheneve: two or wore sensors cover the same target,
there 18 a potaitial for producing more informaticn than could be
collected from the independent use of the sensors. The table of
enhancement coefficients for the multisensor enhancement submodel
is in Table 4. The enhancement subiiodel is expleined in Section

J1.B.8.
b. Alreraft

The oaly parameters needed for =ach type of reconnais-

sance aircraft are speed, altituae, mean time between fallures

122
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(MTEF), and vulnerability to fire from AA weiapors. The flight
planners will supply the speed and altitude for each flight. The
MTIBF for a reconnaissance ajrcraft is defined here to be the mean
time between fajilures that woul. cause the mission to b= aborted.
These failure data are necded only if the option to play noncomtat
failures is selected. Sources for MIBFs for Air Force reconigis-

sance aircraft and their subsystems are Refs. 4 and 5. Figure

28 depicts the form for aircraft MIBF data. The alrcraft types

should be number2d consecutively starting with number 1

Vo AR VR R RS S

A R
6 17 21 é
MTBF
Aircraft Decignation (hours) ;
ov-1D 70.
a 2 UH-1B 80.
3
4 3 RF-4C ) 50.

! FORMAT (5X, 3A4, F4.0)

E Fig. 28 AIRCRAFT MTBF FORM

., Air Attrition

I attrition caused by enemy ground based AA weapons

o L, P A

is to be played, the attrition probability form shown in Fig. 29
must be filied in. The attiition submodel used in the ae.ial
nodel, is a simple stochastic model based on the aversage capability

of a given type weapon to shoot down a given type of aircraft.

T ORI L

“hese average values can be obtained from more sophisticated
¢ attrition models, or from fieid cata if the situation being simu-
lated is similar to real battles for which attrition data exist.
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The probabilities used in checking CRESS wer. duy( s Yrow %o deod
PACE (Ref ).

It should be noted that in developing - v soaanyio
it is not always deeiruble to list all of the 0%y .'< in 3 1o wed
For example, if the target is an airfield, it will - sv:eoia @
large number of object types and probably & conside: “:le aurber

of AA weapons. Ins.ead of listing each weapon type,. ':i. ion

v

can be played in CRESS by assigninrg an apprepriatsly 1i uv
attrition capability to object type "airfieln” i:. the st ~iti.=

capability form. A maximum of 30 different cbiect types . v i

o

assigned attrition capabilities. The columns labeled 1,

., 13 refers to the correspondingly numbered aircraft in F.. #

d. Aerial DPata Links

The required ijaformation for each type of datz link

used for transmitiing sensor imagery or reports is a aumber to

I R RN R DR TINE SR LTS YRR

designate each type data link and the MIBF for each type data

iink. Figure 30 depicts the form fur aerirl sensors' daca links

EiaA

and Fig. 31 shows the form for ground sensors’ links.

%
g‘ e. Grou-d Communication Link Failure Form (Fig.3l)
; Jt is assumed that ground based eguipment that failis
% can be repaired or replaced and myt back in service. If the
option to play equipment fajlures is used: (1) the MTB¥s for the
S cémmunication lirks to OPs and patrols, (2) mean downtime, and Yi
i (3) -tandard deviation of the downtimes must all be specified. : 1f
? Each lipnk is failed according to a swsple from 7 Poisson distri- . {
éi bution with the specified MIBF as parameter. T - amount of time i
% the lirk rewains out of service is ~‘mulated kv drawning a normal ;;
% deviate from the normal distributirn . rroerived by the specified ;

mean down time and standard deviation.




I A R
3 20 24
No. Data Link MTBF (hours)
1 ARC 52 90,
2 ARC 27 50.
}
FORMAT (20X, F4.0)
Yig 30 DATA LINK MTBF YORM
R | R R
27 35 43
Mean down Standar® cdeviation
Link .
. MTBF time of cown time
Numbor |
‘ ! {hours) (Epurs)
i 50. 2.
2 50. 2. i.
|

" FORMAT (20X, 3(F7.0,1X))

Fig. 31 GROUND COMMUNICATIONS LINK FAILUREF FORM
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f. Time Delay Pactors Fore (Fig. 32)

It 1is sesumed that operatore for all ground sensors
will have a communication link directly to the intelligence teaw,

80 no time delay is simulated for ground bhased seasors.

The aerial model provides for simulating the amcunt of
tine from overfliight of a target to the delivery of interpreted
data (sbout that target) to the intelligence team. If a2 data
link is not aveilable for a sensor, the remaining flight time
and imagery unlokding time are caiculated in piace of tire data
link transmission time. Tiwe for imagery handling and preliminary
processing is added in. . owever, the largest amcuits of time
added in are usually for the image interpreter and the subsegueas
report to the appropriate iatelliigence units. There two times
are simulated by sampling normel distributions that are specified
by means and standard deviationr 3. cribed by the user for each

airborne sensor.

The imape intavpioter times ¢iven for camesras in Fig.
31 were derived irom an exveriment that Mr. Haroid lgrtinek
arranged at to® U.3. Army Bshavicral Science Research Laboratory,
Washington, 0.0, A cluss greduating frow the Image Interpreter's
Course atv fort dolalbird wsiterpreted tactical photo imagery of
Nortn “iotpaw. The pnean “iwe per frame was 9.213 minutes for the

class; the slinde>d deviation was 6.698 minutes.

The ocher times given in Fig. 31 are best estimates.
Although Fig. (X li=sts only one sensor of easch senscor typ:, theve

mist be a row of information fur each uerial sensor simulated.

g. Aerial Navigatiou Systens Form {Tig. 33)

Models are providea for the types of navigstion systeus

iisted in Table 3. The parareters icr each navigaticn sysiem to
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being simulated.

be zimulated must Le entered into the form depicted in FPig. 33.
The paramsters required for each type of navigation system are

listed in Tebies 9 through 17.
obtsined from manufacturers of the type of navigation systems

Table 8

/
NAVIGATION SYSTEMS MODELEDY

The necessary parameters cen be

Type of Kumber

Type of Navigation System

SO —

a/ See Ref.

1

2

Inertial

Doppier

bDead Reckoning (DR)
Rho-Theta

Hyperbolic

Direction Finding (DF}
Ranging

Mapmatching

7 for description of models.

h. Navigation Systems HMIBF Form (Fig. 34)

A WIBF must be specified ior each navigation system being

naissance aircraft can be

130

O

*» simulated if the option f r playing equipment faiiures is selected.
MIBF information for nav:'gation systems in U.S. Air Force recon-

found in Refs. 4 and 5.
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Table 9
SIMPLE INERTIAL NAVIGATCR PARAMETERS
ical
Flelda/ Definition Typie
Value
1 Type of incrtial system (1~ simple, 1.
: 2~ sophisticated)
; " 2 1 0 error in setting imertiasl system S,
at airport (reters)
3 Altitude coefficient for I ¢ errvor of .05
inflight updating (percent/100)
; 4 Drift rate of sysiem (meters/min.) 5.
k
;

a
&/ Corresponds to field numbers in Fig. 33.
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Tablz 10
INERTIAL NAVIGAYOR PARAMETERS

2 o ical
bre1e?’ Definition Typte
Value
1 " Type of inertial system 2
-6
2 Gyro1 drift rate (radians/sec) 1. X 10
~4
K Gyro2 drift rate (radians/sec) 5. X 10
2 -6
4 Accelerometer1 drift rate (meters/sec ) 2. X10
-5
5 1 0 error in initial leveling of platform 5. ¥ 10
along longitudinal axis (radians)
-5
6 1 g error in initivl leveling of platform 2. X ic
elong transverse axis (radians)
7 1 O error (longitudinal axis) in setting 5
inertial system ut airport (meters)
8 1 0 error (transverse axis) in setting 5
inertial system at airport (meters)
9 Altitude coefficient for 1 ¢ error of 03
infiight updating (percent/100)
i)

g
= Corre:zponds to field number in Fig. 33
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Table 11

DOPPLER NAVIGATOR PARAMETERS

a
rie16Y] Definition Typical
Value
1 1 0 error in setting Doppler system at S.
airport (meters;)
2 Altitude coefficient for 1 & orror of .08
inflight updating {percent/100}
=1
3 B - bandwidth of noisze (sec ) 1/380
4 Doppler sensor 1 ¢ error along track . 00408
] Computer 1 O error along track . 00225
6 DoprLier sensor 1 ¢ error across track . 00445
7 Crmputer 1 ¢ error across track .00225
a/
= Corresponds to field number in Fig. 33
~ble 12
DR NAVIGATION PARAMETERS
Field™ Definition Typical
; value
1 Altitude coefficient for i1 @ error of .08
inflight updating (percent/100) 5
j 2 1 ¢ error in direction resolution (radians) .035 bﬁ
' 3 1 & error in velocity (meters/min.) 80. i%
&
2 Corresponds to field numbers in Fig. 33 -
133 ;
1




Table 13

REO~-THETA NAVIGAZIOM PARAMETERS

74
Fields/ Definition Typical~
Value
1 1 o error in station location (meters) 5.
2 i o error in direction resolution (radians) .035
3 1 O error in range resclution (meters) 30.
4 1 O error in altitude resolution (meters) 20.
5 x coordinate of station with respect to -
origin at lower left grid corner
(meters)
6 y coordinate of station with respect te -
origin at lower left grid corner
(meters)

a
-/ Corresponds to field numbers in Fig. 33.

-/ Typical values for g:ound control radar.
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Table 14

HYPERBOLIC NAVICATION PARAMETERS

b1e16®/ Definition Typical
Value
1 1 o error in station location (meters) S.
2 i 0 error in time difference measurement, .8
slave static. 1 (microseconds)
3 1 o error in tine difference measurement, .3

slave station 2 (microseconds)
x coordinat-b/ of slave station 1 (leferu)
y coordinateé/ of slave station 1 (meters)
x coordinateg/ of slave station 2 (meters)
coordinateB/ of =slave station 2 (meters)

b
x coordinate—/ of master station {(meters)

® O <N ;M W1
-«

b
y coordinste-/ of master station (meters)

-

&
-/ Corresponds to iield numbers in Fig. 33.

grid cornﬁ; (meters).

138

b/
= Coordinsies are given with respect to origin at lower left




Tai-le 15

DF MAVIGATION PARAKEZTERS

[- T B N .

b

x coordinate-/ of station }
b

y coordtnate-/ of station 1
b

X coordinate-/ of station 2

b/
y coordinat~ of station 2

cal
s1ea? Definition Typiea
Value
1 O 2rror in locating stations (meters) 5.
1 ¢ error in direction resolution (radians) .035

a
-/ Corresponds to field numbers in Fig. 33.

b/

= Coordinates are given with respect to origin at lower left
grid corner {(meters).

Table 16

RANGING RAVIGATION PARAMETERS

rie1a? Definition Typical
Value

1 o error in locating station (meters) S.

2 o error in height resolution (meters) 20.

3 O error in range resolution (meters) 30.

4 coordinatz of station 1 -

S ; coordinate ¢f station 1 wm

) coordinate oif station 2 -

7 coordinate of station 2 -

2/ Co)responds to field numbers in #ig. 33

b/

- Cooxdirates are giveu with respect to origin at lower left
grid corner {meters).

7
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Table 17

HAPHATCH RAVIGATION PARAMETER

FieldE!

Definition

Typical Value

1 & error of map (meters)

14

a2/ Corresponds to field number in Figz. 33.
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N R
) 12 16
. MIBF
Navigation Systom (hours)
A SN-56 94
DOPPLER l1e
RADAR 120

FORMAT {3A4, F4.0)

Fig. 34

NAVIGATION SYSTEMS NTBF FORM

i. Position Location

The models of the navigation systems compute the error

zsgociate? with locating the reconnaissance aircraft in terms of

error ellipses. The reported position and location accuracy

for a sighted target incorporates this error with the errors

inherent to Class A, 8, and C maps.

stated in terms of circular errors prchable (CEPs).

The resulting arrors are

Table 18 is

the digital form of a curve used in converting from cn error

ellipse tc a CEP, with the format fer keypunching. Table 19 lists

the Cless A, B, and C map CEPs.

Table 18
ELLIPSE TO CEP CONVERSION CURVE

T

£
;m 3 111 e 1k In R Ik |k | R {R |» IR
é 6| 12 18] 24| 30| 36| 42, 48] 54| s0| 66| 72
i om 1cnz GR3 | "4 | RS |CRG| CP1| CP2| CP5 |CP4 | P | CP6
f~ a2 1.1 | s |2 |25 |3 levs.oenles0 |71 72s ) 7

!
i
i
!

FORMAT (1276.0)
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Table 19
AP CXFs
(Maters)

]

R R R i

5 10 1%
Class A l:élass B Class ¢
7.0 ] 14.0 28.0 ]

FOPMAT (3F5.0)

The computer model will acecept pesitio..- of targets,
ground OPs, and f{iight path checkpoints ir gr'd ccordinates com-
posed of two letters rfollowedi by six digits. Borore calculating
distances between targets and sensors, the computer converts the
grid ccordinetes into rectangular Cartesian coordinateg with the
origin at the iower leit~hand corner of tone lower ieft-hand
lettered grid. One, two, three, or four lettered grids csn be
accormadated if they wili all fit into a cquare 200 kilometerg
on a side. Figure 35 depicts the numoering systea for these
grids. _hie order given the iettered grids is important. If,
for erxample, only giids MA and MB are used thon M4 and KB must

occur in cclumns 1 and 3 of the Grid Formn {see Fig. 386).

MB NB
3 4
M3 NA
1 z

Fig. &5 PERMISSIELE GRIDS

139
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Grid 1} Grid 2 | Grid 3| Gria 4 i
WA NA M8 NB

P PORMAT (4(A2, 2X))

Fig. 36 GRID FORM

Occasiousily, it is necessary tc use maps that are
distorted along a2 longitudinal line becauss ¢f the type of pro-
Jection used to produce the map. These maps cannot bc used

directiy by CRESS since distances calculated between paints on

opposite sides of this '"'seam” would be in error. Thus, 1if it is

necessary to use such a map, it will aliso be nccessary to make i

& grid overlay for the map and to vecord alli positions with ?

reference to the sguare grid overlay.

! ) f J. Atmospheric Parameters Form (Fig. 37)

; T Zach type of senscer is affected by scme «f the charac-

; { teristics of the atmosphere. Since the weather varies from place

to piece on the carth and from cne time of year io another, it

J ) is mecessary o describe the atmosphere at the place and time the
¢ seengyic prescribes. The cloud coverage, cloud base, visibility
- range, re2letive humidity, sir temperature near the ground, and
horizontal plane illuminance can be obiained from a meteorologist
famiiiar with the area. There are als> historical weather data

for many parts of the world that give monthly averages for these

physics of the atmosphere and water droplets and do noi usually

|

E

E ' paramgters. The remaining parcmeters in Fig. 37 depend on the
E

' vary for different scenarios., The values given in Fig. 37 are
!

representative values for these parameters.
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3. Miscallaneous Data

a. False Target Maximum Form (Fig. 38)

Yhen false targets are generated (see Section II.B.7
for a description of the false target submodel), their elements
sre slways reported as being recognized. It is necessary for the
user te proscribe the maximum number of elements of each recog-
nition class that cen occur in a false target report. (No more
thai four recognition classes can be represented in a false tar-
get.) This will allow the possibility of having several small
objects (e.g., men, small weapons) of a recognition class repre-
sented in a fslse target report, but limiting the number of jarge
objects (e.g., bridges, boats) of a recog .tion class. These
numbers will be a product of the user's ubjective judgement con-
cerning the numbers of different 2lemen s that might be reported
together as a target. The numbers sbh 4ld not represent the ex-
treme case, but should reflect the user's judgment of what the
composition of the "average' false tuarget might be. In generating
these numbers, it should be kept in mind that CRESS plays the
interaction of sensors and target elements, not targets. There-
fore, the maximum nrumbers should reflect the nuners of objects

likely to be reported, and not necessarily the TOE of the enemy.
b. Report Criteria

The aerial and ground models both produce two computer
outputs: the Control Copy and the Intelligence Copy. The Controi
Copy displays esscntially all the informaticn about the inter-
action of the sensors and the targets that the computer processes.
The Intelligence Copy displays only data that units deploying the
sensors would be awvle to acquire from their sensors. Thus, for
example, targets that are covered by a sensor but -~t detected vwill

not be reported on tne Inteiligence Copy.
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Exactly what should be reported on the Intelligence
Copy depends on the user's reasons for using CRESS. If CRESS is
being used to examine the effect of using reconnaissance systems
in varicus combinations, perhaps the Intelligence Copy is not
needed. If CRESS is being used as an input to the teams playing
a closed war game, the Intelligence Copy should reflect the type
of detail expected. For example, if the game is being played ct
the company '<9vel, anything that is detected should probably be
reported. However, if the elligence Copy is meant for the
intelligence team at the division or corps level, perhaps only
sizable targets and/or targets containing important equipment

(e.g., rocket launchers) should be reported.

To provide flexibility in the use of the Intelligence
Copy, the user can specify his own criteria for reports within
the limits of the options 1listed in Table 20. The user can choose
none, any one, any two, or all three of the criteria. If he
chooses none (all zeros or blanks) entered in the report criteria
form (Fig. 39), no Intelligence Copy will be printed. Otherwise,
a report will be generated for a sensor-target interaction if any

one of the crit~ria that the user selects is met.

Table 20
REPCRT CRITERIA

Criteria Numbers Criteria

(")

Threghold number »f objects identified,
recognized or detected.

2 Threshold number of special objects
identified, recognized, or detected.

(2]

Percent of objects present identified,
recognized, or detected,.
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.- Por euch criteric:: selected, the user must specify the
threshold nuzver, or pe~rcent, and which one of identification,
recognition, and detection is to be nsed. He doos this by filling
out the report criteria form. When criterion 2 is selected, he
sust also provide a list of the numbers (a maximum of 1C, of the
apwcial objects chosen (see Fig. 40 for format). The example
shown ir Fig. 39 is the weakest possible condition for generating
& report; if any object is detected, a report will be generated.

c. Area Target Radii Form (¥ig. 41)

if the user wants a list of all reported groups of target
elements that are within a prescrited radius of each other, he
must put the radii (in meters) be desires in ascending order
into the form in Fig. 41. The computer will then group the re-
ported groupe of target elements for each of the radii listed.
This xmay be beneficial i ascertaining which elements belong to
a tactical unit type that is assumcu to occupy an crea of the

given radius.

d. Situation Heading Card Form (Fig. 42)

The information printed in cclumns 2 through 49 of the
situation heading card will be printea as a2 label at the top of

each output form. Any acceptable FORTRAN characiers are allowed.

e. MEN/NET Designation Form (Fig. 43)

If the option to have the computer assign the prescribed
percentages of personnel to the various stances and provide for
camouflage nets in the simulation is used, the object numbers and
recognition class numbers for standing personnel and large nets

must be entered in the ME!/NFT designation form (Fig. 43).

» .
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FORMAT (5F10.0)

R R N R R ;
10 20 3¢ 40 50 (
r ' Radii of Tacticsl Targets of Interest !
!
E | 1000.| 1500,
; ‘ |
}

i Fig. 41 AREA TARGETS RADII FORM

i e o

>

Situation Heading

Ammunition Expenditure Rates, Ciear Day

SORBAT (1X, 12a4)

¥ig. 42 SITUATION HEADING CARD FORM
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1 1 } O i
4 8 12 16
Object Number, | Object Number, |Recognition Clasg |Recognition Class
Standing Men Large Net Kumber, Nets Number, Men
61 14 7 15

T

a/ For ground model only.
FORMAT (414)

Fig. 43 MEV/NET DESIGNATION romra®’

f. Randcm Number Initialization Form (Fig. 44)

The pseudo-random number generator generates a sequence
of pseudo-random numbers by performing precisely prescribed opera-
tions. Thus, if the initial conditions are the same each time a
list of numbers is to be generated, the same list will be generat-
ed each time. I{ is sometimes desirable to repeat part of a
simulation with exactly the szame results. This can bz done if the
user ensures that he uses the same number to initiajiize the
pseudo-iandon number generator for each desired repetition. The
user can choose any number between O and 1 as the initializing
number. If the simulating is stopped and is to be resumed where
1t vasstopped, the user may continue with the same sequence of
pseudo-random numbers that was originally being generated i he
restarts the simulation using the final value of the pseudo-

random number that the computer prints on a normzl stop.
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Initial Rancom Number

.73496521

L— . !

FORMAT (F15.0)

Fig. 44 RANDOM NUMBER IN..IALIZATION FO:WM

o b, T -

4. Aeriil and Ground Sersor Deployment Data i

The purposes for using CRESS will Infliuence the mauner in

which the sensors are deployed. If CRESS is being used for a

ciosed war gawme, the team membere deploying the sensors should

net be given any more information eboutr the enemy forces than

e e e

they would have from the gereral scenario development and previous
intelligence reports. However, if CRESS is r2ing used to evaluate
iifferent recormnaissance systems, using the rn owledge of exactly
where all the targets ars located while depioying the senscors

3 may make the comparison more valid.

é For anv purpose, sensor deployment is a keyv irsk that sig-
nificantly affects the amount and quality of data generated by
sensoyr systems. Thus, an understanding of the capabilities of the

aeensor systems being simulated ie essc.tial. Xt it ‘s important

] St

et

¢ simui. e tacticel operations realisiically, a team of personnel

A

experiencad in reconnaissance fliecht pianning (for bo.™ !'»w and

high nerformance aircraft) and ground senscr depicyment should

perform this important task.

A e
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z. Flight Parameters Form (FigL 45)

There are four forms that must be f£illed out for the
computer tc process a flight, The first of these gives the
generai flight information that is listed in the headings of
the form in Fig. 45. The Flight IL is used only for printing
and card identification purposes and can consist of up to 20
FORTRAN characters. The platform desigastion, however, must be
exactly the same &s one ol the platform designatcrs listed in

the Aircraft-MTBY foirm {(OV-1D and OV1D are not the same).
One line on this form represents one flight,

b. Flight Instrumentation Form (I‘A‘Eg° 46)

One line of infcrmation must be entered on the flight

instrumeatatior form shown in Fig. 46 for ezch flight.

YA 0 R Y S IR AR T ARAE S

The Flight ID is only for card identification; however,
the designrtions entevrcd on this form for the navigation system
and for each of the sensors must be exactly the same as corres-
poending designations in the air navigation systems form and the
sensor paraacters form, respectively, (The computer matches
designations to find the appropriate parameters to use for the

equipment bheing simulated cn the pa-ticular £light.} The communi-

PYIEREPT A AV

cation link number must be 0 (for no air-to-ground link} or a

crid

number corresponding to the appropriate link in th2 data link

¥
¥
g MTBF form. i saximu— ~f four sensors per sircrait is allowed,
4
: .. PS Area Description Cerd 1 Fomm (Fig. =7)
r ]
3% .
3 Two cards are required to describe ar RS ares, This

section discusses the first cavrd., Or2 line must be ertored on
the 13 area description card 1 form srown in Flirf, 47 and on th.
target groups overflown form for each RS ares of the flight.

An RS area is a rectangular area that is covered by the opevating

sensors aboard the aircraft, The simulation modei vequires that
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the aircraft be in straight and level flight while iti sensors
are operating. Thus a route-recce mission would consist of &
number of straight line segments, each of which defines &n RS
area. If a wide area is to be covered and the aircraft is flown
along paths parallel to each other with the sensors being turned

cn und off opposite the endpoints of the preceding leg. the RS

area can be described by giving the starting and ending points of
the first leg. the distance between legs, the direction of the
first turn, and the total number of legs (see Fig. 1). A maximum
of 10 legs is allowed. It is noted that the route-recce RS area

is a special case of the area surveillance RS area, with the number
of legs being 1. A maximum of 20 RS areas are allowéd on any one
fligit.

The capabilitv of simulating avcidance of AA fire when
the sensors are not being used is pro.ided by a2llowing a change
in altitude while the aircraft is turaing for the next leg or pro-
ceeding to the next RS area. The aircraft is considered to stay on
the flight leg extensions of the RS area to the turn distance
specified while turning and lining up for the next leg. Three
minutes is allowed for turning and coming back over the starting
point of the next leg. The altitude during the turn is used in
computing the possible attrition during the turn maneuver. No
attrition is played when the aircraft is not in an RS area or the

tur.. area.

Reconnaissance by fire is considered tc e used for the
eutire RS area according to the code entered in the RBF indicator

column (0--No RBF, 1--RBF).

The option to synthesize and report false targets is
available to CRESS users. The false target submodel is based on

the concept that the number of false targets reported in an area
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is dependent on: (1) the instructions that the image interpreters
or sensor operators receive, and (2) the amount of targets that

are found in the aresa. Reterenée 1 indicates that if an inter-
preter: (1) expects tn find tergets (receives instructions to
that effect), or (2) finds several targets, he probably will

repor. false targets. The false-targei prior for an RS area is

a number between O and 1 that the flight planner must assign to

; the RS area to indicate the extra effort that should be exerted

in processing the imagery of the area. The discussion of the false
target suvaodel (Sec 1I.B.7), indicates the relation between the
false target prior and the number of false targets yxenerated for
the RS area.

d. RS Area Description Card 2 Forn (Fig. 48)

¥hen the sensor operator or image interpreter has prior

¢ information indicating that targets are in the general area covered
{ by an RS area, he is more likely to detect a target if it is there
g ; than he would without that information. (As indicated above, he
l l is more likely to report false targets zalso.) If, fcr example,
§ SIGINT collection means indicate ti.at there is an emitter in an
' area and the flight planners send a photograpuic mission to cover
that area specifically, the photc interpreter would be more likely
to detect the target than he would if he were viewing imagery
that was taken of ithe same area on a general reconnzissance flight.
CRESS simulater this enhanced probability of detection* for a
given BS area if the erhancement encry on the cara is not zero

(i.e., set to 1).

The numbers of the target groups overflown in an RS

area must be supplied by someone who is allowed to kunow wheve all

* S2e Sectionn 11.B.1L [ r a description of the method for
enhancement.
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the targets are (the Control team in a closed war game). This
can be done by: (1) putting an overlay of the flight _ath over
the overlays which contain the targets and the target group areas;
(3) drawing (perhaps mentaiiy only) the bounasries of the area
covered by the sensor aboard the aircraft that has the widest
coverage; and (3) writing ti.> numbers of any tai,.. group aresa
that is partly covered by the senscors on the RS area description

card 2 form. Up to 10 target groups are allowed for one RS area,

Not all the targets contained in the listed targei
groups will be processed. Only targets that fall inside the area
covered by the sensor having the widest coverage will be put into
arrays n the computer for further processing. The maximum
allowed in the array for an RS area is 150 targets. The maximum
allowed in the array for one leg of an RS area is 100 targets.
After the arrays are filled with the maximum numbers of targets,
the remaining targets in the target groups listed will Le ignored
even though they fall inside the area crvered by a sensor. Thus,
occasionally it may be necessary to artificially break a long
RS area provided by the flight planner who presumably does not
know where all the targets are into several smaller RS areas.

If the maximum numbei of targets for the RS area is exceeded
because there are too many high density legs, the RS area can
be subdivided into two (or more) RS areas by reducing the number

of legs for the first RS area and starting the next K5 area on

the next leg of the given RS area. If the maximum number of targets

for one ley is exceeded, the RS area should .e subdivided by
shortening the length of the leg .or the first replacement RS
area and ctarting the second replacement RS area s the peint where

the first one ends.
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A set of the two RS area description cards must be
punched for each RS area of the flight.

e. Navigation Update Form (Fig. 4%)

It is possible to simulate updating the navigation
system before reaching any RS area by inserting a navigation
update card immediately before the first card for the RS area,.
This card, which contains the coordinates of the point where the
navigation system is to be updated, signals the computer to reset
the accrued navigational error tc the inflight update accuracy

capability for the system. The navigation error then accrues
from this update point.

1 A )
Update Update Point
Code® Coordinates

33 MA 788 821

s/ 33 is the code for an update point.

b/ This card will be read by the same instru-tion that causes
the RS area description card 1 to be read.
FORMAT (21X, 2¥6.0, IZ, 2(1X,A2,16),15,1X,A1,17,F6.0,12,3X,11)

W/
Fig. 49 NAVIGATION UPDATL FORM~

f. Observaticn Post Parameters Form (Fig. 50°

There are two forme that must be filled out for ground
senso: Jeployment. The first of these gives the OP identification,
the time of opcraticn of the OP, the probability of th~ OP being
attrited during that time, the number of the type of communica-

tion link being used by the OP, and the sensors employed. A

159
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movirg patrol should be assigned a single identification in the OP
column, as should each fixed OP. In the remaining discussion of

this form, a patrol should be considered as an OP.

The OP identification must consist of four or fewer
FORTRAN charucters. Each OP identification may occur only once
on this form. It is helpful to assign similar de=signations to
related OPs. For example, it is possible to simulate an OP using
its sensors intermittently. This can be done by giving the OP
being simulated several different nemes (e.g., R26A, R25B, R26C)
with the times entered on rhe form for each successive OP identi-
fication corresponding to the successive on and oif times for
the sensors. However, the restriction that ne more than 125 OP

identifications can be used must be observed.

The probability that the OP will be attrited during the
stated operating time must be supplied by someone knowing the dis-
position and intent of the enemy (e.g., the scenaric writer or

the control team).

The number of the communication link used by the 0P
nmust correspond to the number used in th~ failure array for that

type of communication link.

Each sensor name used on this form must exactly match
one of the sensor names entered in the ground sensors cura i form.
If it is desired to simulate more than four sensors at ore QP
location, it will be necessary to put iwo OPs ~t the same location,

operating at the same time,

g. OpP/Target D.'a Form (Fig. 51)

The deployment of the OPs i simulated by positinring
them on a map everlay. This shoula be d.me without x.inowledge of
all the targets’' positions when CRESS is being used in a cleosed

war game or in a simulation where the person deploving the sensors
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should not know the cnery positions (i.e., the piayers fill in
the columns labeled "OP," "OP coordinates,” and "OP heignt').

Control £1il11is in the remaining columns. The centerline and the
entire angle of the sector that each fixed OP is to ol:serve should

be indicated on the overiay.

Coverage ana detection by each of the ground based
systens deployed in the field is critically affected by line-of-
sir“t restrictions caused by terrain and vegetation. For this
reason, the probability of line of sight between an OP and each
of the targets within range of any of the OP's sensors is deter-
mined manually from the map, rather thconm using a simple probakilistic
model ir the computer. This menual map chore is edious and time

consuming. The follcwing suggse-tions have been found helpful in

performiag the task of line-cf-sight determination.

A template of the sector to be scanned should be drawn
cn a smali piece of acetate for each OP. This consists of
dra%ing the angle of the sector to be scarnned and then drawing
an arc across this anglie. The distance from the vertex of the
angle to the arc should correspond to the maximum range of ihe
sensors in the OP (see Fig. 52). (Note: Since the computer
processes A target listed i -~ an OP by every sensor in the Ok.
every sensor scans the same angular ssctor in the simulation.) The
same template will -~ -.0ably suffice for most of the OPs that are

using the same types of sensors.

Fig. &2 OP SECTOR TEMPIATE

163

it i A R SRR AR




Ty

»'J‘,'

]
i

—_r e e

When the overlay of OPs and their associuted template
are completed, the overlay should be placed on the map over the
overiay containing the ta-gets (by someone allcwed to see the
target deployment; i.e., the control team).

To determine ihe entries for the OP/target data forn
for an OP, tack the vertex of the template for the OP to the OP
2 d orient the template with the center of its sector along the
indic-ted center of the OP search sector. Each of the targets
ingide ithe e=ctor on the template are to be r.ocesged in any
order desired. They are entered on the form only if the probability
of line of sighkt between the OP and the target is determined to
be greater than O.

The determination of line of sight is done by first
deciding if terrain blocks the line of sight. This is done by
noting the elevations c¢f the OP, target and intervening tc—rain;
i.e., observing the contour lines and deciding if there are any
ridges or iills between the OP and target. Holding a string
tacked to the OP pesition aiong the path to the target will aid
the eye in finding the contours of interest. Targets near each
other should be processed at nearly the same time in the map
room since the same contcur lines will often be uncer considera-
tion for each of the targets. If terrsin dues mask the target
from the OF, that target c2n be ignored. Otherwise a subjective

determination of the probability of line ¢f sight must be made.

The persons ascribing the piobabilities of 1ine of sight
should become familiar with the general area of the scenario
before actually starting on the individual targets. They can do
this by studying the legend on the map (the larger the scale the
better) and noting the various types of vegetation markings,
studying photographs of the area, and talking to pecgle who have
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been in that particular part of the world. For individuasl OP
target pairs, they should consider factors such as where an QP

is likely to bz located (looking across valleys or depressions

or looking up or down u slcpe or along level ground, roads, or
fire trailz that a moving target would crosg}; the density of the
foliage, the height of the foliage, the posture of the particular
target, and how likely it is that the target will take advantage
of vegetation cover available. Some of the elements of a target
way be masked, while others are in the open. .a this case, the
persons ascribing probsbility of line of sight should estimate
the percentage of the target elements that would be in the clear.
If it is determined that a prohability of line of sight greater
than 0 existg, it should be entered, with the target number, on

the OP/target data form for the OP.

Patrol sightings are treated the same as OPs, except
that the template depicting the patrol's coverage can be a swath
along its planned path instead of an angular sector. The coor-
dinates of the patrol's pcsition at the time that line of sight
exists must be entered. Also, it is necessary to enter the time
that the patrol would be at that position. (The time entry must
be left blank for fixed OPs since this entry indicates to the
computer whether a patrol is being processed; the computer will

determine the simulated time cof sighting for fixed OPs.)

An elevated :~nsor platform can alss be considered as
an OP. The only additional input needed i: the height of the
platform above the ground. The area of coverage ol an elevated
plaviorm at a given position is determined by the rang. of the
sensor and/or the maximum angle from the vertical that he sensor
can scan. This max:aum angle is usually dependent upon how the

sensor is mechtanically attached to the platfom.
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5. MHNiscellanesous Cards for the Aerial Modul

There are many miscellanecus items of information that must
b» read into the computer before the simulation can be run.
Thase data are to be punched on the seven cards described in this

section.

A logical unit number must be asaigned for each file opened
on the random access disk. The aerial model requires five files
on the disk unit. Any five positive integers less than 15, except
5 and 6, may be used. (The card reader uses 5 and the line
printer uses 6 in this program.} Figure 53 illustrates the

necessary format for the card that fixes these logical unit

rumbers .
1 1 1, 1 I
2 S 8 11 14
Logical unit numbers for disk files
TP3 TF2 FLT2 TYMS NDXS
7 8 9 10 11

FORMAT (5(12,1X))

Fig. 53  LOGICAL UNIT NUMBERS FCRM

An "SR" card must be punched with the letter S in column 1

and the letter R in column 2.

The gizes of various arrays are prescribed by the integers
read in from two "size” cards (Fig. 54). The entries on ihese
forms must state the exact number of the corresponding items

occurring in the simuiation.

[
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Figure 35 illustrates the card form r~quired for a variety

of items. The first three items are used when the computer

assigns stances to versonnel.

the size of any false target that might be generated.

The fo rth item is used to 1 mit

The last

itom astates the number ¢of different sized circles to be used in

determining whicn target elements are within a prescribed distance

of each other (see Sec. II.F for a discussion oi the printout

of groups of target elements that are within a specified distance

of each other).

1 I 1 ) { 1
G) 10 15 20 25
Object t Total nunberg/ umber of
Recognition | Recognition ype )
number of of elements adii for
class of class of ‘
nets rsonnel standing allowed in rouping
pe personnel false target pbf elements
7 15 61 10 52/
a/ This number is exclusive of personnel.
b/ & is the maximum allowed.
FORMAT (1015)
Fig. 55 MISCELLANEOUS INFORMATION
(AERIAL) FORM
Figure 56 illustrates the form for more required itcms. The
maximum probability for detection, recognt*ion, and _uentifi- ..un

by photographic systems can be set arbitrarily; usually it should

be given the value 1.0 (see¢ Sec.

IY B.11 for a discussion of the

enhanceme~t in detection expected as a result of directed search;

see Sec. I1.B.7 for a discussion of false target generaiion).
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when 2 1 is entered in the corresponding column on the option
card (?ig. 37).

Table 21 1lists the topics .hat are bypassed by the computer

All the entries in Table 21 rust be keypunched;
the tenth card must be blank in columns 2-49.

Table 21
SUPPRESSION OPTIONS

A
2 49
. Navigation error of aircraft
2. Attrition caused by enemy ground fire
3. Fallure of aircraft, sensorc, 1links, or navigation
systems
4. Misidentification of target objects
R Multisensor enhancement
6. Generation of false targets
7. Aggregation into possible area targets
8. Timeliness caused by da.a handlirg
9. Vegetation coverage
I 1 I I 1 1 i
10 15 20 5 30 35 40 45
a/
Options to be suppressed—
1 2 3 - 5 6 7 8 9
™ E A T
1_[1 . 1 1

a/ The column headirys refer to the rcoriCsponding options

listed in Table 20.

Fig. 57

FORL
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6. Miscellaneous Cards for the Ground Model

The ground imodel requires four files on the disk unit.
Any foﬁr pesitive integers less than 15, excent 5 and 6, may be

used. The card reader is assigneu the number 5, and the line

printer uses the rumber 6 in this progr.n. Figure 58 illustrates

the format for the i..cessary card.

R T TR

” 5 8 11 ‘;

Logic~l unit numbers for disk files 2

P32/ oT2 TS NDXS

v 8 9 10

T

as These are the narmes of storage files (cr arrays) on disk.

FORMAT (4(X2,iX))

Fig. 58 LOGICAYL UNIT “L%p€RS (GROUND) FORM

The integers enteied into the grcund size card form (Fig. 59)

prescri~z the sizes of arrays *o be used in the simulati-n.

Figure 6G illustrates the required formats for the remaining

cards needed bv the ground mooel. The probabilities of detection ‘
are cumulative over a period of time iun the ground model (sce
Sec. II.¢. for aiscussion}). In the simulation model, approxi-

mately 90 percent of what is going to be seen by a sensor wili

be reported at the time ithat the sensor and target are both vaild, 0
approxim: *ely another = percent will be reporten delta t minutes

lats , and another 2.5 percent will be reported a~~*her delta t

! ter. The delita t can be fixed by the ser of CRESS. Twenty

b
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minutes were used for deita t while testing CRESS. The average

accuracies (CEPs) of locating the fixed OPs and patrols are to

be supplied in accordance with the i ~hods used for fixing loca-

tions. The other items in Fig. 6C ar. ther self-explanatory

or discussed in the aerial model miscellaneous forms paragraphs.
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1 5

Expected ratio of false
target elements to detect-
ed iai:get elements

|

|

i

; o -

g R l
|

i

|

: .15
]
FORMAT (75.0)
—

! R [ g % ] I

1 7 14 1 2j

Average CEP Atinspheric parameters !
(merers) ind2x frr simulaticon
run
Fized OP | Pu rol e — -
e — 1
10, b so0, |
R S i —_—

FORMATY (217 .0} FORMAT (12}

]

| T i R R

i_. 3 7 11 15
i Total numberT Hal {f-angle of Time betwesn snhaacement

i oif elements the field-of- successive factor fov

" allowed in a view the CP reports for directed search
I alae targei | searches cumulative detection

I i {dr, -es) detections
ol i (eraten i
; 1¢ 55 i 20 .2

} N S '

a/ Exlusive nf personnel

FOEMAT (13,3(1X,F3.0))

Fig. 60 GROUND UISCELLANEQYUS INFORMATION
CARDS ~ ORMS
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F. Cowputer Output

The Aerial and Ground computer models Loth provide two

different copiez of tiic sensor systeis' performance: the Coa-
trol Copy and the Intelligence Copy. In addition, the Aerial

Mondel provides a cliecklist of the options selected for the run
and a listing of all groups of sighted elements that are within

gpecifiied radii of each other,

The Controi Copy displays essentially 211 the information
about the interection of the sensor systems and the targets
that the computer processes., This copy, meant for the contrel
team in closed war games, could aleo be used as the sole cut=
sut for (1) sensitivity analyses; (2) producing tables ~f pro-
babilities of detection, recognition, and identification;

(2) gensoxr svutems comparison studics; and (4) any other types
of studies that deo not -equire an output copy that displays

only the information norimally available to a sensor system user

Z " {i,e., the Tatelligence Copy).

b

5

g 1. Aerial Model

¥ o r——— :

g The {rrst cuiput to be printed is a list of the options

% {Fig., 61} that were selected during the run, An X indicates
] g that the fealurs described was not simuiated.
. e

1

§

E

3
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THE POLLOYING OPTIONS ARE SUPPRESSED

X WAVIGATION ERROR OF PLATTORM
X ATTRITION DUE TO ENEMY GROUND FIRE
X FAILURE OF PLATFORM, SENSORS, LINKS, OR NAV SYS
MISIDENTIFICATION OF TGT OBJECTS
MULTISPECTRAL ENHANCEMENT
GENERATION OF FALSE TARGETS
AGGREGATION INTO POSSIBLE AREA TGTS
TIMELINESS DUE TO HANDLING OF DATA
X VEGETATION COVERAGE

Fig. 61 OPTIONS, CRES3-A

Figure 62 is an illustration of the Control Copy format
for the “~rial Model, The computer prints the results of each
simulated reconnaigsence flight by printing out flight and
equijment *nformation and, for each RS arsa in order of over-
ilight, the performaiuce of *the sensors aboard the aircraft
againsgt each of the targets that was covered by (i.e., within

range of) any seasor aboard the aircraft, 7The time of over-

flight, terg=t designator, report number assigned, and distance

(ia meters) from the ground track of the aircraft are printed
for the target, The number of moving target clements detected
is reported, if any, and taxguts “etected by reconnaissance by
'ire arz reported, The performance of each gensor abezrd the
aircreft against each ohiect ia the target is then printead,
including misidentification and misrecognition of objects. 1If
more than one seunsor (not counting reconnaissance by fire) is
being used, the periormance ¢f th sensors used as a single

composite svstem is printed under the columns labeled MULTI.

17¢€
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The probability of iine of sight printed beside each sen-
20r nims is:
P(L08) = (1~probability of terrain masking) x (l-pro-
bability of cloud masking) x (l-probability
of vegetstioc masking)
The probability of terrain masking depends on the aircraft’s
sltitude and horizontal distance to the target, The probabili-
ties of cloud masking and vegetation masking are both depeadent
on the sensor since radar is the only sensor type that can
sense target elements through clouds and IR is the only sensor

type modeled that can 3jense target elements through foliage.

For each object type in the target, a line of output con-
taining the number present, type, recognition class nurt », and
detection class number is printed. On *his =ame line, for each
sensor aboard the aircraft, the following is printed:

a, Protability of detection (given no tevrrain masking

and no cloud masking; but includirg a2 factor for
vegetation masking)

b. Probability of recognition given detection
c. Probabliity of identification given recognition

¢. Number of objucts detected (includes recognized and
identified objects)

a. Number of objects recognized (includes identified
cbjects)

f. Number of objects identified

~1 is printed under Pd (probability of detection) for each

sensor that does not cover the target,




AL R TR

RO BT, B,

1f an object is misidentified (or misrecognized), lines
of print will occur immediately after the object line of print
degscribed above giving the name of the object (or recogr 'tiom
class name) that the bonafied object _s migtakenly thought to

be and the numbers of these identified (or recognized).

The report time is the time that a report about the target
roaches the intelligence center. This time reflects the time
neceszasy for imagery handling, pro.cssing, and interpreting,

but not the intelligence processing time.

In order, ue four CEPs given are those for no map error

inccrporsted ,and Class A, B, and C map errors incorporated.

When the data for all the targets in the RS area have been
printed, the false targets generatea for that RS area (if any)
are printed in the same forﬁat as for the bonafide targets.
However, no probabilities ~re recorded, and objects are recog-
nized cnly (see Section II.R.7 for a discussion of false target

generation),

This type ot datr is reprated for each RS areas on che
flight, 1If a piece of equipment fails during the flight, a
m:ssage specifiyiang the failure will be printed out at the simu-

lated time of failure.

When the above data fv. the flight heve been printed, the
groupings of reported tar o .ts that are within each specified
radius are printed. The iantelligence team can use this sarea

ontput {Fig. 63) as ar aid in determining which reported tar-

179
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get elements might be combined to form part of larger enemy

unit,

THE ELEMENTS DENOTED BY THE FOLLOWING REPCRT NUMBERS ARE RE-
PORTED WITHIN 500 METERS OF EACH OTHER

8 MA 667808
8 MA 665812
9 MA 664809

THE ELEMENTS DENOTED BY THE FOLLOWING REPORT NUMBERC ARE RE-~
PORTED WITHIN 500 METERS OF EACH CYHER

2 MA 671815
3 MA 670518
4 MA 670814
5 MA 70821
7 MA 566819

Fig. 53 TARGET ELEMENT CLUSTERS

After the data for all flights h: ‘¢ been prcc-ssci and
printed, the Intelliigonce Copy (Fig, €6') is printe The re-
ports coming to the intelligence tea~ ~m 4.1 aerial sensor
systems are < .ered chron. logically :ha u gut, luese re-
ports inciude the ecuipment failure . ~o attictiorn me: sage~ and

the sensor - :portz of target elemeni.

All repc 8 i the Intelligencs Topy c~nceri.. th sighting
of target elcments contain the time that the reporf rached the
iatelligence tearm: the repor® aumber nssigned to tue orvoup ~F
targot elemen.s reportzd {ev~ry sensor sboard an aircraft uses
rae same report nwnher for the same target clemcats sirhted on

any one leg); the time that the imag.ry was tal «a: the [iight

number; the type of ailrcraft; the ravigation - “em used; the
horizontal distance froa the flight path t¢ Jhe *- ~t cigents
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the target elements' reportod position (thi: may be different
than tkeir actwal position); iscation accuracier (no map error,
and Class A, B, and C errors included); RS area of flight; air-
craft altitde and speed; the number of moving objects detected
(this can be nonzero only if an MTI racar is being used); the
results of reconnaissance by fire (0-not used, 1-no detection,

! » 2-return fire detected); the sensor system generating the re-
port; and the number of elements identified, recognized, and
detected. On the Intelligence Coupy, the elements identified

are not included in the ccunt ¢f elements recognized, and simi-

larly the elements recognized are not included in the count of

! elements detected; i.e., the target viements are exclusively

i reported at the highest level of detail attained., (This is
different from the Control Copy in which the elements were re-
ported inclusively; the reported detections contain the reported
recognitions, which in tura contain the reported identifications.)
For example, if one T-62 Tank is reported as identified, two
TRACKED VEH are reported as recognized, and three MFED LAND

OBJECT are reported as detected on the Inteliigence Copv, a

total of six different objects have been reported.

The misidentified and misrecognized objects have boen com-
bined with the bonatide identificatior- and recognitions, res-
nectively, The clements oi 2 generated false target are re-

ported in the same way as for a bonafide target. Thus, any

group of elements reported on the Intelligence Cony may contain
any possible combination of bonafide, incorrectly identified

or recognized, aud false target elements, (The true identity
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of the reported elements can be found by referring to the

corresponding flight and report group on the Control Copy.)

~ttor all the reports have been printed, the computer
prints the final value «i the pseudo~random number and is
finisi.ed with the serial simuiation until ‘%e human intelligcace
analysts assess the output, schedule more flighis, and ¢ ibmit

anoithe run,

2, Ground Model

The Ground Control Copy {F -. €53) is o_sentially the same
as the Aerial Control Copy, with two differer es. First, the
reports a... OP by OP instead <. flight by flight, Second, the
output munites*s the _Jea of cumulative searching over time
(versus the snapshot” look used in the Aerial Modei) by pr -
senting « first contact report at the time of the first possible
sighting suec ~eded by two more reports spaced by an interval

of ..me prescribed by *the wser,

T™he first contact report nrobabilities cof detection re-
present 90 percent of the sensors capabilities for .etection,
The sev.ud repo rt ronresenfs un additional 5 per« cat of the
1

sensors’' capabi. ties, and the third report represonts another

2.3 percent of :ihe svnzors’ capabilities, (The time~ of *he
roports are given at the boitom of each report.) Thus, the
probabitities of detoction are alwiays less on the second and
third reports, buwt the probabilyties ol recognition and iden-

“ification remain the same sincy these probabiilities arce con-

ditional on having detection and recoynition, respectively,
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Note, however, that the numbers of objects printed on a report
represent a'l the objects that have been detected, recognized,
4nd identified up to the time of the report. For example, a
probability of detection of ,02 may be given on the third re-
port for each of 128 0bjects'of cne type in the target, yet

65 objects of that type may be reported, The reason for this
can e seen by checkine the probability of detection for the
same sensor-object type combiaation on the initial ~ontact

repert: the probability there may oe ,335.

After all the bonafide tar;.ts cov~red by the OP have been
ce.esced, false target information iz y_oerated and printed

(see Section I1.B for discussion).,

Whenever any equipment fails, a failure message is printed.
Whenn the equipment is repaired or replsced (siwm.lated by the
computer), renovts of further contacts are printed., Similarly,
when a ta.get moves away or the CF ceases to operate, a lost
contact message is rrinted for those target eioments that .ave
heen renorten, unless the time corvrespond+ with the end of the

time pericd for the simulation,

Tha Ground dModel - elligence Copy (Fig. 66) is similar

in almost everv respect to tie derial Model Intelligence Copy.,

o
-3

particutar, the remarks pevtaining toe the aumbers of objocts
vooorted ace stili applicable. The reports are ordered Ly time
of report, The Time print2d s the time of the report {rom

tive O, Novamally, if there is aqmore than one sensovr in an OP,

the list: of target el-wenty sighted by each sensor in the OP
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wili occwr congecutively on the Intelli-ence Copy. If equip-
ment fallure occurs this grcuping of reports on a target from
sersors in the same JOP may bLe disrupted. The coordinates of
the OP are printed directly beiow the OP designator, and the
coordinates of the sighted target elements appear directly

pelow the report group label.
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11T DIRECTIONS FOR COMPUTER PROCESSING AND ANALYSIS

A, General

1, Possible P.ogram Changes Required

The Aerial, Ground, and SIGINT models are run separately
on the computer. They are all progrummed in FORTRAN IV for

the CDC 6400 computer, 131K core storage, and random disk

3
Lt 4

£ 3%
3 2
§
£ o

auxiliary storage., With the exceptioa of the input/output

BN Yl

(1/0) statements for the rendom disk, the programs conform %o B!
ASA standard-. A maximum <~f four alphanumeric characters are
stored in an—- r: storage location. Thug, if the I/0 statements

for disl are changed to conform with the computer inscallation

SN VN I P gy

chosen, *he programs snould run on any other machine thet has

e L

at least a 24-bit word length and the corresponding ccre and

f disk storage,

ihe large compluter programs anQ the lurge arrays used
combine to make the use of a 32K core storage machine unaccep-
; table for either the Aerial or Ground models., The Ground Modcl
can he modified to run on a 65K machine (1 word per real num-
ber capability) with a random access disk by
(a) reading the two large arravs TGTVAR(9,750) and
TGTOBJ (42, 750) onto disk instead of into core

when they are initially read in subroutines
RDTGTV and TAROBJ, respectively;

(b) after veading in the OP/TGT card in subroutine
PROCES, reading the columns of TGTVAR aad TGTOBJ,
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corresponding to the target to be procesged from
disk into the one dimensional arrays TGTVR(8) and .
TGTIB(43), resapectively; and :

: (c) replacing the two dimensional array names TGTVAR
§ and TGTOBJ by the one dimensional array names

é TGTVR and TG10B, respectively, wherever the

' former occur in the current CRESS~G program, i

Since these changes require only two calls for information

filed on disk per target processed, approximately .3 of a

second of extra computer time per target processed would be
! required on a 65K core storage computer (processing time on 1

the {31K-CDC 6400 is approximately .3 seconds per target).

The Aerial Model can alsc be adapted to run on a 85K core
; sterege computer (1 word per real number capability) with a
random access disk, After the target variable data have been
read into T3TVAR(14,750) in subroutine ROTGTV, TGTVAR should
be read into asn array TGTVR(14,750) on disk, o save core
storage, the array CLUSTR(100,102) in subroutine AREA should
be gset in EQUIVALENCE with TGTVAR, This EQUIVALENCE statemeunt
will causc the contents of TGTVAR to be alter=d whenever CLUSTR
is used in subroutine AREA near the end of the processing for
a flight, after the array TGTVAR is no longer needed feor the
"flight, Thus, TGTVAR must be reset at the beginning of the
processing for each fiight. To do this, all that is reguired
is that the instructions necessary to read TGTVR from the disk
into TGTVAR be irserted as the first executable statements in

subroutine FLTIN.

190




o o e

The erray TGTOBJI(43,753) will also nave to ve stored on
disk instead of in core storage when it is initially read in
subroutine TAROBJ, Each column o! this array containe the
object composition of a target, Wheunever objects of a parti-
cular target enter into the processing, it will be necassary
to have the column of TGTOBJ corresponding to that target in
core storage. This can be done by .ieplacing TGTOBJ by a one-
dimensional array TGTOB(43) everywhere that TGTORJ occurs in
the current program and making sure chat the column for the
correct target has been read in from disk before TGTOB is used,
This can be done by reading from TGTOBJ on digk intc TGTOB

in corg siurage at the places in the prog.°w 1idicated in

B
R
3

¥

%

~

5

X

Table 22,
Table 22
POSITICNS OF REPLACEMENT OF TGTOB.Y BY TGTOB

lSubroutine Line Coluan of TGTORJ
FLYRS 18t stztement after statement 40 K )
TURNAA 13t statement after statement 80 K |
PROCES 6 statements before statement 50 VO ”;

B

The additional cost in time caused by accessing the disk
will be approximately ,15 secoads per flight to read in TGTVAR
and approximately .45 seconds for each target processed by the
sensors on the flight to read in the TGTOB data (processing
time on the 13!K-CDC 6400 is approximately .5 seconds per tar-

{
get), The SIGINT model can be run on a 32K word core storage
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machine as it is, with the possible exception of the disk I/0

statemeats.

The subprogram to g:enerate psewlo-random numbers in each
of the models is also dependent on tﬁa.machine and will require
a change to use a uniform pseudo-random number generaicr cem-
patible with the machine to be used, Most computar centers
maintain a library of comziniy used subprograms, One of their
uniferz random number generators, on the interval from 0 to 1,
should be used in the subprogram RANDOM(Z) tc fix the value

of Z,

¥hen the above programming changes have been incorporated
(if they are necessary) the programs will be ready to be run.
The programs can be ccmpiled and run directly from the FORTRAN
source deck, or a binary deck can be punched by the computer
and used on subsequca* runs, It will be more efficient to use
a binary deck of the program, if the program is to be run
several times. The ucer suould consult with a systems analyst
at the computer cenier for the simpie procedures for obtaining

and running a binary deck.

B. Data Collaticon and Computer Processing

Each of the three programs require a large amount of in-
put data. Extreme care should be =3€d in preparing these data
for computer use since the computer wiil tolerate few, if any,
errors. Extreme care will result in few errors, but it is still
likely that errors in the data will occur. The general sugges-
tion3 below should be helpful in finding errcors hefore the com-

puter runs,
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After all the cards are punched from one form (i.e., the
same format), they should Le listed before they are mixed with
cards punched irom anotner form, Visual gxaminaticn of the
listing should quickl' reveal any deviation from the format,
since all the entries for one field of information will cccur
in a column, Without checking the individual lines of the
listing against their snurces, a quick check can be made to
ensure that every entry in a column is reasonable (i.e,, within

bounds for that field of information),

Since most of the alphanumeric information is used in a
computer seerch to identify the particular item, execution will
stop if the alphanumeric information cannct be identified. For
this reason, it is particularly important that all alphanumeric
fields of information be checked for consistency and correct

alignment {e,g., OV-1D is not the same as OViD).

After the keypunched data irom each form have been double-
checked in the above manner, the cards should be collated into
a deck structured according to the instructions in this hand-
book for the program being run (the instiuctions for CRESS=-A
and CRESS-G appear below; CRESS-S instructions are listed in
Sec, II.1). The data should b« listed again, The order of the
different types of cards should then be checked against the
order ¢f the read statements in the FORTRAN computer program,

This should ensure that no cards are missing or out of place.

This may appear to be lot of checking,; however, it is not

time consuming and it is important, If a mistake occurs in the
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data, #n execution stouppage iz likely to occur, If 1t does
not, ithere is a good chance taat large amounts of the output
will be erroneous, Thus, the time and care for checking the

data thoroughly are mandatory.

1. Aerial odel Deck Structure

The input data nmust be puncied in the formats specified
in Section I1.E., The cards must be collated in the order of
the eniries in Table 23 for the computer run., The entries in
Table 23 are for a card ceck prepared for the CDC 64C0 computer.
If the program is run on another computer, the control cards
and the cards belween the progrem and data may be differ~nt
and should be checked with a systems analyst at the computer

cen‘er.

When the data are collated in the order indicated in
Takle 23, they are ready to be submitted to the computer for
processing. The first run on the computer should inciude only
one or two flights, If the data read incorrectly, the output
should appe«r in the coriect format and have reasonable values.
When this happens, the entire set of flights should be sub~-

mitted for the production run for Aerial sensors.

If an error is present in the data, it is likely that an
cxecution stoppage will occur at or just <iter the rcad state=-
ment that attempts to read the erroneous datum, The posii on
in the program where the abnormal stop occurred wilil usually
indicate where the error is in the data. If many errors are

encountered in the data, it is recommended that write statements
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Table 23

AERIAL PROGRAM CARD DECK ORDER

order Type of Cards Figufe or Table  ;
: Containing Format 0
1. !SCOPE coatrol cards Computer Center %
2, | FORTRAN program deck for Aerial Mouel - ?l
3. |A card with 7 8, 9 level punches in -- %f
Column |} l&
4, Logical unit numbers card 53 é%
5. Initial value of randem number card 44 ¥
6. Situaticen heading card 42

et oot e o e R TR

g 7. ISR (Columns 1 and 2) card -

% 8. Size cards 1 and 2 54

§ 9. Miscellaneous information card 1 85

g | 10. |TFalse target meximum card(s) 38

g. 11. |Misc.1llaneous information card 2 56

%A 12. |Map errors card Table 19 '3

% 13. |[Map grids card 34 i‘i
ib 14. |Error ellipse to CEP conversion card Table 18 I
; i5. Report criteria card 39 ; f
%‘ 16. Special object iist ¢~~d (if required) 40

i 17. Area targets radii covd 41

% 18, Prounability curves, d+~ital form~-NNP, Appendix &

& PPFDS, PFPI, PPPR, Y¥, ™, ™0 PM2,

; PMS, SSN, IIPDS, NNi, II.w, VIvi, SSNR,

&

PPDRS, NNRE, PPRR, PPIE, SSNMTI, PPDMS,
PPA, RRI




i -

- g

Table 23 (continued)

AERIAT. PROGRAM CARD DECK ORDER

- Fi_ure or Table
Orcer ‘ype of Carc¢s
Containing Format]
19, iAttrition capabilitv cards (if played) 29
20, |Atmospheric parameters csards 37
21, |{Background characterisgti.s cards 27
22, Object characteristics cards 23
23. Detection classes cards 24
24, Recegnitiun classes cards 24
25. |Targe® variables cards (orcdered by 26
Largat group)
25, |Men/net dusignation card 43
i
21, chsture-men array cards 22
28, ?Target objects cards 25
29, Multisenscr enhancement coeftficients Table 4
cards
a9, Alrcraft Mibse cords Z8
1. 4ir navigation systems cards 33
3z, Navigation svstems NMTHF cards 34
23, Camera systems paramaters curds (il Avpendix !
played)
34, IR sensors pearzmeters cards (if Arnendix 1
nlayed)
35. Radar sgystems parameters cards (:if Appendix [
slayed)
35, iskal sensors parameters cards (if Appendix I
iplayed)
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Table 23 (continuad)

AERIAL PROGRAM CARD DECK CRDER

ord . ¢ Card Figure or Table
er "ype of Cards
yp Containing Formsat
37. Laser sensore parameters cards (if Appendix I
rlayed)
38. | TV parameters cards (if played) Appendix I
39. Reconnaissance-by-fire sensor para=- Appendix 1
meters (if olayed)
7, Dats link MTBF cards 30
41. Timeliness factors cear 32
Each flight musi have the remaining
set of data crrds in the ordor listed.
42, Flighs parsmeteys card 45
45, Fliznt lnstru.entation card 46
| sack £S area must havas the remaining
' ser of data cavds in the order listed.
47, E Nevigatlorn update card (present only 49
i if updated #iace last RS area or take
i
i .’Yf.g)r
43, | R3 area description card 1 47
I
46. | RS zrea Gescription card 2 48 !
Ropeat card types 42 through 45 for ail
flicnts, £nd the card deck with the
foilowing two cards,
47, A card with 7, 8, and 9 level punches -
in Column 1 !
i
48. A card with 6, 7, 8, and 9 level puiche -
n Column 1
i —— e
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be inserted sfter the reed statementr in the 3ubrontines SCERIN,
RIMGTY, and TARMBI tu emiure that thz da’s are being zture.

corvectiy.

When all the data errors heve bees found and corrected,
the prograa and datae douk. with 21l the 7lights to be simulated,

should be submitted tov the computer for the production run,

2. Ground Mode¢l Deck Structure

The input dsts must be punchaed in the formats spncifiad
in Section I1.E. Tiue cards must be collated in the crder of
the entries in Table 24 for the computer run, The remarks con-
cerning the initisl run of the Aerial Model alsc apply to the
first run of the Ground Model; only a few OP/TGT cards should
bhe used until the data read in are checked., After the cCata
have been read in successfully, all the OP/TGT cards for the
desired atmospheric condition should be used for a production

run,

C. Analxpis

g

CRESS 1is designed to be a tool for use in a variety of
R& S~related studies., As such, it should always be viewed in
the setting it occcunies within the framework c¢f the study
using it. Accevdingly, the results of the compute: simulations
performed by CRESS shouid be examined within tlhe constraints

ond coatext of (he pacent study.

However, it should be recugnized that the computer output

ig rot the only thing gainad in asiag CRESS. Performing the
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Table 24

GROUND PRCGRAM CARD DECX ORDER

Order

Type of Cards

figure or Tu)ie
Contatining Format

15.
16.
17,
18.

19.

SCOPE control cards
FORTRAN program deck for Ground Model

A card with 7, 8, and 9 levei punches
in Column 1

Logical unit numbers (Ground) caxd
Situation hsading card

Report criteria card

Special object iist card (if required)

Expected ratioc of falge tazget elements
to detected siements card

Ground size card
Map errors card
Map ¢rids card

Error ellipse tc CEP conversion card
Average CEPs for OPs and

atrols card

Probability curves, digital form--NNP,
PPPDS, PPPI, PPPR, 5SN, LIPDS, NNT,
IIPR, 1IPIL.

Atmospheric parameteys cards
Atnospheric parameters index card
Background characteristics cards
Object characteristics cards

Detection classes cards

Computer Center

58
42
39
40
60

59
Table 19
28
Table 18
60

Appendix A

37
60
27

23

N
e
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Table 24 (continued)

GROUND PRCGRAM CARD DECK ORDER

Figure or ‘fable

Order e of Cards
e Containing Format

20. | Recognition classes cards 24

21, Target variables cerds 26

22, | Men/net designaiion card 43

23, | Posture-men array cards 22

24, Target objects cards 25

25, Multisenscr enhancement coefficients Table 4
cards

26, Ground communication link failure 31
cards

27. | IR gensors (Ground) cards (if played) Appendix I

28, Laser senscrs (Ground) cards (if Appendix I
played)

29, | PNVD sensors (Ground} cards (if Appendix I
played)

36, | TV sensors (Ground) cards (if played) Appendix 1

31. | Visual sensors (Ground) cards (if Appendix I
played)

32. | Radar sensor ““round) cards (if Appendix [
plaved)

33. IR binocular sensor {(Ground) cards (if Appendix I
played)

34, Observation poct parameters form 50

35, Migcellaneocus <ata card 6C (Card 4)

36, Messages cards -—
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G .
Table Z4 (continued)

GROUND PRZGRAM CARD DECK ORDER

igure or Table K
Order Type of Cards Containing Format g

37. | Initial value of random number card 44

38. | OP/TGT data cards (ordered by OF) 51

38. | Card with -99 in columns 1, 2, and 3 -

40, | A card with 7, 8, and 9 level puaches - 2

in Coluan 1

41, | A card with 6, 7, 8, and 9 level - 3

punches in Cclump 1 3

]
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roquired ma.ual tasks wili irgsrt a detailed appreciation of
the problem and help generate an important avhjective awareness
of what the results should be and what they may imply., In
some instancas; the knowledge gained in this manner may be even
mcre important than the knowledge gained directly from the

numerical data generated by the computer,

CRESS generates large amounts of computer outputs from
all three of the major models (Aerial, Ground, and SIGINT),
Since these major programs are xun independently of each other
« 1 the computer, three separate sete of output data can he
genecroted, The corresponding outputs (Contr¢l Copies and Intel-
ligence Copiles) of the Aerial and Ground models are very similar
to each other in both format and content, The SIGINT r._.del
processes gquite different types of information and its outputs,
both Control Copy and Intelligence Copy, are quite different

from the corresponding copics of the Aerial and Ground Mecdels,

For studies thut are directly concerned with sensor per-
formance (e.g., nmaking tables «f probzblilities of detection
versus sensor~to-target distances for & given westher condition),
the Control Copien »f the psrtinont major models can be examined
separately, Summary tahi=s for the sanscrs' performance can e

built divectly fror cne Corntre! Copy,

For studiss that require ths analysis of many aspects ol
tactical reconnsissance (e.gx., providing target lists, updating
a8 war game inteiligence map), it will be necessary to examine

the dats from euch of tha msjor models being used concurreatly.

[ -
(=]
[ ]
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This will allow the intelligence analyst to make his estimates
on the basis of 211l the sirulated reconnaissance that the com-

pvter has produced,

To perform this concurrent examination, it is suggested
that the analyst lay out the Aerial, Ground, and SIGINT output
copies side by side and physically near his situation map,

The Inteliigence Copy reports are ordered by thc time cof receipt
of tle reports so that the situation map can be updated in the
same sequence that it would be in actual practice., It i3 sug-
gested that a form similar to the one in Fig. 67 be used to
collate the information about possible individual tactical
targets., The user should definitely design his own form to
ensure the inclusion of all pertinent data that can be garnered

from the computer output and other sources.

The intormation from the computer printout for each group
of target elements should be entered into that part of the
intelligence analysis form already contalniug information on
targets in the same geographic area (and time span) as the
greup of objects being reported. If the report supplements
¢ a already asttained, the analysis of sighting section should
be updated. 1In particular, extersive use of the remarks sub-
section sho~ld be made to provide documentation of the analyst's
ability to combine the computer-produced information with his
prior knowledge of the terrain (possibly gained from the map
in ¢ simulation), weather, and enemy {(e.g., TOE, capability,

vulnerai;ility, intentions),.

203

e mmal

i o g -




MIOL SISATVHY SOIEDITININI L9 274

. |

‘YIA O T SOt 0TI | wATI-V 14 sung e T (14
it/ woocng HaA L 1 sor | ooz | oAl vy lscezocww| socnif o
ymbmeont| W | eo | ywi| wwrz |Heo e g A somgfmmrzer 1| e ooztr | ¥sD-40 | ozt {9esz..vw| oozinl ok
wleg ) Bunhg suoday
wonwleeq) sowp wonmodwmod | passsng | peandosey | prynesp: | saoemooy sufup  |uaqeony : uaquiny
AR wlmy | gueg| D iy | oy oy | mfo | emwor | o | mesday | daain | UOPTT L 50 | roday
Toriqiie 7o sy

204




It is impossible to anticipate the explicit needs of all
potential CRESS users., The analysia required for any one user
will probably be quite different from that for any other user.
Thus, forms for analysis of the data generated by CRESS in a
simulation must be generated by the user to fit his individual
needs. It i3 encumbent on the user to learn exactly what CRESS
can and cannot accomplish for him and to design his analysis
wethodology in a manner that will fu'ly exploit the capabilities

of CRESS in the st ef ciert way.
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Appendix A

TARGET OBJECT AND BACKGROUND CHARACTERISTICS

A. Introduction

The characteristics of 241 target objects (Table A2) and 53
background types (Table A3) are included as possible inputs to

the R& S computer model., The characteristics specified for each

target object and backgrcund are reflectivity values for the
visual, IR, and radar (microwave) portions of the electromagnetic
spectrum, and IR emissivity values. Dimensional data (length,
widtb and height in meters) are also given for each target object.
vaytime and nighttime temperature, in degrees Kelvin, are addi-
tional parameters that should be included for each entry; however,
since temperatures vary widely depending on geographical location
and season of year, they were included only for those targets

vhose lemperatures are stable, i.e., pe¢rsonnel and animals. A
procedure that can be used ¢o provide a rough estimate of target

and background temperature is described in Section E.

B. Dimensional Data

Length, width, and height for most types of enemy equipment
were taken from Ref. 1. Dimensional dats for meny of the smaller
weapcns were pot available and estimates were made from photo-

graphs. The height for mortars, field artillery, and AA artillery
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agsumes the gun tube at a 45 elevation angle; the length speci-

tied for equipment with s gun tube includes the length of the

A-1

AR B

.




tube. Dimensions for aircraft types were taken from "Jane's All
The World's Aircraft,” and those for the remaining targsts were

estimated,

C. Visual and IR Reflectivity, and IR Emissivity

Visual reflectivity values given in the listings were aver-
aged over the .4 to .7 micron region; IR reflectivity and emissi-
vity values over the 8 to 15 micron region, Emissivity will, of
course, fluctuate widely because the operational state of the
vehicle or weapon, The reflectivity and emissivity specified can

be considered average midday values

References 2 and 3 were the r jor sources of visual and IR
reflectivities. These document -, prepared by the University of
Michigan's Infrared and Optical Sensor Laboratory, contain an
extensive catelog of target and background signature data, reduced
to a standard format of presentation., The cataleg was compiled
from experimental studies conducted during the last three decades;
as new data become available, supplements to the compilation will
be published. The Michigan reflectivity curves are grouped ac-
cording to the subject code (e.g., bridges, trucks, canvas, sand,

rice} that best describes the object or sample measured.

The preponderance of Michigan reflectivity curves are for
background materials (leaves, crops, soils, etc.). Unfortunately,
however, wavelength coverage for these background feaiures is
largely limited to the .4 to 2.7 micron region, There are only
a few curves which extend out as far as 15 microns. Thus, while

visual reflectivity values for many backgrounds can be readily
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obtained, IR values for the 8 to 13 micron region must, in many
cases, be estimated, In general, *he IR reflectivity value for

this region clogsely approximates the visual rellectivity.

In addition to roflectivity curves for natural terrain
materials, the Michigsn compilation includes considerable data
for paints, metals. and fabrics., Curves for paints and metals
often extend ifrom .3 to 15 microns; those for fabrics from .3
to 2.7 microns, Among other categnries which include a few
curves each are roads, building materials {(e.g., ¢rncretw, brick,

asphalt), woou, paper, and plsstic.

Unfortunately, there are as yet very few reflectance curves
specifically for military-type targets such as aircraft, tanks,
and guns; what is available consists largely of the spectral
reflectance of v-~rious metals and military paints. Since mili-
tary rield equipment is normally p-ctected by paint for dura-
bility, the reflectance characteristics of olive drab paint,
which is commonly used on field vehicles, can be used when data
for the actual vehicle or weapon is not availsble, Similarly,
the reflectivities of smail guns can roughly be determined by
considering, for example, the reflectance curves for unpainted
metal; for military and civilian personnel, the curves for f{ubrics

(khaki shirt, olive drab fabric, etc.) can be used.

ieference 4 was & secondary source of visuval reflectivity
data. This report contains about 40 spectrel reflectivity curves
of target objects and backgrouncs characteristic of S.E. Asis,
including, for example, straw hats, Thai skin, sampans, and rice
stubble., Wavelength coverage is from .4 to .9 microns only.
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In the visible and infrared portions of the spectrum, the
data presented in the Michigan reports ars chiefly fcr reflec-
tance, with only a very small amount of emittance information
given, The gnissivity of any target or background depends o.:
the amount of energy its surface can absorb, A surface that
absorbs most of the infrared radiation striking it will emit a
relatively high amount and thus the emissivity will be compara-
tivelv large, The following guidelines can be used in approxi-
mating the cmigsivity of targets and backgrounds:

(1) 1In general, a rough and dark surface has a high emis-

sivity and low reflectance; the reverse is true for a
bright and shiay surface,

(2) Tor an opaque material (and most targets and backgrounds
ar=z opague or nearly opaque), the emissivity is roughly

equal to 1 minus the IR reflectivit, value.

*(3) Emisgivities of targets and hackgrounds are generally
high, and correspondingly, their IR reflectances are
low, For example, in the 8 to 15 micron region the
emissivities of surfaces exposed in normal terrain
(e.g., soils, rock, water, vegetation) usually range
between .83 to ,99., And since the sum of the reflec-
tivity and emissivity of an opaque su-~face is roughly
one, the reflectance of such terrain features must
range between zero and .15 in the 8 to 15 micron re-
gion,

D. Radar Reflectivity

The radar reflectivity value for a perticular target (or
background) is computed by dividing the target’s radar cross

section by the projected area, When an object is illuminated

by a radar, some energy !« absorbed and the remainder is scattered.
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The radar cross section is a mezsure of the echo return at the
radar produced by the backscattered energy and is usually ex-
pressed in square meters. Projected area is the surface area

of the target illuminated by the radar, als. in square meters,

Radar cross gections for scatterers with simple shapes
(e.g., sphere, cone, circular plate) have been tabulated. How-
ever, the radar cross section of complex targets (aircraft,
terrain, buildings, etc.) are much more difficult to determine
since such targets are composed of many individual scatterers
each with different scattering properties. Moreover, interactions

may occur among the scatterers which affect the cross section,

In addition, there are three significant parameters which
affect the radar cross section of complex targets: viewing as-
pect angle, radar's operating frequency, and polarization, The
radar reflectivities given in the listings can be considered
rough values for a Ka band radar (frequency = 26,5 to 40 GHz)
and for a 450 aspect angle; polarization (vertical or horizontal)

was variable,

The chief sources of crozs section values used ia computing
radar reflectivities were the Michigan repusts., In these reports,
active microwave data, in the form of radar cross section (in
decibels) as a function ~f angle measured from the norma' (aspect
engle), occurs for many background masterials suck as various
types of vegetation, soils, water, industrial areas, concrete,
and asphualt but not as yet for military-type targets, Signifi-~

cant parameter information appesrs in the curve header of euach
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Hichigsn cross section graph, including radar fregquency band,
polarisstion, and total sampling erea »~r sverage point (pro-

jected area)., However, parametric information is so times not

complete, especially in the case of projected area,

Some radar cross section information for military-type tar-
gets can be found scattered throughout the literature, e.g.,
Refs., 5, 8, and 7, and these data were utilized when applicab. 2,
In many cases, however, radar reflectivities for tesrgets and

backgrounds were extrapolated or estimated.

E. Target and Background Temperature

Determinatioa of target and background temperature is a
complex matter that is asually nnrt amenable to quantitative
treatment except for computing rough approximations. The fol-
lowing procedure can be used to provide a rough estimate of
target temperature. For the country of interest, consider the
average ambient daytime and nighttime tewperatures for the appr -~
priate season of the year, Target temperature data are generated
arcund these day and nizht temperatures, and a judgment is made
as to whether a specific ta.ge: would be hotter or cooler (or
the same as) asmbient temperature, In making this judgzment,
several factors are considered: target color, emissivity, and
heat conductivity; size, stape, and material of the target,; tar-~
et movement; target background, This list is not exhaustiv.

but most likely includes the most important parameters.

Background temperature will gensrally be + 10 perce:t of

average daytime or nighttime Fahrenheit temp:rature.
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teameratures were available for only cae city, which is named
in the table; the temperatures for other countries represent the

average of several cities.

Table Al
MEAN TEMPERATURES FOR SELECTED COUNTRiESs

Mean Temperature (°F)

| ]
Mean temperatures for Jaauary, April, July, and October are
given in Table Al for selected countries. For scas countries,
3
i

LA e

Country
January  April July October

Argentina {north of 35° S latitude) 74 82 50 63
(south of 35° S latitude) 70 56 43 56
Austria (Vienns) 32 49 66 49
Brazil (nerth of 152 S latitude) 79 79 76 78
{south of 15 S latitude) 77 74 67 73
Bulgarir {(Sofia) 28 50 69 53
China (NW, Sinkiang) 23 59 R0 57
(SW, Tibet) 24 42 58 46
{Central Intericr) 34 ;] 79 58
(NE, Peiping area) 25 57 81 58

(E Central, Shanghai area} 40 58 82 85 :

(SE, Hong Kong area) 60 71 83 77 :
Congo, Republic of the 73 72 87 75
Cuba (Yavana) 70 74 79 77
Czechorlovakia (Pregue) 30 18 3 49
Englan¢ (London) 3u 48 64 50
Finland (north of 64: N latitude) 10 28 56 32
(south of 64 N latitude) 21 37 64 41
France 41 52 69 55
Gernany, East 29 44 64 48
Germany, West 31 46 64 48
Greece 48 59 /9 66
dungary (Budapest) 32 52 70 52
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Tsble Al {Continued)

Country

India (N, Delhi area)
(8, Madras area)
(B, Bombay arva)
(¥, Calcutts area)

Ireland (Dublin)

Italy (north of 42° K latitude)
(south of 42° N latitude)

Jordan and Israel {Jerusalem)

Lsos (Luang Prabang)

Lebanon (Beirut)

Nepal (Katmandu)

Hetherlands (Amsterdam)

Norway (north of 64° N latitude)
{south of 64° N latitude)

Poland

Rumania

Scotland (Glasgow)

South Africa, Republic of

Spain (north of 40% N latitude)
(south of 40° N latitude)

Sw~den (north of 64° N latitude)
(south of 64° N latitude)

Thailand (Bangkok)

Turkey (Istanbul)

United Arad Republic (Cairo}

USSR (NW, Archangel area)
(W Central, Moscow area)
(S¥, Rostov area)
(% Central area)
(8 Central area)
(NE areca)
(SE, Vladivostok area)

Yenezuela

Vietnam, North (Hanni)
Viernam, Soutk (Saigon)
Yugesle 1s (Belgrade)

Mean Temperature (ol')

Janusiy April July October
59 85 88 80
76 e: a7 82
78 83 81 82
67 86 84 81
40 45 58 43
34 54 74 55
48 58 76 65
45 60 76 70
69 83 83 80
55 65 80 7o
50 68 76 68
3 47 63 51
24 30 50 35
28 39 60 43
25 46 66 48
26 50 72 52
39 45 58 47
70 63 54 63
42 51 68 56
50 59 18 66
16 28 56 32
27 38 63 43
79 R7 74 83
42 53 75 63
55 70 83 74

8 30 €én 34
13 38 64 39
21 48 75 50

~-20 4 54 i3
-5 31 7 33
-28 4 52 16

7 40 65 49
73 76 76 74
63 75 85 70
79 86 81 81
33 53 72 54
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Table A2

Note: The numhers for each object type are im order; 1lst row: lemgth,
width, height, visual spectrum re’lectance, IE spectrum reflectance;
2nd row: radar reflectivity, emigcivity in YK spectrus, average prob-
ability of misidentification, average probability of mfisrecognition,
and category for multisensor processing.

5 AR AR o s e e T AR AR IR AR S . .y n e " = Cs 3
v
’ . . - . - -t - - i /" .

g LISTING OF OBUECTS BY DETECTION AND RECOGNITION CLASS
DETECTION GROUP 1 -~ AREA TARGET
¢
1 RECOGNITION GROUP 1 - LARGE AREA TARGET
c LENGTH WIDTH HEIGHT (METERS)
, A{RFIELD, CONCRETE 1450,  950. .01 .28 .30
i .03 .70 .07 .01 11
. RMBLLY, ASPHALT 2750, 50, .01 .03 .09
.03 9 .09 .01 14
AIRF1AD, EARTH 300. 175, .09 .09 .09
.03 .91 .15 .09 12
TAXIHAY, ASPHAIT 2069. s, .0 .03 .09
.03 .91 .05 .01 14
a C
* 1 RECOGHITION GROUP 2 ~ MEDIUM AREA TARGET
c
HANGAR, STEFL 159, 50. 46. 18 .19
.02 .81 .20 .35 11
POND 7. 5. .01 .06 .02
] .03 .98 .20 .30 12
; METAL DOME &0. 60. S5. .40 .41
| .03 .59 .30 .45 11
C
: DETECTION GROUWP 2 - LINEAR TARGET
¢
2 RECOGNITION GROUP 3 - ROAD
C LENGTH WIDTH HEISHT (METERS)
: ASPHLT RD JUNCTION 5. 5. .01 .05 .09
% .4 .91 .00 .00 12
j MASONARY WALL 100. 5 2, .28 .28
.03 T2 .28 .35 11
BAMBOO FINCE 10, A1.5 .22 24
00405 .78 30 .35 14
¢
2 RECOGMITION GROUP & - BRIDGE
C
KOODEN RR BRIDGE 100, 5. 2. .27 .20
.3 .80 .01 ,01 14
STEEL BRINGE 75, 4.8 1. 10 A3
.02 .87 .04 .01 1
CCHLRETE, BRIDGE 5¢, 6. 0. .30 .31
A-9
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] .93 .69 TN 11
i ~ STEEL BRIDGE 60. 3.8 1. A0 13
02 .87 O 1
: STEEL BRIDGE 50. 4.8 1. 0 a3
.02 .87 0t 0 11
WIODEN RR BRIDGE €, 4, 10, .28 .5
.03 T A1 L0 1
~LANE WOOD BRIDGE . a0 1.3 2T L2
.03 .80 01 L0 i1
! FCOTBRIDGE 16. 1.0 e .27 .2
.03 .80 .01 .01 11
C
‘ 2 RECUGNITION GRCUP 5 - RAILRUAD TRACK
¢ LENGTH WIDTH HEIGHT (METERS)
j RR, MULTIPLE TRACKS 0. 45 .1 o0 .20
.02 .80 0 .00 14
: PR, SINGLE TRACK 250, 1.5 .1 200 .2
; 02 .80 03 .02 14
; RR SIDING 250, 1.5 .1 AT .18
f .03 .82 oL .00 14
RR SWITCH IRACK 0. 1.5 .1 47 R
: .03 .83 - I [ 14
R% SPUR 200, 1.5 . 200 .20
.02 .80 09 .03 14
RAILROAD JUNCTION 20, 4b 4200 .20
o .80 00 .20 14
L
2 RECOGNITION GROUP ¢ - RAILROAD CAR
c
RAILROAD EMNGINE 1. 2.5 3. 0 .10
3 .90 20 .1 3
RATLROAD GONDOLA 1, 2.5 23 A0 13
.3 .87 A0 .20 3
RAILROAD PSNGRUAR i, 2.5 3.3 10 13
3 .87 SEEENT 3
RAILROAL KITCHEN 1. 2.5 3. A0 L1
3 .89 A6 .40 3
RAILROAD COACH 1. 2.5 3.1 40 13
i .87 A0 10 5
RAILROAD BUXCAR 1, 2.8 3.1 40 3
3 .87 A0 10 3
RAILRGAD TATKCAR 1. 2.5 3.1 A0 M
A-1G
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.3 .89 .10 .20 3
RAILROAD CABOGSE 8.2 2.5 3.1 .10 .13
5 87 10 .19 3
RAILROAD TENDER 6.7 2.5 2.5 10 .12
. . .10 A0 3
DETECTINM GROUP 3 - GBJUECT ON HATER
RECOGNITION GROUP 7 - BOAT
LENGTH HIDTH HEIGHT (METERS)
POWER BOAT 8. 2.4 1.2 .09 '3
.3 87 .10 .40 g
SAMPAN 6. 2. 5 .12 .16
.3 24 .08 20 8
18-F00T WOOD ROAT 8.5 2. 1. . ¥ .16
.3 B84 .08 .20 8
PONTON 7.2 2.4 2.5 .09 13
.3 .87 L 0€ .20 ]
DETECTION GROUP 4 -~ LARGE LAND OBJECT
RECOGNITION GROUP 8 -~ SMALL AREA TARGET
COLTIVATED FIELD 3G. 30. .01 .08 12
3 .10 .00 12
BAMBOO ENCLOSURE 30. 30. . .22 .22
00006 .78 290 .36 11
GAME COURT, EARTH 30. i5. .01 .10 .10
02 .90 .25 .40 1¢
CLEARED ARFA 30. 10. .01 .18 .19
.02 3 20 35 12
RESERVNID i7. 17. .01 .06 .02
.03 .58 10 .20 12
CORRAL 10, 10, 1.8 .18 .19
.02 .91 .25 .30 11
RECOGNITION GROUWP 9 - LARGE BUILDING
LENGTH WIDTH HEIGHT (METERS)
CONCRETE BLDSG 40, 20. 1%, 25 .25
303 .75 15 .15 ]
TARGET aurrs EARTH 50. 10, 04 .12 12
."’.‘3& .88 .25 .30 11
A-11
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: moo e, 2 SToRY
| “Fure piigcT coMER

3 .81
PLASTER HOUSE
| A3 T2
- HOUSE, TILE ROOF
02 P
SHED, HAREMOUSE
02 .81
HOODEN ADMIN BLDG
03 .89

HPN CAMOUFLAGE NET
00006 .85

CAMOUFLAGE NET
30006 .85

CAMOUFLAGE WET
.00006 .85

a v o e o

RECOGNITION GROUP 11

2kt X e (&)

KUT, THATCHEDR R0CF
.02 .81

SHED, THATCHED ROOF
.02 B

PLASTER BLDG

.03 .12

WOOD SERVICE 8LD6
.02 .81

HUT, THATCHED ROOF
.02 .81

KITCHEN, THTCH ROCF
.02 .68

SHED, THATCHED ROOF
. Jz 81

114

- U S - -

4 FECOGNITION GROUP 10

DETECTION GROUP 5 -

20. 9.% 7.5 .28
.15 .15 1

9. 20, 1.5 .21
.15 .15 1

i5. 10. 3. .14
.30 .30 1

15.3 3.5 4.5 28

.15 .15 1
15.3 9.5 4.5 .20

.15 .15 1
18.2 7.6 4, .18

5.3 8.5 5.5 .18

CAMOUFLAGE, NET

9. 9. .04 .10
3B .30 12
8.8 8.8 .M .10

.39 .30 12
4.5 4.5 0% 10
.45 .30 12

MEDIUM LAND OBJECT

MEDIUM BUILDING
LENGTH WIDTH HEIGHT (METERS)
15.2 5.5 4, .18
.15 .30 11
15.2 5.5 4. .18
.15 .30 !
12.2 6.1 4.5 .28
.15 15 i1
12.2 6.1 4. .18
.18 .15 11
15.2 4.5 4, .18
5 .30 11
8. 8. 4. .18
15 .35 11
2.2 4.6 4, .18

.15 .30 11

A-12
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HUT, THATGHED ROOF 12,2 4.6 4, 19
.02 .81 A5 .30 1
HOUSE, Tii RO 7.6 6.1 &, 14
02 .85 40 .15 1
HOOD HOUST 7.6 6.1 &, .18
.02 .81 A5 .15 1
LARGE MD HUT 7.6 4.6 3.5 .18
.02 .81 A5 .15 1
HOCDEN BLDG 6. 4.5 3.1 .18
.02 .81 A5 .15 1
FUEL STCRAGE TANX 5, 5. 2. 07
. .07 .93 A5 .10 1
5 CIGNITICH GROWP 12 -  MEDIUM BUILDING
c
ELECT SUBSTATION 10. 5. 4 .15
.03 .85 A5 .10 1
c
5 RECOGNITION GROUP 13 - MEDIUM BUILDIMG |
c LENGTH RIDTH HEIGHT (METERS)
HOOD RR STATION 6. 6. 3.1 .18
. .02 .81 00 .00 1
5 RECCGNITION GROUP 14 - LARGE TOMER
c
STEEL RDI0 TOWR 8. 8. T5. .18
.02 .81 40 .08 i
STEEL CCIITRL TOMER 6. 6. 15. .18
.02 .8 40 .10 1
POKER LINE PYLON 5. 5. 18.% 22
.02 .18 A0 .00 1
c
5 RECCGNITION GROUP 15 - LARGE SELF-PROPELLED HEAPON
c LENGTH HIDTH HEIGHT (METERS)
400MM TRAC MCRT SP 20. 3.6 3.8 .42
3 .90 A5 .10 5
310MM TRAC GUN, SP 16. 3.6 3.8 .12
: 3 .90 : A5 .10 5
5 RECCGNITION GROUF 16 - TRACKED VECHICLE
c
BRIDGE LAYLIS TANK 12. 3.5 2.5 .14




.3 90 .
1229 ASLT CN, SP

3 N
HEAVY TANK
-3 90
ALE CLEARDNG TAK

.3 L]
AYPHIBIOUS TRACTOR

HVY ARTY TRACTOR
.3 .88

TRAC DITCHING MACH
.3 .88

TRACKED DOZER
.3 .86

AIPHIBIOUS TANK
.3 .90

TRACKED APC
.3 .90

2KED APC

.3 Q9°

~K RECOVERY VEH
3 N
D ARTY TRACTOR
.3 .88

5TMM ASLT GUN, SP
.1 -9

~PMCRED ARTY TRCTR
.3 .88

LIGHT ARTY TRACTOR
.3 .88

~62 TANK

.3 .90

PT-85 TAIK

X I
100MM ASLT &N, SP

11.1
11.6
10.
8.5
10.8
10.5
9.2
1.9
7.
7.

7.0
6.7

7.2

6.1

5.9

4.5
5.1
6.1
6.7

A-14

.10
.10
.10
.10
.10
.10
.10
.10
.12
.15

.09 4
3.3 2.4 12
.a 4
3.1 2.5 .12
.25 4
3.6 2.6 .12
.08 4
4' 2.4 .12
.08 é
3.1 2.5 .12
. 4
1 3.2 .12
Q‘o 4
3.1 2.7 .12
.10 4
3.3 2.4 .12
.30 4
3.1 2.9 .12
B 4
3.1 4.2 .12
.30 4
3.2 2.1 A7
.30 4
3.1 2.2 .12
.20 4
3.1 1.9 .12
.20 4
2.8 2.2 12
.20 4
3. 2. 92
8 4
2.6 2.6 12
.25 4
2.1 1.7 12
.30 4
2.5 1.8 .12
.30 4
2.2 2.1 A2
.30 4
3.3 2.4 12

.30
3.1 2.2 12

10
10
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03 090 9. .'2 .30 4
TRACTOR, AT-P 4.5 2.5 i.8 .12
1 .88 .20 .30 &
TRACTOR, AT-S 5.9 2.6 2.6 12
.3 .88 .19 .25 4
ATGM LNCHR, SP 5.6 2.1 1.6 .12
.3 .87 .10 .10 7
FROG LNCHR, SP 10.2 3.1 3.6 .12
.3 .87 .10 .10 7
RECOGNITION GROUP 17 ~ WHEELED VECHICLES
LENGTH WIDTH 'E1GHT (METERS)
49-TON DUMP TRUCK 10.6 3.4 3.7 .12
.3 .86 A2 .15 3
LOK BOY TRAILER 12.6 2.7 1.7 .12
.3 .86 12 .20 3
MISSILE TRAILER 10. 3.2 3. 12
3 .86 .19 .25 3
TRCTR TRK, SEMITRLR 11.4 2.7 3.6 12
.3 .86 12 .23 3
25~TON DUMP TRUCK 8.3 3.2 3.7 .12
.3 .86 .12 .19 3
12-TON TRUCK 9.7 2.7 2.6 12
.3 .86 12 15 3
280MM RKT/LNCHR SP Q, 2.7 4. 12
.3 .68 .10 10 3
2 1/72-T AMPHIB TRK 9.5 2.5 2.7 .12
.3 .86 12 .20 3
7-Tosi TRUCK 8.5 2.7 2.9 S
.3 .86 12 .15 3
16-TON DUMP TRUCK 8.2 2.7 2.8 .12
.3 .86 12 .15 3
TRCTR TRK, SEMITRLR 8.8 2.3 3.4 12
.3 .86 12 15 3
7 1/2-TON TRUCK 7.2 2.6 2.6 12
.3 .86 12 .15 3
GRADER 7.5 2.3 2.9 A7
3 .96 15 .25 X
. SHWR DECON TRUCK 6.8 2.5 2.5 12
¥ 3 .86 20 % 3
* BUS 7. 2.4 3. .28
.3 .89 12 19 3
A-15 ~
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4=-TON TRUCK
3 .96

.“
OXL/N&TU&TMK Lo
M TMK TRUCK

5-TON TRUCK
3 .86
NHEELED APC
.3 .90
240M¢ RXT/ANCHR SP
.3 .88
T-TON DP TRUCK
.3 .86
TRK, COMMUNICA VAN
.3 .86
5 1/2-TON DUMP TRK
3 .86
2 1/2-TON TRUCK
.3 “
TRACTOR TRUCK
.3 .86
30MM AA GUN, SP
.1 .89
MILITARY AMBULANCE
.3 .86
140MM RKTANCHR SP
3 .88
57 AT GIN, &P
.1 .89
TRACTOR TRUCK
.3 .86
2 1/2-TCR " TRK
.3 .86
GEN-PURFUSE, TRAILR
.3

.86
HATER TRAILER
03 %
8PDM-RECON VEH
.3 .99

6.7
6.4
6.9
5.9
5.7

A-16

2.5 2.3 .12
.15 3
2.4 2.5 .13
.20 3
2.3 2.7 A3
.15 3
2.4 2.5 A3
.15 3
2.5 2.k 12
.15 3
2.3 2.1 .i2
.a 3
2.6 3.5 12
. .10 3
2.6 2.5 .12
.15 3
2.3 2.8 .12
.15 3
2.3 2.2 12
.15 3
2.3 2.1 .12
.15 3
2.. 2.4 .12
A€ 5
2.1 2.9 .12
.25 3
2.2 2.1 .12
12 3
2.2 2.2 .12
LA 3
1.5 1.7 i1
.30 3
2.2 2.2 .12
.15 3
! 2.1 12
.20 3
2.2 2. Y
.15 3
2.1 1.4 12
.15 %
2.2 1.9 i2
.15 3

.14
.14
14
.14

.10




3 ;
SAM LNCHR, SP 11,8 3.1 3.7 2 A3
.3 .87 J0 10 T
HEAPON CARRIAGE 4.3 2.2 2.0 12 14
.3 86 12 .15 3
MISSILE TRANSP, SP 6.7 3.1 2.8 15 g4
.3 .86 12 .15 3
MISS..E TRAILER 10. 3.2 3, .12 14
c 3 .86 A9 25 3 ‘
5 RECOG.TTION GROUP 18 - MISSILE
C |
SS GUIDED MISSILE 21. 1.8 1.8 42 14
.3 .86 .10 .35 7
SURFACE-TO-AIR MSL 11.3 5 .5 12 .14
.3 .86 .10 .35 7 §
c
5 RECOGNITION GROUP 19 = CRANE %
c LENGTH WIDTH HEIGHT (METERS) %
16-YON CRANE TRUCK 9.6 2.7 3.4 A2 12 )
3 .88 A5 .28 3 |
3-TON CRANE TRUCK 6.9 2.3 4.7 .92 A2 %
3 .88 14 .25 3
c
5 RECOGNITION GROUP 20 =~ LARGE RADAR %
c |
LARGE RADAR 7.6 2.4 1.6 12 A1 4
3 .89 .10 .30 11
MEDIUM RADAR 4.5 .4 3.5 12 A1
.3 .89 10 .35 11
c
DETECTION GROUP 6 =~ SMALL LANL 09.1CT "§
¢
6 RECOGNITION GROUP 21 - TOWED VECHICLE 3
¢ LENGTH RIDTH HEIGHT (METERS)
203MM GUN/HOW TOWD 11,7 2.5 7.6 12 12
3 B8 .i8 .40 5
130MM AA GUN TOWED 11. 2.6 1. 12 12 %
.3 .88 .18 .40 5
100M4 AA GUN TOWED 8.1 2.1 5.2 g2 12 4
.3 .83 .18 .40 5
85MM AT GUN, SP 9.8 1,7 3, 12 A1
.1 .89 .18 .35 5 '
A-17




!
s |
|
130MM FLD GUN TOND 9.2 1.8 5.6 12 A1 |
o' .” .18 .Qa 5 ! -
ST AA GUN, TOHED 7. 2.1 4.8 12 12 -
.3 .88 .18 .40 5
10¢MM FLD GUN TOND 8. 1.8 4.3 12 A1
o1 .89 .18 4 5 |
12244 FLD GUN TOWD 8. 1.8 4.9 12 1 o
R .89 .18 .40 5 A
152MM4 GUN/HOW TOWD 7.4 1.8 4.5 2 11
R .89 .18 .40 5
24C™M MORTAR, TOWED 53 25 3.8 A1 .1
.3 .89 .5 .45 S .
1229 BUIT, TOUED 5.8 1.7 2. .12 R T
A .89 .18 .40 5 s
160M4 MORTAR, TOWED 4. 2. 3. K3 1 N
. .89 ‘ .25 .45 5
14.5M A2 HMG, QUAD 3.6 1.8 2.8 11 .10
. .90 .30 .40 5 !
107MM RECOILSS GUN el 1.3 1.4 10 19 1
; 00006 .90 .30 35 g
120M4 MORTAR, TOWED 2. 1. 1.4 10 .10
c 00006 .90 .25 .45 5 3
6 RECOGNITION GROUP 22 - SMALL VECHICLE L
C : :
CIVILIAN SEDAN 5.3 1.9 1.6 .20 A1 !
.3 .89 .19 .30 2 i
WRELKED SEDAN 5. 1.9 1, .2 .20 E
.3 .80 .19 .20 2 g
3/4~TON TRUCK 4.4 2.1 2.1 12 4 B
.3 .96 RE .35 2 i
1-TOM TRUCK 4.4 2.1 2. 12 14
.3 .96 .18 .35 2 e
1/2-TON TRWKK 4.5 1.9 2. .12 14
.5 .86 .18 .55 2 ;
1727 CANVS-TOP TRK 3.9 i.9 2. .09 A3
.3 .87 .18 .35 2
1/4 TON TRUCK 3.4 1.7 1.7 .09 i3 R
.3 .87 RSP 35 2
C
6 RPECOGHNITION GROUP 25 - SMALL SHELTER |
C LENGTH WIDTH REIGHT (METERS)
A-18
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MR N
HUT, THATCHED ROOF 46 3.5 8.
.02 .81 .20 .5
LRG CANVAS SHELTER 46 3.5 3.
.02 .86 .20 B
SMALL D HUT 46 3.1 35
.02 .81 .20 3
HUT, THATCHED ROOF 3, 5. 2.
.02 .81 .20 .35
METAL STORAGE BI'S 3, 3, 3,
e .3 T3 .25 .30
SANDEAG REVETMENT 3. 3. 1.8
.03 .81 .30 4
MEDIUM TENT 3, 2.8 2.
.02 .86 .20 .30
| ADOBE, HUT 2.5 2.5 2.8
.02 .82 .25 .35
BOXES ON PALLETS 3.7 1.2 1.
5 .05 .81 .30 .40
i PUP TENT 2.1 1.5 1.
.02 .86 .35 .40
POODEN OUTHQUSE 1.5 1.5 2.
. .02 .81 .35 .45
] 6 RECOGNITION GROUP 24 SMALL TOWER
c
SPIRE TOWER 3, 3. 45,
.03 .75 .20 .15
HiN PUMP 2. 2. 4.5
.02 .81 .15 .10
WOOD OBS TOWER 1.8 1.8 10.
.02 .81 .15 .15
HOUDEN TOWER 1.5 i.5 3,
g . .02 .80 .20 .15
; 6 RECOGNITION GROUP 25 WEAPON EMPLACEMENT
c LENGTH WIDTH HEIGHT (M TERS)
* CIRCULAR EMPLACEME 5. 5. .01
.03 .85 10 .5
AAMG EMPLACEMENT 3, 3, .6
.03 .86 6 .30
81MM MORT EMPLAL... 2.4 2.4 .7
.03 .85 .15 .35
A-19
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5
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801 MRT DPLACEN
..°s .“

1.8

1.8
.15

.6 .14
3B 5

DETECTION GROM® T - VERY SMALL LAND OBUECT
RECOGNITION GROUP 26 -~ EXCAVATION

RECOGNITION GROUP 27

14,.5MM AA H¥G, THIN
90006 .90

8211 RECOILSS GWN
00003 .90

ST RECLSS RIFLE
00003 .9

12. T4 AAMG
.00006 .90

82 MORTAR
403 .50

7.62M HYY MG
.00006 .90

S0MM MORTAR
00003 %0

RECOGNITION GROUP 28
T.52M LIGnT M-

20.

MEDIUM ARMS
LENGTH WIDTH HEIGHT (METERS)
i.

2.1
.30

.30
.30
.40

NN

.30
.40
.30
SHALL ARMS

.$
1.8 .0 .14

.8 .4

.3 .14
B i5

7 .18
.30 18
1.2 .18

15

1.5 .01 .03
.20 15

Ioi .14
.25 15

73 T BT N

o

2, 10
.20 5
.5 10
.25 5
.5 .10
.25 5
1. .10
.45 5
.5 .10
.40 5
i) .10
.45 5
.5 10
.40 5
3 .10

.10
10
.10
.10
10
.10
.10

.10

.t




DO

L0006 .90 .40 .46 6
RECOILSS AT LNCHR 1.2 A3 13 .10
.00003 .90 .35 -30 6
7.62"M RIFLE 1. 06 .1 e
.00006 .90 .48 .50 6
RECOGNITION GROUP 29 - LARGE ANIMAL
‘ LENGTH HIDTH HEIGHT (METERS)
CAMEL 3. 1. 2.2 .08
.3 .87 .10 .40 3
CATTLE 2.5 1. 1.5 .15
.3 .85 .10 .20 13
HWATER BUFFALO 2.5 i. 1.5 .22
.3 .78 .15 .20 i3
HORSE, 2.3 9 2. .15
.3 85 .10 AL 13
RECOGNITION GROUP 30 - PERSONNEL
DONKEY 2. 8§ 1.7 .10
o .90 .15 .18 13
PRONE MAN, EUROPE 1.76 Dy 16 .14
.5 89 .20 .10 1
PRON‘:'; MAN, SE ASIA 1.66 .44 .15 .14
5 .39 .20 .10 1
GOAT 1.2 SOt .15
.5 .85 .30 .25 i3
KNEELNG MAN, EUROPE .95 53 .88 14
.5 .89 25 LR 1
KNEELNG MAN, SEASIA .88 44 .83 14
.5 .89 25 .5 1
SHEEP .9 S .6 15
.5 .85 30 25 13
MIL PRSNL, EUROFt, .33 55 1.76 .14
.5 89 .35 .50 1
cly PRSNL EUROPF .32 R 1,68 .16
.5 .35 .30 !
CHOG! BEARER .3 S 1.6 .16
.5 .40 .25 1
MItL PRQNL SE. ASTA .52 44 1,66 14
.5 .8*9 .40 .25 1
DOG i 2 .4 .20
A-21

.19

.10
A1
.11
.15
1
.11
.15

.11

A1
1

.20

TR L RS

P - N

s R




S B . | .30 .50 13
[ C1V FREN., SE ASIA .3 40 1.55 .16 1
r 0‘8 .” l‘o 35 1
7 RECOGNITION GROUP 31 - MISCELLANEOUS CBUECTS
- ¢ LENGTH KIDTH HEIGHT (METERS)
b 4 Wing TER 3. 2. 1. .16 .16
; ! .00005 .84 B .20 1
x CART 4. 1.5 1.5 09 .11
N .3 .8 .20 .10 2
‘v' RYEING VATS 2. 2. 1. 97 .07
i .05 63 R .05 1§
DUMY TARGEY 1.8 1.8 2.5 .09 .20
é .02 .80 25 L% "
g ROLD BARRICADE 4. 5 1.8 .13 .13
.1 87 .10 .05 11
i BICYCLE 1.8 1.1 .46 09 L1
¥ 00006 .89 .15 10 2
: TARGET BACKSTCP 3. 5 2, .09 .09
% 00006 .91 18 .15 11
GRAVESTONE, 1, 1. 2. .28 .25
{ 00006 . 7H .20 .05 14
% FURNACE AND FORGE 1. 1. .3 03 .03
: . .5 .97 .20 .10 11
‘ Z RECOGNITION GROUP 32 =~ SMALL MISCELLANEGUS OBJECTS
. : i
PUNJ] TREP 1. 1, .0 22 .07 !
00006 .9% .35 .25 12
SMALL RADAR .6 1, 1.5 .08 .67 i
.3 .93 .50 .26 1 |
SYEEL. DRUM .6 6 .9 .10 .13 |
.3 .87 30 10 11 g
PLOTTING BOARD .6 6 1.5 .20 .20
50006 .80 .45 .45 1 )
SPIDER WU € & 5 .08 .14 .14
.03 .86 .40 .25 12
SUPPLY CaSE 7 5 .5 .15 .19 ~'
.3 B! .30 .20 11 ]
COOKING TIRE .5 5 .0 .03 0% i
.0% 97 48 .05 12
FIELD RADID .66 3, .05 10




oAt

NRY " L BT TRV AN ARSI g

000vs .90 .30 .20 2]
HOODEN BOX N 3 .3 .14 .19
.05 .81 .30 .20 i1
METAL BOX .5 3 6 A7 14
.3 8] vy .20 11
FIElD RAOIO .68 2 .4 .05 A0
00003 .90 .30 .20 11
FIELD RADIO .34 A7 .37 .05 10
00003 .90 .30 .20 11
FIELD TELEPHONE 3 S .03 .05
00006 .95 .40 .30 1§
DEMOLITION CHARGE 2 . .06 .06 .08 .10
.00006 .90 : .45 .45 1!
<
7 ~ RECOGNITION GROUP 33 - POLES
o LENGTH KIDTH HEIGHT (METERS)
ANTI-HELO STAKES .1 S 22 .24
.00006 .78 .25 .05 12
ORYING POLES .1 1012 .22 22
00006 .78 .25 .05 12
DETECTION GROUP 8 ~ AJRCRAFT
L
8 RECOGNITION GRUur 34 - NELICOPTER
C
TRANSPCRT HELQ 6.8 21, 5.2 .12 .14
02 86 .10 .05 9
¢
8 RECOGNITION GROUP 35 ~ FIXED WING AIRCRAFT
¢ LENGTH WIDTH HEIGHT (METERS)
JET MEDIUM BCMBER 3.5 33.5 0.8 .18 19
.02 .81 .03 .01 10
TRANSPORT A/C 31. 28. 10. .18 .19
V4 .81 LGS .01 10
JET LIGHT BOMBER 18.9  20.8 6.7 .18 19
.02 .81 .03 .01 10
JET FIGHTER 31, 28. 10. .18 .19
.02 .8 .03 .01 19
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Table A3

BACKGROUND CHARACTERISTICS

Reflectivities
Background Visual IR Radar Buissivity
Treoes
dense fc.est or jungle .08 .05 .06 .95
g-1lleried forest .08 .02 .06 .98
timbered savanns .10 .12 .06 .88
cloar forest .10 .02 .06 .98
conifercus winter forest .03 .03 .09 .97
(no snow)
coniferous winiar forest .55 .56 .06 .44
(sno¥)
conifercue summer forest 09 .09 .09 .91
«nd dry meacdows
deciduous summer forest .10 12 .09 .88
; and lush grass
£ deciducus autusn forest and 18 18 .09 .81
E ripe field crops
% evergreens .08 .03 .08 .97
: rubber trees .09 .09 .07 .91
§ palms .10 .10 .07 .80
brushwood .07 .14 .10 .86
pine .08 .02 .10 .98
nips; mangrove .09 .07 .07 .93
orchard .0g .18 .03 .82
Grass and Shrubs
grassy cleering in jungle .09 11 .08 .89
bamboo .08 .12 .06 .88
grags savsnna .09 .13 .03 .87
shrub and grass savanna .08 .13 .03 .87
A-24




Table A3 (Continued)

Reiiectivities
Background Visual P Radar Emissivity

Grass_and Shrubs (continued)

dry meadow o8 .15 .C4 .85

green meadow .08 .10 .09 .90
Plants and Crops

plantation Cad 15 02 .85

tea .02 .02 .06 .98

coffee .02 02 .06 .98

rice .04 04 058 .26

cultivated field .08 .12 .03 .88

garden .56 .03 .03 .97

ajfalfe .04 .04 .04 .96

wheat .04 .04 .04 .96
Water

canal or ditch .06 .02 .03 .98

lake or pond .06 .02 .03 .98

swamp .14 .02 .05 .98

rice paddy .14 .02 .05 .98

river .19 .04 .03 .96
Snow

snow, fresh fallen .77 .80 .003 .2G

snow covered with ice film .74 .75 .003 .25
Rock

gravel .22 .24 N2 .76

granite .18 .21 .02 .79

bare rock .20 .22 035 .78




Table A2 (Concluded)

Reflectivitios
Vigual IR Racar Lnissivity
sead .24 .20 01 - .80
sand dunes .25 .37 .03 .73
3uilt-up Ares
built-up area, city .15 .16 .02 .84
willage .15 .13 .02 .87
Road, Trail
concrate road .25 .28 01 .72 i
aaphalt road .05 .09 .06 .81
cobblestone atreet .24 .26 .03 .74 i
dirt road .10 .10 .04 .90
trail .12 .12 .10 .88
Miscellaneous
railroad tracks .15 .10 .03 .90
salt evaporator .74 .74 .01 .28
clear area .18 .18 .03 .81 !
hard packed dirt .10 .10 .03 .90
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Appendix B

SENSOR MODELS

This appendix presents a description and data flow disgranm !

for each of the gensors in the CRESS-A gnd CRESS-Z ¢omputer pro-
gramg, These models were developed ia conjunction with Honeyvell,
Irn¢., Minneapolis during the SRI particigpation in the U8, Army i

study 'TAPS-75," in 1966, and in the SRI study "Systems Anaiysis

of Advanced Target Acquisition Systems :U)," don¢ for the U.S.

Marire Corps i. 1967, f

A
&
:
!

wae modals developed in theee studies were designed for :
indepzndent simulation of the performarce of the sensvrs in an :
alzrcraii, or cbservatlon « . ©CRESS is designed to simulate
the combined pcrformance of the group of sersors in gi airplane, !
or nbservaticn post., dowever, the capab.lity to simulate the
sengorsg independently also remaing in CRESS, The celculztiicas §
to gsimulate the numbers of objects sighted ars in a aing’e sub- -

routine in CRESS instead of each sensor subroutine,

Bl

%
;
4
N
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I PHOTOGRAPHIC SENSCOR MODEL

The analytical model developed for photographic sencors
includes as iaputs misaion variables (altitude, distance from
flignt path), atmospheric conditions, sensor parameters, and
target element characteristics. Model ocutputs include probabili-
ties of target element detection, recognition, and ideatifica-

tion.

The photographic sensor medel 1s shown in block dia-
gram form in Figs, B-1 through B~3, and is based on an ap-
proximation to the MIF (modulation trangfer functicn) ap-
proach to computing system regsolution, Results obtaired from
the simplified approsch should be sufficiently accurate to simu-
late tactica: photo=r czonnaissance missions, Simulations of very-
high-resolution strategic reccnnaiss.unce systems, however,

might require that MTF techniques be used in the computer model.

A

High-contrast resoclution (Rmax' is obtalned from an optimun
bulance of lieng, film, and image motion, as shown in Fig. B-1,
for postalaved systems., To simulate photographic systems ior
which actual operational dzta are available, only the opesational

value of high-contrest resolution (B ) iz necessary.
)

Figure B-Z illusitrates the computation of system operational
resolution, Operatioasl vesolution (R} iz related to high-
contrast rezolution (kmax) as a function oi apparent target-
contrast wmodvlation Gﬂa}. Aa shown in Fig, B-2, intrinsic tar-

zat conlrast is Jirst determined as the ratin oif aighlight to

-

B~3




lowlight reflectance. If the target reflectance is greater than
the background reflectance, target reflectance will be uscd for
the highlight, Should the hackground have a higher reflectance
than the target, its value is entersd for highlight reflectance
and the target reflectance 18 taken ss the lowlight value. In-
trinsic coatrasgt is reduced by the effects of haze, smoke, or
rain. Contrast reducticn is assumed to vary exponentiully with
the ratio of slant range (Sr) to visibility range (Vr). The
vigibility range (or wmeteorological range) is deZined as that
range av which target contrast is reduced to 2 percent of its

initial value (Ref, 1).

The k. “atry of the photographic model is shown in Fig. B-3.
Targets are assumed to have sufficient height so that they sub-
tend the samc angle when viewed obliquely as when viewed verti-
cally. Thus, ground-resclved distance (D ) varies only as 3
function of scale (S) and system operational resolution (R),

Photographic scale is computed for four camera types:

1, Vertical frame
2, Forward oblique
3, ©ide obligue

4, Panorenmic {vertical or forward oblique).

A conditional protabilitv f detection is next determinad
as & function of the ratio of target area to ground-resoived
2
distance, (D, . D /D =YX ). The dotection probability ot -
tx ty 8 p
tained (Pd) is conditional on the event that line-of-sight and

the decisions on whether it exists or not are made external to

R g e
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tiie photographic model, Howavui, the probability of dzcection
printed on the Contrcl Copy incorporates the line-of-sight pro-
bability.

The detection, recognition, and identification probability
curves (Table B-I) included in the photo model were estimated
from the limited data available in Refs., 2, 3, and 4; therefore,
initial results of the simuleti~rng were reviewed by SRI and
military personnel expcrienced in reconnaissance missions to
~ngure that the probability curves yielded realistic target

detections, recognitions, and ident!¥ications,.

The effect of photo-interpreter performance is approximated
by having the probability curves approach some value less than
unity for Np)bi. Por example, if the photo-interoreters are
assumed to detect 50 percent of the unmasked targets, then P

will approach (,S as N grows larger,
p

The model is called on twice for esch target element, once
to obtain ike probability of detecting the element, Pd , aad
e
once to calculate the probability of detecting the element’s

shadow, Pds' The probability of detecting that type oI target

element is then calculatet a8 P = 1-1-P. ) (A-P ) in the cailing
d de ds

program,

2]
1
b
[}
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Table I

PHOTOGRAPHIC SENSOR MODEL--VARIADLES AND DIMENSIONS

Mission Variables

< = g

Aircraft altitude, feet
Later=]l distance of target from fiight path, meters
Horicontal plane illuminance. foot- candles

Platfora gruund-track velocity, knots

atmospheric Variables

Atmospheric luminance, foot-!-.uberts
Percent cloud o verage/i.0
Atmospleric transmission

Vieibility range kilomzters

vamera Parameters

F -
f -
K -
r
Nl -
p -
Tl .
R
max
W -
\1~ -
8 -
Camera
type -

Relative aperture (f-numher)
Pilter fac.or
Facal le..gth, inches

Filwm-scsolution conefficient, mm—lu(meter-candlcn
seconds) "+ 349

lene zfficiency, percent diff.ac*icu-)imited,/100
T:rcent INC error/100
Lens transmission

High~contrast operational resolution (if appli-
cable), ip/mn

Residual platform rate, radians/second
Porvard obligue depressiorn angle, degrees

S1litc ovblagque dpressicn angle, degrees

Forward cblique, side oblique, vertical frame,
panoramic

[EPIFURIRSVNPURS N .




Tuble B~I (Continued)

PHOTOGRAPHIC SEI'SOR MCDEL--VARIABLES AND DIMENS?ONS

Thr!ﬁt Characteristics

- Target dimension in crosstrack direction, meters
- Target dimension in flight direction, meters

D
tx
Rh - Highlight reflectance (tairget or background,
whichever is larger)

R ~ Lowlight reflectance (target or background, which-
over is smaller)

Ccastants

Kl - 1000 mm/meter, met: r/kilometer

Kz - J3.3048 meter/Icot

Ks = 12 iaches/foot

F, Variables Iaterucl to tho Model Omnly

O A o U M R A S Ok BRI s 10 Mol LMK 3 AT SN SIS A WD, NP

Ca - Apparent target cantragi (with atwospheric loss)

CE - Intrinsic target conivast (nc atmospheric lc¢ss)

DQ Ground-resoclve distance, meters

I; - Firw jowlight 1lluminance, meter-candles
H; - Ajparent contrest melasiation
Np -~ Ratio of target arza to resolved distance~gguared

Pd ~  Probability orf Deteciion

P1 - Prubability of identification

FP Prchability of recogniticwn

n‘ - Zffec.’ve operational resolution, lp/um

n rens-only resoclution (bigu-contrast), 1lp/mm

e High-contra«s reselution, 1p,mm
Sf - Forward-oblique scale facter g‘
Sp - Papcromic scale factor :

bt b AR Tk
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Table B-I (Continued)

PHOTOGRAPHIC SENSOR MODFL--VAKIABLES AND DIMENSIOn:

Sr ~ Slant range, meters

Ss - ‘Side~oblique scale factor

Sv - Vertical-frame scale {actor

T - Optimizecd exposure tirwe, seconds
Vi - Image velocity, mm/second

E-13
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II INFRARED SENSOR MODEL

The infrared sensor model simulates scanning~-type infrared
systems whose imegery is recorded line-by-linc¢ on photographic
film in a manaer 3omewvhat azalogous to the photographic strip
camara, SRI's infrared aengsor model operates sccording to the

block diegram presented in Figs, B-' through B-6.

The geomerric characteriatics of the infrared sgcanner are
shown in Fig, B~4 The seasor angular resolutions in tr2 flight
(ax) and crosstrack (ay) directions are combined with slant
range (S_) to yield a resolution cell on tihe ground (Ag). The
target area included within the resolution cell (Ate) is cal-
cvlated ajong with any backgrovad area (Abe) within the cell,
The number of target elemciuts resolved (N ) is also Cetermined

a® shown in Fig, B-,

The infrared energy radiated from the actual resolution
cell as well as the energy radiated from a referencz cell as-
sumed to contain only backgiound is attenuated by atmospheric
absorption and scattering. The absorption coefficient (ra)
2ad scattering coefficient (rs) are computed for one of eight
infrared "windows' as outlined in Fig. B-5, Thc particular
window for which the absorption coefficient is calculated is
that window whose wavelengilh interval of maximum transmission
corresponds to the wavelength interval of peak IR detector

response, The gquaniitative values for determining scattering

B-14
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and absorption are taken directly from Ref, 5. The altitude
correction term, A(H), was obtained by fitting a third-order
polynomizl to an altitude correction curve also givea in

Ref., 5, Atmospheric losses, lens erfect!ve arca, and range-~
squared loss are combined for convenienc2 of notation as Ro in

Fig. 8-5.

The power received at the infrared fdetector is found
(Fig. B-6) by integrating Planck's equaticn over tne wavolength
intervcl cof detector responee for both the actual resolution
cell containing target and surrounding background (Pé) a8 well
as the reference cell containing only background (P;), Both
Pg and P; are then compared with the noise-equivileat-pover
(NEP) of the detector, If either of these power compunents is
less than the NEP, the actual power value is replaced with NEP
for calculating tke signal~-to-noise ratic (S/N¥), To illustirate,
assume that P; > NEP tut Pé < NEP, The effective target power
will then be set «gqual to the actual taryet power received
(Pt = P;), but the bsckground power will be ciamped to its
minimum effective level, Pb = NiiP, thus yielding a2 smaller

(and more realistic) value of signal-ti-noise ratio,

The conditional probatility of detection (Pd) is calculated
as a function »f signal-to-nocise ratio, A3 is the case vith
nnotv and radar models, the probability of detection is condi~
tioned on the existence of line~of-sight between the sensor =nd
target. The effect of IR vegetation cover (Cvi) is combined
with the conditional probasbility of detection to ylield the pro-

bability of detection (Pd) printed or the Control Copy.

B-1¢&
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Interpreter performence is included on a percentage per-
formsnce basis by having the probability curves approach &

value less taen unity as Nt becomes very large.

Teble B [ lists the infrared mcdel variables and their

dimersions,
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Table B-II

INFRARPD SENSOR MODEL-~-VARIABLES AND DIMENSIONS

A, Misaiop Variables
Cvi ~ Percent effective IR vegetation coverage/1CJ
H -~ Aircral?i altitude, ‘2ot
Y - Lateral distance of target from flight path, meters
Terrain
type - Smooth, rolliing, or rough
B. Atmospheric Variables
Cc - Percent cloud coverage/100
RH - Percent relative humidity/100
o o
T - Absolute ground air temperature, C + 273.2 = K
g
Vr ~ Visibility range, kilometers
C. Infrared Sensor Parameters
*
Ale - Effective lens aperture, meter
NEP - Noise equivalent power of detector, watts
gx - Net angular resoluticn in flight direction, rasdians
a ~ Net angular resolution in crosstrack direction,
Y radians
A, - Lower wavelength limit of detector, microns
1
Az ~ Upper waveleagth limit of detector, microns
*

Effective aperture = (physical aperture) x (system trans-
mission)

B-21
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k| ’ Table B-II (Continued)

IXFRARED SENSOR MODEL~-VARIABLES AND DIMENSIONS

k)

S A AR

;l ? D. Target Characteristics
Dtx «~ Target dimension in flight direction, meters
Dty ~ Target dimension in crosstrack direction, meters
Tb - Absolute backgrouad temperature, oC + 273.2 = OK
§ Tt ~ Absolute target temperuture, OC + 273.2 = OK
% ‘b - Background emissivity
% (t - Targeti emisgivity
Vg !
11 : E. Constants
g K1 - 1000
K2 - 0,3048 meter/foot
K3 - 1,19076 x 108 n;cron4-watts/meter2
K, ~- 1.43870 x 10 micron-%k
?1 - 19.83o
?2 - 4969 K
ao - 1.0000
a, - 4.245 x 107 (feety ™
5, = 3.62 % 107 (feet) 2
ag - 5 x 10:17 (feet)_3
‘ Ai ~ Mid-wavelength of ith window, microns (i = 1 toc 8)
wi - Precipitable water constant of ith win@ow, mm
t‘ Ai - Abgorption constant of 1th window, mmué .
3 Bi - Absorpcion constant of 1 window
ki - Abrorption constant of ith window

i, et
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Tsble B-11 (Continued)

INFRARED SENSOR MODEL--VARIABLES AND DIMENSTONS

AL ¢ i e R

.: 4
3 F, Variables Iniernal to the Model ‘ ]
% ] 2 -
% Abe - Eifective background ares, meters o ;
3 2 ' u
£ Ag - Ground-resolved area, meters {f :
§ :
. 2 v M
% At - Target area, meters R N
:
% Ate -~ Effective target zrea, meters :
i D . - Oround-resoived distance in flight direction, :
13 & reters :
? D -~ Ground~resolved distance in crosstrack directioa, ? é
: sy meters y
b3 .
i N, - Number of target elements resolved ;
i Pb = Effective power received from reference resolution

: cell, watts

% PL - Power received Ifrom reference resolution cell con-

; taining background only, watts :
¢ 2, = Probability of detection {
¥ i
: Pi « Probability of idzntification i
3 Pr - Probability of recognition ;
; Pt - Effective power received from actual resolution ;

cell, watts

Pé -~ Totel power received from resoluton cell contain-
ing target and surrcunding background, watts

5 Ptb ~ Power received from bac.zver7? survounding target
within reaolution cell, wai'=
Ptt - Power received from target within resoiution celil,

watts

q ~ Vigibility coefficient

@ B-27
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Table 3-11 (Cortinued)

INFRARED SENSCR MODEL~-VARIABLES AND DIMENSIONS

Variables Interasl to the Model (Contd,)

R .

o - Intermeciate variible f :.r coavenience only,
microni-watts/meter2

Sr « Slant range, meters

S/N - Signnl-to-aoise ratio
w ~ Precipitable water, mm

X - X simension of target ly.ng within resclution
cell, meters

Yte -~ Y dimension of target lying within resolution
cell, meters
A¢ °~  ~ Altitude correction term for absorption
g ~ Attenuation coefficient due to atmespheric ab-
sorption
r - sttenuation coefficient due to atmc -pheric scat-
s

Foc e
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IXI RADAR SENSCR MODEL

The side-icoking-airbosrne-radar (SLAR) sensor model om-
ployed hy SRI is teken cirectly from the Kinneapolis-foneywell
radar model (Refs, 5 and 7)., The description of the rxdar
mcdel thet follows deals principally with .he minor swdifica-

ticns made to the Honeywsll moarl to 3implify i,

The sodified Honeywell radar model emploved by SRI is 3u¢-
ined ‘a the block diagrams shown ia Figs, B~7 threough B-12.
Figure B~7 describes the computaiicn 0f anteuns gain, terget
and background radar cross-gect.on, ad the radar cross-szctioo
of 2 refaronce call assumed to zon*ais only background, The
methods shown ia Fir, B-7 ore identicel to the Honeywell ap~
proaci, with tie¢ exnzeptior that targst lateral distence from
tne aircraft goow? trecii is fod into the model rather than

being comyp .tv:d 1n > part of the model,
T i

Tha rader nohse ponwe vesulting from rain boekscatter (Pnb)
is obtained 33 sL.a+ ir fig., B-8 slouag with the sttenuation

cecefficisnt (r

r:

15 veused Ly etmouspheric and raiin absorption,
Honeywell's model uses a layered atmospheove for several pur-
poses, iaciuding the cemputction of rain backscattier; SRi's
model assumes an sverage rain and/or atmospgheric densgity betwesn
the senzor and ground. The SRI model alse assumes thst all
radar systema employed have & ccsecant-squared aatenng gain
pattern receiving upiform power from the ground scene indepen-

dent of target depreesion angle. This charscreristic of “co-

B-25




pacaut-gquared” antennas aakis possible & simplified cslcula-
tioa of averuga powsr density on the rain cell (Fig. B-8) with- '
out having to compate the asecific variationu in antenna gain

elong the rain cell by slicing the cell iato layers.

Figvre B~2 shown the steps reguired for conmputing the

power recaived from the target (ptt) and background (ptb’ with=-
in the resolution cell e: well as the power from the reference
cell (Prb) contairing culy background, The procedure shown in

Fig., B~-% i8 identical to that cf Honeyw:1ll for coherent radare,

Noancoherent and scannisg radar signal snhancement (pulse irte-
gration) is cowmpuied ss shnwn in Fig. B-12. Tne effective num-
ber o? pulses integrated is assumed to equal the square-roos
of the nuaher of pulses received, as suggested by Ref. 8 for
podt-~detection pulse integration and an operator monitering a

display scope.

The procedures for calcalating manping and MTI signal-to-
naize ratica presented in Fig, ¥-10 are 180 ide-tical .o the
Honeywall approach, At this point, the SRi aad Honeywel! wedels
diverge, with the Hopeywi:ll model using the signal-to-noise
ratios at the rece.ver plus a radar display-scone mocdel to
arrive at a bipary (ves or no) deriasior ou ‘et ctio., Ski's
nodel asgumas that the digplay cecoye 18 included in che pulses-
Integration effectivenass and that the reeccrding rilm places
an upper limit on resolutioen., The (RI model then calculatez a
datecticn probabiilty bases ¢u tl.e MTI co. mapping Slghal-=io-

noise ratios.

B~26
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The decision processes for MTI detectica and for detection,

recognition, and idoutification in the mepping smode are s3own
in Pig. B-ll1.

Tables B=JII presents ths radar model varisbles and thoir

dimensious.
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Table B-III

E1AR SENSOR MONEL-~~VARIABLES AND D:I™INSIONS

#igsion Variablios

CVT ~ Perucnt affective radar vegetation coverage/100
K - ircraft altitude, feeot

Vg - Aircraft velocity, knots

Ymn - Minimum lateral radar range, nmeters

Ynx - Maximum lsteral radar range, meters

Terrain

type =~ Smoocth, rolliing, rough

Atmnspheric Vaiiables

A - Atmospharic abscrption less, dB/kilometer
a .

Ar - Rain absorption loss, dB/kiiometer

Fr - Rain veflecti-ity factor, me_.ers

S1AR Seasor Paramevers

Film~limiteu . 2solvec area, -eters

1£
D -~ Eifective iinear ~zimuthal resolution of synthetic
b ¢
eptenca, meters
G = Marimum antenn2 ga.n, watts/watt
]
L ~ Range rssolution = 3 CT/chirg-ratioc, meters
o
v - Minimums detectable velocity (MTI), knets
Hn

PET - ulse repetition frequency, seconds

P -~ Radar electronic neigse power, wstts
nx
p - Transmitted pulse power, watlts
x
B-l8
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Table B-11i (Continued)

SLAR SEFSCH MODTL--VARTABLES AND DIMENSIONS

C. ' SLAK Ser-.- Parameters {Contd,)

E f& ~ Mioimus depression angle, rssians

3 b) - Perceat MTI biind spsed toiersnce/100

3

§ A; ~ Radar wavelength, meters

5 ri - Attesustion ccefficient due to transmitter plumb-
E - iag losc

% T .. = Attenuation cvefficient due to receiver plumiing
z pe

loss and signzl Tiltering

r - Attenuation coefficient due tc receiver plumbing
1088 and rain-cictier filtering

- Horizontal beamwidth, radians

b
w - Scan rate of scannang radar radians/seccnd
s

D, Target Characterisgtics

AR P LA Pee TS I P A FE - SR

Dtx - Target dimension in flight direciion, meters
ty - Target dimension in crosstrack direction, meters
L Vy -~ Target velocity component normal to flight track,
: knots *
% Y - Target lateral distance frow flight track, meters :
1; - Backgroun? rader reflactance %é
1: - Target vradar reflecta ce

; k2 - 0,3048 meters/foot

‘ ' : -4 -3
¥ K6 - 2,302R9 x 10 = (0,1 log 10) x 10

i &

: K, - 0,5144 (meter/second)/knot

H
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Table B-11I (Continued)

STAR SENSOR MODEL~--VARIABLES AND DIMENSIONS

Variables Intornal to the Model

A
rht

f

rr

A
rs

S

e

rr

th

< g

tt

abt

- %

arb

e

2
Effective background area, weters
Regolved area, meters
2
Ground-resolved area, meters

2
Target ares, meters
2

Effective target area, meters
Y detection decision, yegs = 1, no = €
dverage power density on raln cell, watts/meter2
Antenna gain, watts/watt
Uniformly distributed ~andom variable (0< NrSI)
Number of resolved elewents
Probability of identificarion
Total ncise power, watts
Radar nolse power due %o rain backscatter, watts
Probakility of detsction (MTI)
Conditionsal probakility of detection (MTI)
Probability of recognition
Reference background signal power, watts
Rain backscattered power, watts
Background simnal power, watts
Target signal power, wstts

Receiver background power, watts

Receiver reference hackgrcun:d power, watts

B~-38
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Teble B=III (Continued)

SLAR SENSOR MODEL--VARIABLES AND DIMENSIONS

Variables Internal to the Model (Contd.)}

patt = Receiver target power, watte

Pbce « Effective reference cell power, watts

Pmti = MTI signal power, watts

prrb ~ Retorence background reflected power, wattis

prtt - Target reflected power, watts

ptc - Tetsl puwe? from target ceil, watts

Ptce - Effective target cell power, watts

PDo -~ Transmitted power density, watts/meter2

ﬁd - Recognition decision, yes =1, no = 0

Sr - Slant range, meters

S - Raln radar cross-section per unit vsolume, metersz/

pv meter3

SNr - Signal=-to~-ncise ratio (mapping)

SNmti - Signal-to-neise ratio (MTI)

Vb <~ MTI blind velocity, knots

Krte - Target X - dimension within resolution cell,
meiers

Yrte -~ Target Y - dimension within resolution cell,
meters

B ~ Depression angle, degrees

as - Reference background radar cross-section, meters2

ﬂ; ~ Rain radar cross-section, meters

02 - Target radar cross~section, meter52

R Y
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Table B~11I (Continued)

S1AR SENSOR MODEL--VARIABLES AND DIMENSIONS

F., Variables Invernal to the Model (Contd,)

| 2
a%t = Bsackground radar cross-section, meters

' -
ra

Radar attenuation coefficient due to absorption




IV VISUAL SENSOR MODELS

The aerial vizual zensor model .3 a direct adaptation of
the Franklin Whittenburg visual mocdel. Reference 9 presents a
detailed descripticn of the model., Figure B~13 is a flow chart
of the model. A modification to allow the simulation of bino-
culars was made by multiplying the apparent size of the target
element {SA) by the magnification. The model is calied on
twice for euch target eiement type, once to obtain the probabili-
ty of detecting the element, Pe, and once to calculate the pro-~
bability of detecting the element's shadow, Ps. The probability
of detecting that type of eiement is then calculated as Pd =

1-Q - Pe)(l - Ps§ in the calling program.

The ground visual sensor model is a direct adeptation of
the aerial model depicted in Fig. B-13, The altitixle, Y, is

taken as 0 and the effective time, TE’ is set tz 1,

Table B~IV presents the visusl model variables and th-..

dimensions.
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Tah.i2 B-IV

VISUAL MODEL--VARIABL:'S AND DIMENSIONS

Migsion Varigbies

H = Aircraft altitude, faet
Vg < Aircraft ground sweed, knots

Y - Lateral distance from target to flight path, meters

Atmospheric Variables

H2 - Haze fantor
HO ~ 95 percent haze altitude, feet
A - Visual range, kilowc:ers

Target Characteristics

~ Target dimension, meters

tx
ty - Target dimension, meters
R“ - Highlight reflectance (TGT or BKGND, whichever isg
i .
higherj
R] - Lowlight reflectance {(TGT or BKGND, whichever is
' lower)

Sensor Chavacteristics

M - Magnificatin

Constants
K2 - ,3048 meter/feet
K7 - 1,0936 yards/meter
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V LASER SENSOR MODEL

The laser model was developed at SRI during the Advenced
Target Acquisition Study for the U.S, Marine Corps (Ref, 10),
This model {see Figs. B-l15, B~16, and B-17) assumes that a laser
opereating in the 1R spectrum, probably at 10,6 microns, will
be used to illuminate the target area and that a receiver
similar to the IR line scanners wiil be used to process the

reflected energy.

Table B~V presents the laser model variables and their

dimensions.
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Table B-V

LASEE SENSOR MODEL--VARIABLES AND DINANSIONS

Mission Variables

C . Percent effective vegetation coverage/1G0
v
H = Aircraft slititude, feet
Y ~ Lateral distance of target from flight path,
rR2tere
Terrain

type -~ Swooth; rolling or rough

atmosgheric Variables

RH - Percent relative humidity/100

)

nsj - 3cattering zrea ratio of particle
o
Tg - Absolute ground air temperature, K
Eg_ - Absorpticn area ratio of particie ,
J -
b, ~ Number of water droplets in the atmosphare,
J 3
varticies/com
rj - Radius of water droplets in the stmospiiere, cm

Laser 5 .sgy Par-~~<ters

NIP ~ Nclse equivaleat powsr of detector, wats

o, - Net angular scza resolution in flight direction,
N

radcians
of - Yet anguler scan resolution in craogsirvack direc-

tiov, radians

IA ~ Average powe. Irom W Jlasser, watts
D =~ Diamater ol receiving optics, meters
Ka ~ Cptical efficiency of transmitter optics including
- gcanner
B--49
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Table B-V (Continued)

LASER SERSOR MODEL-~VARIABLES AND DIMENSIONS

C. Laser Sensor Parumeters {Contd,)

%x

o)
o

w > Q@ X

>

= Optical efficiency of receiving aperture including

filter

- Target reflectivity

- Background reflectivity

- Transmitter heamwidth, steradians

-~ Number of receiver resoiution cells

-~ Aagle between nadir and target for air system

th
- Precipitable water coustan’ of i window, mm

~ Absorptior constant
= Absorption constant

- Absorptiou ccnstant

D, Target Characteristics

D
ta

(=}

tx

&}

ty
&
SAT

‘o

E, Constants

- Target dimension in
- Target dimension in
~ Target dimension in

-~ Target refiectivity

th

of i window, mm
th

cf i window

th
of i window

vertical direction, meters
£light direction, meiers

crossirack direction, meters

- Background raflectivity

oo

- 1000
- 0,3048 metex/foot

- 109
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Tablie B~V (Continued)

LASER SENSOR MODEL~~VARIABLES AND DIMENSIONS

E. Congiaants {Contd,)

19,83
O
4969 K
1.000
-1
4,245 x 10-6 (feet)
- -2
3.62 x 10 1 {feei)

-17 -3
5 x 10 (feet)

F. variables Internal to the Model

be

te

g o BB P

gX

Effective background arez, meters
2
Ground-resolved area, meters

2
Target area, meters
D)

]

Effective target area, meters

Ground-resolved distance in flight direction,
meters

Ground-resolved distance in X-track direction,
meters

Ground-resolved distance in vertical direction,
aeters

Number of target clements resolved

Effective power received from reference resolution
cell, watts

Power received from reference resolution cell con-
taining background .nly, watts

Probebility of detection
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T.ble B~V (Continued) ‘

LASER SEXSOR MODEL-~VARIABLES AND DIMENSIONS ]

F. Variablses Internal to the Model (Contd.)

= Probability of recognition

P = Effective power reneived from actual resclution
cell, watts

P; - Total power received from resclution cell con-
taining target and surrcunding background, watts

P - Power received from background surrounding target
within resoluticn ceil, watts

Ph - DPower received from target within rzsolution cell,
watts
R - Measured sensor to target range for ground system

use, meters

8 - Slant range, meters

S/N - Signal-to-noise ratio

i v - Precipitable water, mm
xte ~ X dimension of target lying within resolution cell,
meters
Yte - Y dimension of target lying within resolution cell, !
! meters ;
§ zte - Z dimensicn oY tar 2t lying within resolution cell, g’
t

petars
MH) - Altitude correction term for absorption !

A ~ Molecular sbsorption coellicient i

§

-1
Particle scattering ceefficient {cm

'SA

=1
- Farticle absorption coefficient {ca ")

-1
- Total particle attenuation coefficlent (cm )

-

N
>

[ © e st e £ e i - . - . B L . E . . O S




VI LLLTV SENSOR MODEL

The LLLTV sensor model is shown schemstically in Fig. B-18
and represents the general perfdrnance characteristics of an
image intensifier~SEC vidicon tube. Resolution (in TV lines)
is assumed to be a function of photccathode illuminance (Ipc)
and apparent contrast modulation at the phctocsthode (Ma).

The functions approximating tube resolution were determined
heuristically for photocathode iliminance in the range

-7
10 €1 <1 as
pe

N ’
N =M
max a
and
5
N = N' E a flog I J
max max J pc
j=0
where
ao = 0,999736 33 = 0,0311491
a1 = 0,0198410 a4 = 0,00524140
az = 0.0725046 a5 = 0,000277677

Photocathode illuminsasnce is determined by scene iliuminance

(IS), target reflectance (Rt), atmospheric transmission co-
efficient (fa), lens transmission coefficient (rl), and the

relative aperture, or f-number, of ihe lens, Cont.ast ratio
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of the target against its background (ct) is calculated and
then attaniiated by the atmosphere to obtain the apparent con-
trast ..odulation at the photocathode (Ha). The medulation
transfer function of the objective lens is agsumed to be unity
for the relatively low spatial frequencies (<50 line~pairs/mm)
resolvable by TV systems, Apparent contresst modulation and
photocathode illuminance are then used to compute the effective
operational resolution of the TV system (N) acccrding to the

equations listed above.

"he number of target area elements resolved (Nt) is then
calculated by dividing the target cross-sectional area, wt X Ht
{or width times length for an airborne TV system), by the target
resolved distance (Dt)' Dt is obtained from lens focal length
(1), operational resolution (N), target slant range (Sr), and

a constant (Kg), as shown in Fig., B-18,

The deteciion probability (Pd) depends on the number of
target elements resolved (Nt) and viewer efficiency (Pv). Re-
cognitign cannot occur unless the target is first detected,
and identification cannot occur unless the target has been both
detected =nd recognized. Note, however, that the printed pro-
babilities of recognition and identification can have higher
numericail values than the probabilily of d.tection, This can
occur because detection probability is conditional upon line
of sight and viewer eff :ciency. Once a target is detected, it
is sssumed that the viewer will alsc recognize and identify it

if sufficient resolution exists tu make recognition or identifi-
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caticn possible, Furthermore, if detection occurs, then line

of sight must exist. Recognition or identification probabili-

ties are, therefore, rot conditional upon line¢ of sight and

viewar efficiency.

Table B-VI ligts the LLLTV model varighlies and their di-
mensions,
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Table B-VI

TELEVISION MODEL--VARIABLES AND DIMENSIONS

Mission Varial.ios

I - Horizontai plane illuminence, foot-candles

E = Altitude, feet

Y - Lsteral distsnce cf target from flight path,
meters

Atmospheric Varisables

Vr - Visibility range, kilometers

1; - Atmospheric transmission coefficient

TV Parametiers

- Focal length, inches

*a

f- - Relative aperture

numbher

)bc - Photocathode mid-response wavelength, microns
11 -~ Lens transmission coefiicient

Pv ~ Viewer efficiency

N;ax - Maximum possible resolution, TV lines

Target Characteristics

Ht -~ Target neight, meters
-~ Probability of line cf sigh:
lus
Rh - Highligh® rasflectance (target or background,
whichever is larser)
R1 - Lowlight reflectance (target or background, '

whichever is smaller,
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Table B=VI (Continued)

TELEVISION MODEL--VARIABLES AND DIMENSIONS

Target Characteristics (Contd.)

ht ~ Target reflectance

Wt - Target width, -eters

variasbles Internal to the TV Model

Ca - Apparent target contrast (with atmospheric loss)

Ct - Intriasic target contrast (nc atmospheric loss)

Dt - Target resolved distance, meters

Ipc - Photocathode illuminance, foot-candles

ma - Apparent contrast modulation

N - Effective operational resolution, TV lines

Nmax - Maximum resolution (100 perc-~nt modulation &t
Ipc)' TV lines

Nt = Number of target elements resolved

Pd - Probability of detection

Pi - Probability of identificetion

Pr -~ Probability of recognitior

q - Visibility coefficient

Constants

Kl ~ 1900 n_ters/kilomerer

K2 - 0,3C18 metevs/yoot

Kg ~ 4 inches {2 TV lines/line-pair x 2-inch screen

width)

T
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VIT PASUIVE NIGHT-VISL(CON DEVICE (PWVD) SENSOR MODEL

Tz passive nightevigsion device (PNVD) model is shown in
Fig. B~18, Contrast at the target ia first calculated and then
atteauated by the aimosphere in a menner similar to the photo
wodel, Hote, however, that the target snd backgrourd reflec-
taxice values must be those zs viewed Ly the photocathode uszd,
rather than panchromaric film or the eye. 7il:'" ls necessary
hscause the spectrel response range of many pnotocathodes dif-

fers from that of the eye or panchroms lic f£iim,

After gpperent target contrast is obtained, the resulting
contrest wmodulation is used to determine the intznzifier-
resolution ratio, Rfﬁma~' Tae maximue oF high-coutrast resolu-

tion, R ax’ of *the intensifier is itself 2 function of photo-
nax

cathode illuminunce, These functions are

R =K (0,33 + 0,671 - EXP(nQQMs)))

ma 3
and
-3
, L e =3
R - R » ot {legl )7, 10 <1 <10
ms x nax 3 i pc
30
TLLETE
;.3(’ = V&, TI5A0 hg Sb,Sua02
po= 20,3779 b= G, 213408
i 4
bz = §_0894Y ’ﬂ«s = §,30900726
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Photocathode illuminance is determined by scene illuminance
(I'), target reflectaace (Rt)’ lens transmigsion coefficient

{ rl), and the lens relative gsperturz (f-number) as shown in
¥ig. B-i®. Ths photocathode illuminance, intensifier maximum
resolution, and resolution ratio are then combined to yield the
Pn' operational resolution, R, Target resolved distance (Dt)
is cowputc? by dividing the target scale (slant rar~e/focal

length) by the PNVD operaticnal resolution,

The detection probability (Pd) is dependent on the number

of target elements resolved (Nt) and viewer efficiency (Pv).

Recognition canmot occur unless the target is first de-
tected, and identification cannot occuw: unless the target has
been both detected and recognized. {t should be notad, howev:..,
that the printed probabilities of recognition and identifica-
tion can have higher numerical values than the probability of
detection. This can occur because the printed detection pro~-
bability is conditional upon line-of-sight and viewer effi-
ciercy. Once a target is detected, it is assumed that the
viewer will alsc recognize and identify it if sufficient resolu-

tion exista tc make recegniticn or identification possible.

Table B-VII lists the INVD model variables and their di-

mensions,

The FNVD sgensors are generally assumed to be ground-based
only, The recent introduction of image-stsbilization techniques
Rer., 10), however, stould make PNVD's feasible and desirable

for vehicle and airborne employment early in 1969,
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E.

Mission Variables

Table R-VII

PNVD MODEL--VARIABLES AND DIMENCIONS

Atmospheric Variables

|
8

- Horizontal plane illus nance, foot-candles

v
r

PNVD Parameters

- Visibility range, kilometers

Target

~ Focal length, inches

- Relative aperture

- Photocathode mid-resporse wavelength, microns
~ Lens transmissiun coefficient

- Viewer efficiency

- Maximum resolution of image-intensifier, 1lp/mn

Characteristics

w

t

~ Target height, meters
- Probability of line-of-sight

~ Highlight reflectanc. (target or background,
whichever is larger)

- Lowlight reflectance (target or background,
whichever is smaller)

- Target width, meters

¥ar:ables Internal to the PNVD Model

C

a

- Apparent target contrast (with atmospheric loss)
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Table B-VII (Continued)

_ PNVD MODEL--VARIABLES AND DIMENSIONS
;; ‘ E. Variables Internal to the PNVD Model (Contd.)
? § Ct = Intrinci~ target contrast (no atmospheric loss)
%é Dt - Target resnlved distance, meters
Ipc - Photecathode illuminance, foot-candles
| Ma - Apparent contravt modulation
Ht = Number of target elements resolved
Pa = Probability of detection
Pi - Probability of identification
Pr - Probability of recognition
q « VYisibility coefficient
: R - Effective operational resolution, lines/nm
"? Rt ~ Target reflectasice
E- : Rnax ~ High-contrast resolution at operational photo-~
- 5 cathode illuminance, 1lines/mm
¢
K1 ~ 1000 @ 'meter
Ks - 38,37 inch/meter
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VIII GROUND BASED MOVING TARGET INDICATOR .MTI) RADAR MODEL

SR1's simulation of the ground-based MTI radars utilize
a model developed by Honeywell (Ref, 11)., A flow chart of the
ground-bared MTI radar model is shown in Fig. B~20, A pro-
bability of detection conditional upon line of sight (P:) was
first determined by compering target slant range (Sr) to the
specific range capability of the radar set employed. Range
capability against either personnel mep) or vehicles (snv)
was considered, Overall detection probability (Pd) wae next
computed as the proiuct of Pg, a wea.her-degradation factor
(Kw)' and the MTI vslecity-threshold factor (Kv)’ The velocity-
threshold factor was cobhtained by comparing the target velocity
(Vt) with the rader-threshold velocity, (vmin)' Target velo-
city had t. equal or exceed the MTI radar threshold velocity

before detectiur: was posgsible.

If an object is detected by a ground surveillance radar
(GSR), it is ssaumed th,t the recognition class of the object
can also be determined. Hence, the model sets Pr = Pﬂ. Iden~

tification is considered impossible hy a GSR, so that Pi = 0,
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FIG. B-20 GROUND-BASED MTI RADAR MODEL
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IX PROBABILITY CURVES

The mathematical model for each of the sensor types re-~
quires a set of curves for the prebabilities of detection,

recognition, and identificaticz, With the exception of the

visual models (both aerial and ground) and +he ground survelllance

radsr model, these curves are given in empirical form, rather
than as an equation, Table B-VIiI lists the curves in digital
form, The sensor ~del descriptions contain the definitions
of the varisbles {(axes) uvsed for these curves, Table B-VIII
also presents the probability of line-of-sight associated with
terrain masking for smooth (P%S), rolling (PMO), and —»ugh
(PMR) type terrains, These probebilities are given as a func-
tion of distance from the target (YY) and altitude of the air-

craft (HH).

The 2 curves, given in digital form, were produced direc-

tly onto mats for reproduction 1y computer processes, Table

B-VIiII comprises the i1ext 4 pages.
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Table B-. Il

PROBABILITY CURVES FOR DETECTION,RECOGNITION, IDENTIFICATION, AND
TERRAIN MASKING

0.000 0.100 0.200 0.300 0.400 0.500 0.600 1.00° 1.100
1.200 §.300 1.400 1.500 1,600 1.700 2.500 2.750 3.009
3.200 3.400 3,600 4.400 4.600 4.80¢ 5.000 5.200 5.400
5,600 5.800 €.000 6.200 6.400 6.600 7.400 7.600 7.890
8.000 8.200 8.400 8.600

PPPDS
0.000 0.013 0.033 0.066 0.114 0,190 0.290 0.720 0.793
0.838 0.862 0885 (0.8564 0.898 0.900 0.980 0.900 0.920
0.900 C.900 0.900 0.900 0.200 0.500 0.900 0.%0¢ 0.900
0.900 0.900 0.900 0.900 0.50C 0.900 .00 0.9¢0 0.90C
0.909 0.900 0.900 0.900
PPP]
0.000 0.000 0.000 0.000 0.00C 0.C00 0.000 0.000 0.000
0.000 0.000 0.600 w.uu0 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.006 0.000 9.%00 9.000
0.007 0.0'3 0.030 0.065 u.110 9.200 0.700 0.780 0.830
0.870 0.883 0.900 0.900
PPPR »
0.060 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
; 0.0060 0.000 0.000 0,000 0.000 0.000 0.000 0.010 0.020
; 0.045 0,100 0.180 0.720 0.810 0.850 0.880 0.890 0.898
0.900 0.900 0.500 0.900 0.500 0.90¢ 0.900 0.900 0.500
3.900  0.900 0.900 0.90GU

IR L OO A S PR

0.000 325.000 510,000 915.0001220.0001525,0001050.0002135,0002445.000
2745,000305¢. 0003355.0003660. 600
HH

P o ¢ A e s €

0.09C 100,000 200,000 400.000 600.0001GuC.0051500.0902000.0003000.500
P

X Cute Y A D 3 P A

$.000  0.620 U.400  0.7250 €.150 0,090 0.u50 2,030 §.029
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I OBSTRUCTION CLEARANCE ALTITUDE

This appendix develops the general expression used in sub-
routine OBST for the computation of the corrected line-~of-sight
clearance height (Hl in meters) for the two obstacles in the
path card input data. T€ H' is posii.ve the path is line-of-
sight and if Hl is negative, the path is non-line-of-sight. If
there urez iwo custacles, both computed to be non-line-of-sight,

this is classified as a multiple obstscle path for the mfcrcwave

attenuation calculations,

4 ¥igure C-1 shows a diagram of the geometry (mnot to scale)
assumed for the exprecsionsz to folluow. In the real worid environ-

ment, the path of a radio wave will be refracted in a curved

SR BRSO

rath over a curved earth. However, for purposes of simpiifica-

: tion, this model assumes t"»-t the radio wave actually travels
in a straigiht line and that/the earth radius (Ro) is adjustad to

correct lor refraction effects by the constant K {generally

A

assumed to be 4/3).

It will be recalled that all obstruction data entered on

the path cards give the obstruction distance from the sensor

A T A M

site and its elevstion (hq, in meters). In addition, the alti-

tudes of the emitiir gud sensor sntennas are read in meters

b v g oy,

above sea level,

The depression distanc . (AB) is the effective depression of

R

the obstruction due to ref raction effects cgused by the change
in effecrive earth radivz which is modeled to intersect the
true surface at the sensor and emitter site. As the maximum
path length in this CRESS-S program is 500 km, a courrection fac-

tor for the compression in the obstacle height dimension (bs)

v
C-1
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is not made.

typical terra

Given: h, h

Calculate: H'

It amoun: 3 to a small frection of a meter for

in data.

E4

2)

= H+AB = O0C~-R ~-h + AB
[»] 3

h,d, d, K, R

wvaere

bl = Sensor antenna altitude, meters, ASL

s »}1 < 30 km
h Emitter antenna sltitude, meters, ASL

0= h2 % 30 knm
h3 = Terrain obsirvction altitude, meters, ASL

¢ = h3 S 30 km
d = S.lusor/emitter distance, km

0 <d %500 kn
d0 = Obstruction/sersor distanc~, km

o< d0 S 500 km
K = Eerth r-dius correction factor, (K = 4/3 nominal)
RO = Earth radius = 6.37 x 103 km

= Spherical earth LOS clearance height, km

AB = Liue-r"-sight correction for refraction, km
H' = Modified LOS ciearsnces height, km

{where H = +, LOS;

H = -, N1OS)
a = 3 radians
o)

do
8 = e radians

o

Referring to

(h hﬁ)z
1 Z

Fig. C-2, consider the triangle Ohl h, . The «side

-

= (on)% « (on 3% - 2(00) (Oh)) cos (23) (1)
- 4 i

b RAFENE  F R WIS AT R S
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using the sine rule of triangles, the angle Y beuiween the sides
" .
(mlhz) acd (hpo) is @olved,
(03:1) (sm 20

b h Oh

{ (1 2) ( 1) ¢ )

§ 8nga * Smy' Y o= {hlh") @
i ‘ <

The angle P between the sides hzc and OC is equal to
[180-y-(20-0) ] using tho sine rule

fon,)
o) {o)
Sin p iny
. (onz} Sin ¥ (Ro + hz) Sin Y
! Therefore, (OC) = Sin ) = Sin‘p ()

H = 0OC - Ro - hS = unmodified clearance height {4a)

Hl

H + AB = modified clearance heighi (4b)

Tiie distance; AR, is obtsined by sclving for the coordinsat:s
B(x,y) and for the coordinates A (xo, yo) obtained by the irter-

gection of the circle, with the earth center as the origin.

2 2 o2 .
x "+ (yo+a) = (Kuo) (3a)
with the straigh! line
y = % Tan {&-84n/2) (5b)
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and the circle

2 2
x4y = Roz (5¢)
witih -he atraight line
v = Xx Tan (a-84+n/2) (52)
Then
AB = Y 2 $
= =27 (y-y) (6) 3
: k|
In order to solve for a, use the 'aw -f c. ines (triangle %
0‘0F): :
KR ):‘2 = B2 + 8% - 2R ~Cos(m-C) . ()
o o o c

Rearvanging a2nd sclving for a,

a = R gcos(n~1) * \4052{n-0)+K2-l . (8a)
j|

The geometry ind ~atec that we should chouse "ae plus sign;

theretore, eq. 8a oducss to:

a = RO cos{-o0) + Vgosz(ﬁma)+K2—1] (8b)

The distance Ao is csiculated as . ollows, Substituring ez, Sb

into 5a we obtaip




7,2 cot®(@-8ew/d) + (y, + 07 = (w)® (9a)

Bquation 9a is cquivalient to

yoz[cotz(d-9+yt/2) + 1] 4 sey  + 32 - (!Cl!@)2 = 0 (9b)

Solving eg. 6> for v Ve obtaln

~2a \/432 - ¢ [cot2(a-9+ﬁ/2) + 1] [82 ~ {KR )2]
©

2[cot2(u—9+ﬂ/2)+ 1]
{108}

I'om the geometry of the problem ".. chees< the plus sign; further

gimplificaticn results

ca + Va2 - [csc(a-0sx/2)] [a - (xr )21
v = ——— 5 - {19b)
esc {a=-89+1/2)

X = yocut(n-®+r/2) 119}

=
Z 2

-a o+ Ya®l - Tose (x-" .0/ ![,.2 { )21
: Y CsC {0~ /2 i la - (RRq i
Y

S—
Y

= {COt(&_ﬁ+ﬂ/2)

5]

L csCs yolhn/2) }

| S

(L1in)
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Substituting eq. 5d intc eq. 5c, we obtain

yoleot?(a=d4n/2) + 1] = R ° (12)
Solving for y and simplifying
y = Rcsin(a~9+n/2‘ (13)
x = y cot{a-B+n/2) (14a)
= Rosin(a»9+ﬂ/2‘(cot(ahb+ﬁ/2)) (14b)
= Rocos(a—9+ﬁ/2) (14c)
Recal’ing eq. 6,
- 1/2
A5 = [(x-x 2 4 -y )2]
o o
where
X o= Rocos(a‘ne«ws/z) (14¢)
L [-a + Va© - {csc‘(&-9+n/2)}[”2 - (XR )2]]
x = eotfa-fen/z)| {—— - — °
0o 2 .
{ ! { cse T (w-Ve/2) ]
{11b)
yoooe B sinifetan/2) (13)

s Y S SR W
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- + \/:2 - [cecz(cx-e-m/i.’)][a’I - (KRO)ZJ]
(10b)

! : : cac(a-041/2) 3

1w e

P - Ro [cos(n-a) 4 Vcos“(x-0) + Kz - 1] (8b)

) °
P
2R
0
d
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11 PROBABILITY OF DETECTION

The propagation equations and antenna characteristics nre

used in the calculation of uearability; namely, whether the

signal chat 5 given emitter located at A produces in a given

receiver located at B is sufficiently greater than the back-

ground noise to be detectable, This section considers the fac-
tore that determine the probability that a hearable signal 1is
actuaily detected in the situation under study., These factors
are derived frum the activity patiern of the emitter and the

operating procecures of the receiver.

The emitter activity pattern is s description of how often
and for how long the emitter is active ('up'') during the time
period being considered. In this model that activity pattern is
summarized in a single activity factor, [, that iz the fraction
of the time perind, T, during which the emitter is up. The
total emitter up time, pT, is composed of an unknown number o:
transmissions distributed rendomly. In the case of cammunications
emitters, activity factors ere usually determined icv the nets
in which the emitters operate rather thian for the indiviaual
racios; emitter activity factors can then be based on specified
knowiedge of the net activity pattern, or on the azsumption

that the net up time is shared equally among the zmitters,

The procedure used by the receive: in zearching for zignals
is assumed to consist of a series of n periodic checks on fre-
quencies kucwn to be used by the signals of interest. 1If q i
the fraction of time that the receiver listens on the emitter's

frequency, each listening interval has a duration of q1/n (see

c-8
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¥ig. C-2). Detection occurs whenever g listening period over-
laps an smitting period, even by sn infinitesimal amount.

During each of the n sub-intervals containing a listening
interval :he expected duration of signal trensmissicn is assumed
to be pT/n, and the probability of detection during the . —st of
these sub-intervels is th: range of possible positions of this
expected signal durstion for which detection (overlep} occurs,
divided by cthe to* 'l raage of pngsitle positions before the sig-
nel and listeiing phase relations repeat. Because the listening
intervs’ . occur regulerly with period T/n while che transmissions
cccur r .ndomly, the phase relations ..'peat in T/n, snd detection
occurs for an interval that ie the sum of the listen and signal
intervals; hence,

pT/n+qT/n
) Sl T/n = P

P

Since the emitter has bc~n assumed to be active in a random
pattern, the orobability of detecting it on any check is indepen-
dent of the results of the other checks; henc=, the probability

of at least one deteciion in n checks is PD =1~-(1 -p - q)n.

A key assumption in the preceding anslysis is that the
emitter activity pattern is such that the expected total duration
of the signal transmissions is the same in each sub-interval.

I this assumption is believed too stringent in a particular
situation under study, the following wmorza general analysie may
be used, A single transmission interval of expected duration
pT cccurring snywhere in T is conaidered, and the total range of
its possible positions is T. During the first sub-interval the
probability of detection is

T ”
¢ _ pTe qT/n

le T

p+qg/n

C~-10
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The wrobab - !
wrobability of a uiss is P.l =1 PD1 .

first check implics that the signal was not up for an interval

S8iuce a2 miss on the

(p + @/n) T, tbe range of possible signal 1ocat10ng for the second
check is less ithon the full interval T by that umount (see Fig.
C-3). BHence, during the second sub-interval, the probability of
detection giver a xiss in the first check is

P p + g/n _
Dzlll T 1-(+aem) - 1 Puzlm1

The probability of a miss on both the first (wo checke is

= = - P+ g/n
e = Pwzp P = ! {1 -G+ q/n)] [1 TP “/“’] '

Similarly the probelility of at lesst one detection in T is one

minus the probability of n successive misses, or

3
’ 2 (p + g/n) e 1 - K (p+ q/n)
pD = 1- TI [1 TS (p + q/n) | T 1 - I] 1 - (K-1){p + 4/n)
1 K=1

While either of these expressions can be used as deemed
sappropriate for the situation, the first has been implemented in
the model, 7To implement the second would require only & minor
change in the program. Both shew that while the probsbility of
detecting u specific emitter st & particular time may be low, it
increases with the number of independent ciiccks made, The multi-
ple transmission model shows that the probability of detectiom
is unity for q » 1 - p, while tke single transmission model

C-12




requires q 2 1 - np for this limit; these limiting coses provide

sone guidance for intercept system design,.

In the case of emitters that transmit at regular intervals,
such as most radars, synchronizetion between the activity pattern
and a periodic receiver search pattern can occur.'.I in the pre-
ceding models we assume that the receiver checks each irequency

long enough each time so that this eftect is eliminated.

It should be noted that in a particular scenario under
study, specifying the number of emitters or nets to be monjitored
and the fractinal coverage of each determines the aumber of
receivers {monitoring nositions) needed. This number must be
compatible with realistic TOE limits for tke situation and time

frame considered.

In using either of the models described above, the necsssary
factors are specified by the user for each emitter and the [vo-
bability of detection is calculated. This value is compared witn
a random number selected from a group of wniformly distributed
random numbers, and if the probability of detection is less than
the random number drawn, this emitter is judged detected in the

simulation if it is hearable at the receiver in question.

®

* This effect is analyzed in detail in several publications,
including P. H. Enslow, Jr., 'Some Techniques for the Analysis
of Intercept Probability in Intercept Receivers,' TR No. 516-1,
Stanford Electronics Laboratories, Stanford, Calif., 4 June 1959,
UNCLASSIFIED.
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IIT1 ANTENNA PATTERN CHARACTERISYTICS

© e s e b e SRRV WOKMIY

The CRESS-S progranr dcvelops a generic antenna radiaticn
pattern which is used for generating all the senso. and emittex
antenna patterns in the array. The detailed antenna descriptions
are obtained from SIGINT sensor and targev input data descriptions.
In addition there is an antennu file where 11 generic type
antennas are described. In this manner emitter and sensor
antennas, HF through microwave, from whips to dishes can be sim-

ply modeled.

Figure C-4 shows the generic antenna pattern and defines
the various antenna parameters. The plan view of the generic
rgdiation pattern includes the scan angle {for the case of a
sector scan nuntenna) as well as the compass bearing of the antenna
mean scan angle., In this prrgram, it is assumed that in the verti-
cal plane the elevation angle of the main, side, and back lobes

are 90 degrees, storting from the surface,

For the case of ¥F antennss, the antenna parameters generally
assuine the horizontal beamwidtbh as 529 degrees, thus removing

backlobe, sidelobe, scan angle, and antenna bearing angles.

For the microwave antennas operuiing in the sector surveil-
lance mode, it is tacitly assumed that the search time of the
sensor is much longexr than the scan rate of the emitter; thus
the cffect is $to incresse the borizontel beamwidthk of the antenna
by summing the scan angle. For the case of a microwave antenna
scanning 360 degrees (such as a sensor antenna), the radiation
pattern is assumed to be & hemisphere with antenna gain equal

to the mzinlobe gain, with the sidelobe and backlorces eliminated.

oG R e
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Inputs from three decks of cards define the antenna charac-
teristics for a given sensor/cmitter path calculation. These

are: emitter cards, senasor cards, and target cards.

Cc-17
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IV PROPAGATION EQUATIONS

A, General

The electromagnetic propagation model used in this program
is essentially the same model used in the ACCESS program (ASA
Computer Controlled Environnental Simulation §ystem) developed
by HRB-Singer, Inc., and reported in Ref. 1. The propagation
model is designed to provide rapid estimates of basic trensmission
loss referred to free space isotropic transmitting and receiving
antennas. The radio freguency range of the model lies between
0.1 MHz and 40,0C0 MHz; transmission loss is <omputed for propa-
gation path lengths up to 500 km and for stationary antenna
altitudes up to 100,000 feet,

Because of differences between dominant propagation mechanisms
at different radio frequencies and path lenzths, the model has
been divided into five frequency-distance (F-D) domains, Since
the freguency boundaries selected for these five domains are con-
stant values, %this chapter has been divided into three major fre-
guency regions on the basis of general propagation mechenisms.
Within these frequency regions, the models are further divided
and discussed according to additional frequency criterias and

path length or distance criteria.
The five frequency-distance (F-D) domains are labeled below:

Domain I Near-shadow and lirn~-~f-sight

region 0.1 to 60 MHz
Domain II  Transition shadow regici 0.1 t¢ 30 MHz
Domain III Far-shadow region 0.1 ‘o 80 MHz
Domain [V Skywave region s.v to 30 Mic
Domain V Microwave region 60 to 40,000 »Hz

c-19
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Figure C~5 is a graphic representation nf the Iive frequency-
distance (F-D) domains used for groundwsve and obstacle diffrac-
tion mades of propagation, while the domuin usaed for the iono-
spheric skywave mode of propagation is shown between the broken
lines. The varicus model domains are labeled with roman
numersls and are discussed below to indicate the assumed propa-

gation mode of each F-D domain.

B. Ground Wave Propagatica in the 0.1 to 60 MHz Band

1. ree Space Bssic Trensmission Loss

The free space laoss, L in dB, referred to loss less

bf
isotropic trunsmitiing and rece!-ing antennes gains can be written:

Lbf = 32,45 4+ 2D logloF + 20,10310 D (1) k
where - !

Lb‘ = Y%rse space loss in DB

r = Frequercy ian MHz

D = Path lengta in km.

2, Domain I, Line-2f-3ight snd the Near-Shadow Regicn

In the first frequency-distance demailn, the irequen ies
betwuon the constsnt values, 0.1 MHz S F S 60 MH-. Propa. . M
» "h lengths are in the line-of-sight 2nd near-shadow regiuns
from the transmitter between zero and a variable maximum distance
depepding oa frequency, O km = D % SO/FI/S kun. The node of pro-
peagation in domsin I i3 the groundwave, which is compozed of twe
space waves--one direct and ore ground reflected--plus tkho Norten
{Refs. 2~7) surtace v.ve. Ths equations adoptad for this and
the remaining two groundwave domains AiI, 1I1) are ganeral with
respect to the conductivity and dielectric coustant, wave pro-
perties of s swmooth earth, whilie the relutive wagnetic permeability
of the earth 1s essuuad to be unity,

C-20

e

i,

R

R

-



T o L

o001 001

Al d d i | P

(zyw)
et

' —-mbr.h

300N NOULYDVEONd 30 SNIVROAQ IINVISIO-AININDIYS

Aousnbeaj

50 "

PO W e | s B——

w4

=g 000’0y 03

i
{
i

!
§
|
!
}
o e o—y

I

COrION GASAOCIIN A UFwEy

¢
)
i

1lllllu

/

/
ceafe

A GO TBOY
RABRANE AL uyOWMO(

:

,/.

/

wi=fy=lg 4
A1jeyy Indyg-ro-auyy

/ ucyBer 2195Yg-je-apTY ] UTIWSY

——n V- . wha— waa o Gmmre

¥

cirr e - ———

. hd
GOTHY AOLBUT-IVIN | UTHWGT

.5.//_

E.WQM qa /
|

~ LSS
/l

uo 1oy

AopEys; J8d JII uismoq

i

01

Qo1

(un{) aoueasQ

IR NG SR SRt Kt

VW 2T [ VORUTT ORI VAR PRV SR

PPN S

T .

c-21




e A o

Some antemnas miy be carried Ly sirdorne plattorua:‘ there-
fore, the upper limit of antenns heights, b, in all domsins has
boenn fixed at 100,000 feet, or express¢d in terms of meters,

O Sh £ 30,480 meters. Since srteuns heighits may reacl this
order of sagnitude, tue possibiiity alao exists thst & wodified
distsnce formila different from D < 80/!1,3 can be applied to
find the maxiwum rangn 3f applicability for the 1osa3 equations
used in domain I, The additionsl criteria 1s radio horizon dis-
tance., Siuce radic bLovizon distsnce is not frequancy dspendent,
this height-dependent lirit cannot De rlaced on Fig, C-5 in the
fora of o single line depicting ile gwneral ceas. Such data
would epper as a faxily of lineas, esch line representing g
specific combination of transmitter acd receiver antenna heights.
Nevertheless, the new genersl disteonce range can bs restated to
aceaunt for the dual criteria of frequency asnd aatenna heights
as follows:

y J—
0 < D £ Maximun kﬁ%a%g»(/ﬁi + f3“) ,'—g%i)

where

k = 4/3, earth racius correctien Z-etor tv wccuunt
for refractive bending of radio rays in the
lower atwmosphere

= noasinal earth radius, {(€,370,000 mctevrs)

=~ height of trensmitting eatenna aobove ground (meters)

g

h, = height of vecelving aatennz sbsve ground (meters®

N

Mote that the present simulation model includes eleveted
gnteanas, but playz them as stationary emi%ters and/2>° sensovs,

C-22
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D = distance between transmitter and receiver antennss
{kwn)

F = freguency (MHz)

The line-of-gight region is treatod in the conventional
manne:, with the swooth spherical earth being modeled by a plene
earth having the same conductivity and dielectric constant.
Rowever, the magnitude of the plene earth losses is obtained
from 2 new simple empirical reistionship in 2 resl variadle.
Thi< new Zunction reproduces within necessarv engineering accu-
racy the magnitude of the classical theoretical function (within
about 1 dB). The theoretical function which has been raplaced

is the well-known flat earth loss function

B ) 2
H(P,B) = {1+ 3 '2-_?;—8- f eV du
Pe
e - eJB

where the parameters are defined following eq. 3.

For the region of the near shadow, which lies beyond the
radio borizon but extends only to a classical vange of D = SO/F1

/3

kw from the transmitter, the propagation model uses only the mag~

nitude of the Norton surface wave expression, /. before, thke

new empirical relationship for the magnitude of these plane earth

losses is used in place of the more complicated theoretical

expression.

The basic transmission loss over a plane finitely copducting

earth is calculated as follows:

a. The basic plane earth losses, L. in dB, ave found

bp
by adding to the basic free space loss, th, the plane earth
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1osr in excess of free space loss, L’.. Thst is,

Plans Free Plane earth loss
orrth | = space + ia exceses of
loss loss free =pace
pr = th + Lpe (2)
vhere
Tpe
Lpo = =20 log i& (3)
Epa = Plane earth signal intensitiy
Ef = Froe space signal intensity
.4
-16 -
ng = 14+JRe J + (1 -R) 2(P, B) e 38 (4)
4

where

~16
Ke J = Complex reflection coefficient

R, = R = fp - (e-jx)8in ¥ - Je-1-ix (For vert:i.cal)nl
!: (#-3x)8in ¥ + vG:Ifji polarization

X = 60 0.
¥ = Grazing angle
E_= Reflected fimld strengis

*x
The present simulation treats sll emissions for deomains I, II,

and III as being frox a vertically polarized electromagnetic
wave, This limitation also exists in the ACCESS model,
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= Incident field sirongth

6 = BSpatial phase load of iﬁ relative to i; at the
‘ point of incidence on the boundary surface.
: ¢ = Dielectric coustant of the earih

0 = Conductivity of the earth in mho/meter

b, For normal plane earth geometry

J =1, 1
4rh. a2
6 =—32 B+ ke, o[ 017:8
d ’ < L. XL S
 vhen d 2%~ 173
and
h, + b
1t 5
tan ¥ = —= a J

T, S

¢. Modified spherical earth geometry for long )aths

and high antennas.

e e o A T

J' = 1
2 d.d
\/1 + ._——_1-..2_...
4
Q kad tan ¥ P
! da
! | hen N+ By - ke . .01778
| d 1/3
: F
( a2 \<n a,? >
i ei_41( SRR TACRERT
, = d)\ ’
‘ )
"
and taﬂ\W = tan ¢l

\

\




d

a3 a2 a2 a2
g r - 4-1—- + h - -z_ h - —1-— - h - -g—-
: tan §* 1”2 2" 2 ks 17 2 ka 2 %7 ka
; s - d = d a
{. 1 2
* : Y 2 2
| % ) (hl + hg) - (d1 + d2 )/Zka

vhere Fig. C-8 shows the normal plane earth geometry, while ) %-
Fig. C-7 shows the modified geuvmetry of t', d
long distance high anvenns cnmbinations.

1 and d2 for the ]

hl = Transmitter antenna height in meters ?
hz = Rereiver antenna height in meters %
A = Free space wavelength in meters 4
d = Peth length in meters, D = path iength in km ]
; £(P, B) = Plane earth surface wave attenuation function ?z
;
i 1.0809 .
; » 793 1 1
| f(P, B) = = [ (52) :
; [9‘0‘74] {1 + 1.5446 p-9168 £,(p, B !
; : where iw
! ; ¥
i i , 0.1721
o [1 -2 3] [9'477%] {1 +3.179 rl‘ésiil
! i tl(P, B) = L2 —2 p— 5717 (5b)
? ; [1 + .003013 pP“’ ]
E % snd
| h :
: B _ape’® i
§ ‘ Pe = m_EE___E = Relative surface ]
| § (1 - R) wave field ﬁ
| i 2
c-26 ;
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FIG. C6 GEOMETRY FOR PLANE EARTH CALCULATIONE
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GEOMETRY FOft SPHERICAL EARTH CALCULATIONS AT POINTS WITHIN
THE LINE-OF-SIGHY

Cc-27

Sop oy s s 5 o < e N0 M S o [ i . i
] ar -~ o s S et & N K RTINS W i SRR

o
o
BN

SR

e s st sl




EY P = '—4'5:”"'

Py - ' = b
-x)

were

m 1 o ®D
t I T[—"Z] = 10,472 ;-2'

.
L
&
{
v

2
[}

]
[
-~

[
s
]

()

AT o e e g

L]

. ¢ 414 (1) 2)
x + (¢-2) (-;-)

b = Tan

The atuve oxpressions are esployed lor the estimation

‘ B
of sverage plane earth losses when the line-of-sight between
transmitter and receiver is uncbstructed by the bulge of the
smooth spherical earth or by rough terrain. That is:

v S gt

i e P BT W SO

nsa.xzz(«tha, »/i;)

¢ et gy g st s

|
: : The tern aversge is usad here in the sense of an average taken
\ : over s spatial selection of points in the vicinity of the
' receiver,
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and
2

H' < ?; = unobstructed line-of-sight

where Hl is thc corrected line-of-sight clearance altitude, The
verivation of H’ is covered in Sec. II of tkis appendix.

Within this line-of-sight regiorn of domain'l, tke term
J becomes less than unity only for large distances combined with
large heights., J accounts for the added divergence of rays re-
flected from a sphere, compared with rays reflected from s plane.

For the same large beight-distance combinations,

2
bt - g Lous

d Fl /3

wl i used in place of { to accov1t for the difference in grazing

angle between the spherical earth and the plane model.

When the path length lies beyond the radio horizon dis-
Yz
tance, out less than 80/F1'3 (km), the plane earth loss function
simplifies considerably intc the near-shadow function. Thus,

in this range of distauces,

4.122 (b, + i, ) <D % =0 (kn)
1 2 1/73
F
and . Dz
<y« =
0 H 17
one finds that L * L = plane earth surface wave loss in excess

pe ps
of free space, Since th. lirect »nd ground reflected rays are
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blocked by the buige of the earth, eq. 4 reduces in the new case
to a sirgle surfsce wave term.

R =« -1, pe7° = pe?®

and the phase angle O can be disregarded. Thus,

E
P8
E

= =20 10‘10
b ¢

L
ps

= Field intensity of the

E
ps plane surface wave

E
EE! = 2f (p,b) (6)
1

(N

.2168

783 } 1 1.0609
§11 + 1.5446p - fl(p,b)

where

fl(r,b) is defined functionally by Sb

where p ind b are given with eq. 5. That is, eq. 7 is given for
a zero-height anteana system, h1 = h2 = 0, In order that this
same zero-beight relation can be used to estimate logses for
near-shadow heights, 1 < 0, a height~gain factor, £(q), 1is used
for each antennsg and is multiplied into the zero-height value
obtained from eq. 7. Therefore, the basic near-shadow loss be-

cones:
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Near Free }%xcegs of free-gpace
shadow = space -
\ shadow loss
loss loss
Epn
Lon = Ly - 2030, E, ®)

where Epn = Plane earth approximation of the near-shsdow loss.

E
= - 2 £(p,b) [£(a,)] [£(a)] (s
) 1 2

where g

+

f(gq) = \/] + q2 - 2q cos (

RN

%) (10)

where g = 2rh/AL; b and 1, are defined in eq, 5.

3. Domain II, Transition-Sh~dow Region

The second freguency-distance domain lies betwsen the wave
frequency limits 0.1 MHz S F = 60 MHz. Propagation path lengths
lie between limits maximum

/'
[4.122(451 + b)), 80/F 73] < p = 557 S/BOFl'B

(km) where Bo lies between limits .681 < 50 < 1.607 depending
on F, 0, and e, and is deiined in more detail lptei. The propa~-
gation mode cf domain IY is the groundwave and is composed of
the Norton surface wave. ‘This domain is commonly called the
transition-shadow region. Tuls name has foundgtions in the

mathematics of the theoretical solution. That is, the transiti..-
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siadow region 4rtands over the range of distsnces where no simple
thecretical sxpression has yet been found fo yield numerical
rosultg »ith o minfzum of calculaticn effort. It ext..ds bet-
ween the two regions (near and fsr shmgow) where simplar asymp-

toutic solutions do exiat,

The transiiion-shadow ragion is trsated by a néw copirical
relation that provides numericsl resuits for a zero-height antenna
system compatible with the sccuracy of Norton's (Ref. 2) classic
erephical method of 1941.

The basic transmission loss for the spherical earth ie cel-

culeted as fcllows:

a. Acs shadow disztance increeses beyond the useful range
of the plane earth approximation, the region of the transition-
shadow and of the far-shadow are fcund, In the transition-
shadow region a smooth empirical functicn is used te find the

sphierical earth loss.

b, fhe form of th. basic transiticn-shadow loss is

- . 1
Lot = Lpg * Lgt (11)

Lsf = spherical earth transition-shadow
Joss in excess of fre~ space

<]

. st
Lst = =20 loglG g;—

E
L o [t¢a,)]11(a,)]

(12)
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where

3.
L 31

s
-
L}
L

/ = n-n

9168 [1.0609: (» ,b)] - m
0 170 o
m o= .0274 + 158 S
[1 + 1.5446p - fl(po.b)} :
. )
.oosozep02‘9'77 37656p01.399u
n = . - L4771
° 1+.003013p02'9777 1+3.179p01'3993

fj(po,b) is defined functionelly in eq. 5b.

b o 26487
d] Kz
r 2
€+ 1+ (& ~ 1)(;3
b = arc tsn }-—— ; )
€\
x + (s - 2)(S) J
X

P = %2 (j%) where L = (s~2 q, 19)

L

K = (See eq. 18)

C-33

[, . et b A U 5




.
Rt el o AN T ANy NI 5. A N R S I T SN SR AR RN

T T

3.1908%
8,247y

BOC.IQOO ‘6.3¢11

{See eq. 18}

.. [ 1.586 ] [ 1
o ~0274 9168
. po 1 + 1.5445 po fl(po,b)

£4q)

{See e3, 1G)

4, Dumaip II1, Far-Shadow Region

a. The thixd ¥-D domein lies between the frequency
limits 0.1 Mz < F < 60 MYz, Propagation path lengths lie beyond
the limit

2
D> 557.3/B°r1/"

{km) whers Bo lies betweenr the limitz .68l % Bo < 1,607, depending

vaor ¥, G, and €, and i3 defined in more detail later.

b. The propagation mode of domain I1II is the ground-
wave which, in this region, is composed of the Norton surface
wave, Tae ssyvmptotic exponentisl form {or fiedld z(rength in this

far-shedow region is usad to celirulate the baslic syztem loss,

The form of the besic desy-shadow (far-shadow) loss is

Lbd = Lbf + Lsd {13)

Ls = Sphericel e¢arth deep~shadow
loas in excess of free space
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sd 10 Ef
E 1/3 1/3
sd ., JF"°D -.,0066228 F"'“D :
ol 6.7883Y T o [£¢a))]2¢a,)]
(18)

where the terms Y and Bo originate from the classical theoretical
solution involving the sum of the ¥atson residue series. How-
ever, simn’e empirical relations have been found for these

parameters in the variable X, neglecting their small dependence

upon b, as follows:

2
Y = .Q7618K (18)
6.578 «3040
[1 + 19,05K ° ]
.3517
{ . 2.843]
A - (1.607)71 + 2,253K I Qa7
o 3.461 . 2889
1 + 47.74K°
while
3 3r—
,01778L
N K = T’;r-l:; (L) 1/3 (18)
F
62 + x2
L = Q19)

Jie - 12 4 x*
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8. Terraia Obstecle Losses for Groundwave Domains I, II,
and III

8. A mechanism for estimating system loss over rough
earth (Refs. 12-20) has been incorporated in the propagation
model. When the path line~of-signt is obstructed by terrain, a
simple obstacle loss term is added to the plane earth loss func-
tion as an estimate of total losses. This obstacle loss term is
proportionsl to the half-power of the electrical height, 2x H'/\,
of the obstacle sbove line-of-sight lavel. When H > D2/i7, the
program wili select the obstacle path formula, whicl yields
generally greater lcsses at the shorter path lengths, and lesser
losscu =t 1ongar’path lengths than would be estimated by the
spherical earth formulas discussed earlier. This is *~ue because
the obstacle path formula is composed of the free sp ce loss plus
the plane ezrth loss plus the obstacle loss. There ore, at some
point in the transition region and beyond, it is - <pected that
sphcrical earth losses would generally exceeu the obstacle loss
plu= the plane earth ioss, and the model would thus favor the
obstacle formula when H' > 02/17. This B'-D 1imit would override
the normal shift from plane to earth to transition or shadow

spherical earth formulas at the uzual F-D limits discussed =arlier,

b. The basic tranzmission loass for the plane earth
2eth with a terrain obstacle is calculated as follows. When the
height of the terrain exceeds the height of the line-of-sight ray
by snr emount n' which is larger than twice the bulge height of
the smooth spuerical earth, the path is classified as a plane

earth path with a terrain obstacle. That is, the condition

C-36

B T




T e e

- et voma i A

~

where H’ is in meters and D is in km, defines the u'-p domain of
the terrain obstacie path for the 0.1 MHz < F £ 60 Miz,

The basic transmission loss for this type of paih, like
the near-shadow path, is much simpler than for the line-of«sight
region. The total basic loss for the obstacle path becomes tae
basic free space loss Lbf’ plus the plane earth loss, Lpe' plus

the terrain obetacie i0ss Lto’

Total Free Plane Terrain
basic = space + earth + \obstacle
loss loss loss / losa

However, since the line-of-sight path is obstructed, both the
direct and ground reflected rays are eliminated from eq. 4. In
addition, even the surface wave term can be further simplified
by setting R=~1, P =p, B = b, ~~4 by disregarding the phase

angle 8. Therefore,

L o 21 s = Plane surface wave loss

P P in excess of free spsace

. E
- - _Ps

Lps = 20 log10 Ef

E s = Plane surface wave field

P intensity

E s
£ = 2 1(p,b; (21)

f
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1.0600
t(p,d) = "%:%? - 9168
P 1+ 15048 p"% - £ (p,m)

(22)

where fl(p.b) is defined functionally in eq, 5b. The terrain

obstacle loss becomes
L, = Lorsi’P (23)

whére ﬂ' is the terrain height (in meters) in excess of the
height of the line-of-sight rsy as derived in Sec. II, of this
appendix.

6. Foliage Losses for Groundwave Domains I, II, and III

Foliage losses are treated by a simple empirical function
relating the‘attenuation per meter of screen thickness resulting
from the propagation of radio waves through a wooded screen path
lying between the receiver and transmitter, The information
i yielding this relationship has been compiled from various litere~
ture sources (Refa, 8-12),

An examination of the literature on the problem of foliage
loss has ylelded a useful exponential rolation for expressing
| the foliasge 1oss in excess of free space and other independent

factors, as a function of frequency and distence,

L. = .00139dF' %7

1 (24)

where F is the frequency in MHz and d is the sum of the path
lengths in meters through the foliage acreen between a givern

smitter/ssnsor path. The sum d is obtsined at the same time

manual map work is being performed to record the terrain
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obstruction data vhich is %o be used for line-of-sight calcula~
tions elsewvhere in the program. These input data are recorded
{in the path card deck.

7. HF Ionospaeric Skywave Propagation, Domain IV

The fourth F-D domain of the propagation model lies between
the (lrequency limits of 3 MHz and 3C MHz. However, it siuuld be
pointed out that these limits could be extended from 2 MHz to 50
MHz as the mathematics used are sufficiently accurate for this
simulaticn to operate between these wider limits, if desirable.
The mode of propagation in this domain i3 the ionospheric sky-
wave. The methods for estimating skywave peth lnss over distance
ranges to 500 km have been tsken from the latest empirical methods
used in modern computer routines (Refs. 13,14). Because of the
shorter distances and time durations normally encountered in
tactical warfare and therefore desired for the present program,
new and simplier relations could be adopted in ~lace of the more
general relations used in these references. This simplification
can be studied in subsc¢quent follow-on simulation studies, In
general, either a single-hop E-lgyer or a single-hop F-layer mode

is possible from the routine,

Basic methods for graphically determining the probable path
losses for HF ionospheric transmission paths have been well known
for many years {Refs, 15, 1€), but these metknds are not suitable
for direct utilization in a computer simulation program. Numerical
methods for predicting these path losses have been developed
recently; two somewhat similar computer schemes have been pro-
grammed to perform these computations (Refs, 13, 14). However,
both of these programs are, general purpose routines which include
provisions for computiation of expected loszes and other pertinent

parameters of world-wide, 24-Lour, multi~hop paths., These
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Prograns require an sicessive smount of space and computing time
por path to be incorporated directiy into this simulation.

s. Progrsm Simplifi-.tion

There are two characteristics of tals simulation pro-
gram which permit a significant reduction in the cowplexity of
the HF vatit-loss routino, These are

(1) with few exceptions, all path terminal

points are located within a geographical

srea with a maximum dimension of about
SCO km, and

(2) the time interval of interesi for any
single simalstion should not overlap the
sunrise/sunset transition intervsl. An
gpproximate two-hour intervsl should be
allowed for these transition times where
the simulstion results will be of insuffi-
cient validity for ionospheric propsgation
performance. This is not true for the other
four domains of propagation in this simula-
tion.

With these limitations ia geographical area and time
period, a number of parameters which normally are varigbles in
the path loss equations may be regarded as fixed parameters in
the main co-puting routine., These purameters rust be precomputed
or determined graphicslly, as desired, for each geographical area
snd time period and supplied as coefficients to the main simula-

tion program.

To reduce the affects of fix.ng certain parameters, the
center of the geographical area has becn designated aa the control
point for all ionospreric paths between terminals within the
region., PFurtber, the time has beern -ssigned as the mean time of
the simulation period. The coefficients, together with & brief
discussgion of the probable effects c” fixing the val.e for all
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paths within the ares and time period of the simulation, are
listed below:

® Sunspot Number (8SN). Time variation only; nor-

mally predicted as average or nonimal values for monthly periods,
Short-term effects which might be significant for time periods
of several hours, sucb as solar flares, are not considered in the

present program.

e Sun Zenith Angle (¥). Variation in time and geo-

graphical position, but effects are very small for an area and

time period such zs employed in the present simulation.

@ Gyro Frequency (FH). Maximum variation over

the time/area being considered is on the order of 10,1 MHz, which .

is vwithin the probable error of prediction for future time periuds.

o . g

e F-Layer Height (Hp). Maximum variation over time/

area considered is normally less than about 125 km, which is also
within the probable error in predicticn. Effects on computed

path loss are on the order of 2 dB, maximum.

e F-Zero MUF (F2,;). Maximum variation for the sareas

considered is on the order of 0.5 MHz, but wili be less for

many regions of the world. 11 general, the variation over the
time/area of the simulation is within the probable error in pre-
diction for future time periods. Possible resu’ ting errors in
nath loss are on the ordc. of 3 to 4 dB, maxiaum, with a possible
error in the maxivw m propagated frequency of about 1.5 times the

error 1in on for the path lengths involved,

b, Patu-Lecss Computing Procedures

{1) Basic Computing Procedures and Formulas

These were developed at NBS and the U,S. Army Signal
Propagation Agency (Refs, 13, 15, 16). A priori data required
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for esch simmletica run snd the formulss for meth loss compute-
tion sre listed 1ia the following parsgraphc.

(3) A Priori Data Required

The follovdu dats wmust be obtained from external
.sources {e.g., MBS programs or from CRPL prediction charts) and
inserted in the pmﬁ for each simulation run:

(s) LAT. Latitude of center of simulation area
in degress (-90 < LAT < 90)

(b) LOM., Longitude of centor of simulation area
in degrees east of Greenwich meridian (0 < LON < 360)

(c) GMT. Mesn time of simulation ia GMT

(d) MNON. Month of simulation (1 < NON S 12)

{e) F2 . Zero distance F2 layer MCF, in MMz

(£) 1"23000. ¥2 laver--3000 km MUF factor, or

rz‘m. F2 layer--4000 km WUF, in Mdz

(g) Hp. F2 layer viriusl height, in km (if not

supplied is set to a nominal value of 320 knm)

(k) Pg. Gyro frequency at 100 km height in MHz
{(if not supplied, is zet tc a nominal value of 1.2 MHz)

(1) 88N, Sun spot number for date of simulation.

{3) Basic Path-Loss Formulae

(a) The total trensmirs .. n loss (L) for a single-
hop path neglecting focusing effects, may be expressec by

L = L,-A -A +A+PF (25)
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where
L = Total path loss, antenna terminel to antenna
terminal, in dB
th = Bpsic free-gpace propagation loas, ir dB

A ,A, = Transmitting and receiving antenna gains,

1 4
TR respectively, in 4B reference isotropic
P = Loss, due to polsrization, magneto-ionic
splitting, etc., in dB
A = Nondeviative D-region absorption loss, in ds.

In the present drogram, an - _a effects, AT and AR' are computed
in the main body program, and only operating frequency (F, in
MHz) and terminal-to-terminal greund distance (D, in km) will be
supplied to the HF ionospheric path-ioss subroutine. The total
transmission loss couwputed in the subroutinz will, therefore,

be given by

L = Lbf + A+ P (26)

where symbols are as defined for eq., 27.

(b) Vhen path length is sperified in terms of
actual ray patk distances (RDIST, in km) the basic free-space

propagation loss, L in dB, is given by eq. 1 where D now

5
becomes BRDiST (eq. 39).

{c) Mean values of absorpotion plus polerization
and miscellaneous minor effects losses may be cemputed by use of

the following expression:

615.5 sec(®){1.0 + {0.0037)(SSN) j(cos 0.881¢)1'3
A+P = + B.9
F + F )1.98
H
27)
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where

A+ P = XKeodign value of susorption, polarization
an? ainor effect lasses in dB

v 9 = Angle between zsy path and perpendiucular
: to the earth ct a 00 km height

sS4 = Zurich sunspot rumber

] = Sun's zenith angle st iouuspherlc reflac-
tion puint

= Opcrating frequency, in Miz
FH = Gyro frequency at 130 km height, in MH=z,

The computed path 198g between isotropic antennas is nbtained

from e, 26, ewploying the results of eqs. L and 27, In the

actusl progrsm approximations are epployed for some of the fac-
tors of eq. 27 in order to reduce the spsce and computing time

raquired,

(47 Miscellanious Formulae

(1) In addition to the path losus, th- radiation
sngle is also requirec for evalusiion of antenna guins. Fermulas
for computing the cosine of this engie, coefiicients required
for the evaiustlion of eg, 27 above, und the E-~ and F-~layer inter-

mediate diztance MUFs are listed below,

(2} The cosine of the sun's zenith sngle (v},

requlred fov 2q. 25 is computed from:

cos § = [sin (SLAT) sin (LAT) + cos (SLAT) cos (LAT)! x

.cos {15 GMT - 180 - LO¥)] {28)
where
LAT = Latitude of centey oi slmuiation avea, in degrees
SLAT = Latitude of sun's subsolar peinti {zuppiied in

pacparatory program az table of coefficients--one
per monthj




YOS TR BAY, |

LO¥ = Longitude of center of simulation erea, in degrees
east ol Greenwich meridian

8

Time of simulation, GMT kours.

(c) Both E- and F2-layer propagation modes are

considered. If the E~layer will support prcpagatior at the fre-

ok Salle i -

g guency-ground distance of the path, then the propagation loss

i and radiation angi< for a zingle-hop E-layer path are computed

? and returned to the main body program. However, if the E-layer
é vath is not svailabie (frequency ebove E~-MUF), and the F2-lsyer

! ; will support propagation, then the loss and radiation angle for

3 :

the single-how F2-layer path are computed and returned, Formulas

for computing E- snd F2-.ayer MUFs are as follows:

i EMUF = ME EZOOO (29)
é where
} | EMUF = E-layer MUF, in MHz
i: l ME = MUF factor for E-layer
? E2000 = 2000 km E-layer MUF, in MHz
and
ME = 0,2085 + 0.12126481E-3(D) + 0.9761871]En11(D2) -
0.60495454E-14{D3) {30)
where
D = Ground terminai~to-terminal distsnce, in km
E = EZOOO = 3.,345996 + 37.677361(I)-527411917f12) +
39.261511(13) - 10.66485(14) (31)
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1 = Absorption index

2 (1.0 + 0.003788%) (cos 0,8819)*2 (22)
= 0 for | cos 0.882¢ | = 90°
(see eq, 27 for symbol definitious).
(d) A similar set of factors is employed for
computiing the F2-layer MJF ior intermediste distences:
PMUF = W F3 (33)
where
FlUF = F2-layer HUF, Mz
HF = F2 MF factor
= 1.0 + (FH/Zon) 1.0~-m) +m (F23000 -1,6} (34)
with
m = 0,21615813E - 5(D) + 0.15387001E-6 (Dz) +
0.38728003E - 10(D>) (35)
where

D = Ground terminal-~to~-terminal distance, in km,
{See eq. 31 for other symbol definitions.)

{e) When the F240 WF is supplied in lieu of the

00

F23000 factor, the latter is derived from

F2 = (F2

3000 4600 BUF)/(1.1 FZO) (36)
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() The cosine of tho radiation sngle (4; see
Fig. C-8) end other factors raquired for eq. 28 are cetermined

from the following expressions:

sin® (D/3r)

cos® {A) = 3 {(an
1,0 + R® - 2R cos (D/2r)
sec (P = 1.0 (38)
(1.0 - R2 coa2 (A))l/2
RDIST = 2[h2 + 2r (h + r)(1.0 -~ cos (1)/2:-))]1/2 (39)

where

R = r/(r + h)

RDIST = Ray-path distance, in km.

(Other symbols as in Fig. C-8,)

8. Microwave Region, Domain V

a, The fifth F-D domain of tkLe propagation model lies
between the frequency limits of 60 MHz < F = 10,500 MHz. Thre~
possible types of propagation paths exist in this part of the
model, The equations used to estimate path loss in this micro-
wave region have been tsken from an HRB-Singer, Inc., Ref. 17)
and were also used in the ACCESS simuletion, In this study,
empirical loss expressions derived from numerocus sets of signal
measurement data are presented. The thres kinds of paths modaled

are called

C-47
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0.

IONOSPHERE LAYER

EARTH'S
SURFACE

r — EARTH'S RADIUS = 6370 KMS
D — GROUND DISTANCE, IN KMS
h — LAYER HEIGHT, IN KMS

& - RADIATION ANGLE

FIG. C-8  GEOMETRY OF IONOSPHERIC RAY PATH
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(1) Esssntislly Line-of-Sight Paths, Defined as
line-of-sight except fox possible small ocbstruc-
tions near the transmitter antenna l1ocation
(see Fig. C-9),

(2) Single-Obstacle Paths. As depicted in Fig. C-8,

(3) Multiple-Obstacle Paths. As depicted in Pig.
C-9.

b. The basic transmission loss functions for the

various kinds of patks are:

(1) Line-oft-sight path

Lbz = Basic line-of-sight path loss (dB)
Lbz = 23.0 + 30 log10 F 4+ 20 1og10 D (40)
(%) Single obstacle path
Lso = Basic single obstacle path loss (dB)
Let
H 1\ 2
A = 46.2 + 1070(5>- 7500(—6) + .00268 (F) + 28.34 log,  (F)
B, = .879D - .00378D°
Cs = .879 (150) - .00378 (150)2 + 26 log10 (D/150)
Then
A +B_ , D<150 km
L = s 3 (41)
A +0  , D>150 km
s s
(3) Multiple-obstacle path
Lmo = Basic multiple path loss (dB)
Let
Hl Hl 2
Am = 119.9 + 287(5‘)~ 11000(51) + .00425(F) + 14.98 loglo(F)

C-49
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LOSCURVE

S 4 E

VA ?\/K_TERRAIN
PROFILE

w) LINE-OF-SIGHT {LOS) PATH

)

s 4 E
TERRAIN
PROFILE

h) SINGLE OBSTACLE PATHS

| t
-Hy My

H,

(c} MULT!PLE OBSTACLE PATH

E = EMITTER SITE
§ = SENSOR SITE

M = HEIGHT OF OBSTACLE ABOVE LOS CURVE

FI1G. C-9 CLASSIFICATICN Or PROPAGATION PATH
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B = .541D - 00159 0%

c, = .54 (150 - .00150(150)% + 26 log,, (D/150)

Then
[An+3m , D <156 knm
Lmo = (42)
A +C ; D> 150 km
] m
where
L = Total be3ic transmission loss in dB
F = Wave frequency in MHz
D = Path length in km
H = Maximum obstacle height in km above 4/3 earth

radius curve joining path terminels (see Sec, IIL
of this appendix).
It should be noticed that for both the single ani
multiple obstacle equations that the last several terms are

altered and added to for the croussover range of 150 km.

1a€ determination of line-of-sight or number of obstacles
in the path is made elsewhere in the simulstion and is discussed

in Sec. II of this appendix.
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