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SUMMARY

There is a l ack of appl ied simulation analysis of electronic warfare
(EW) in a division combat environment. The COMMEL II combat simu—
l ation model was extended to create such an analytic tool. This
paper describes the process of development of COMMEL 11.5 (the
extended model). The EW features i ncluded are Jamming and direc-
tion finding (DF). The model development approach Is described
from system operational description to event and i nput representa-
tion on the model. The COMMEL 11.5 Model was al so executed In
assessment runs using scenarios for an 8—hour battle. In these,
the Red EW was shown to have stati stical ly significant adverse
effects on Blue force combat and communications performance. A
resulting observation was that COMMEL 11.5 demonstrates the poten-
tial for comparative analysis of simulated division combat with
and wi thout EW. The effects can be measured in terms of changes
in combat status and in performance of electronic systems.
Another observation was that the model should be extended to in-
clude a broader representation of intercept intelligence.
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SIMULATION OF ELECTRONIC WARFAR E WITH THE COMMEL MODEL

CHAPTER 1.
INTRODUCT ION

i-i. PURPOSE. This pape r describes both the extension of the
COMMEL Model to incorporate simulation of el ectronic warfare ( EW )
and an assessrn~nt of the resul tant model . The term EW as appl ied
in this paper includes use of el ectronic countermeasures ( ECM) and
electronic warfare support measures ( ESM) . The modifi ed model was

• designated COMMEL 11.5. The ultimate aim was the pl ausible repre-
sentation of LW effects on combat outcome through interaction wi th
communications. The COMMEL II Model Is a computerized division

• level simulation of combat which dynamical ly integrates communica-
tions system perfo rmance wi th tactical events . The basic model is
described in more detail in Appendix C.

1-2. RELATION TO OTHER STUDIES AND AUTHORITY. The Director of
Tel ecommunications , Command and Control , Office Deputy Chief of
Staff for Operations and Plans (ODCSOPS) has sponsored several
studies at CAA to suppl ement the findings of the United States
Army T r a i n i n g  and Doctrine Command (TRADOC) study of the Inte-
grated Tactical Communications System (114ThCS). USACM was to
investigate the relative infl uence on combat of two al ternative
communicat ions systems (i.e., current communications and the INTACS
system). The results of the initial phase of the investiga-
tion were published in an earlier CAA study report.* In the sec-
ond phase it became necessary to analyze further the effects of
ECM (jamming ) and to include simulation of active ESM (direction
finding). The formulation of the COMMEL 11.5 Model was in re-
sponse to that need . The resul ts of this second phase study ,
utilizing the COMMEL 11.5 Model , are repo rted in a separate CAA
study report.**
1-3. PROBLEM . The Army did not have a ful ly computerized simul a-
tion of EW in a comprehensive division-level communication and
combat environment. Current model s either simulated combat in

*US Army Concepts Analysis Agency, (U) “Contribution of Inte-
grated Tactical Communications System ( INTACS ) Al ternatives to
D i v i s i o n  Combat ,~ CAA-SR-76—5 , Apr 76.

C-

**US Army Concepts Analysis Agency, (C) “Contribution of Inte-
grated Tactical Communications System (INTACS) Al ternatives to
Division Combat-Il ,” CAA—SR-77-2 , Jul 77. (U)
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detail while neglecting communications structure or vice versa.
The COMMEL II Model provided the only comprehensive framework for
introducing EW in a combat/communications interface. However , the
model simul ated only a rudimentary j ammi ng feature of ECM wi th no
representation of any aspect of ESM . It was necessary to investi-
gate and modify COMMEL II to broaden the simulation of EW pro-
cesses wi th SIGINT.

1- 4. OBJECTIVE. The objectives of the COMMEL II extension were

a. Determine the feasibility of modifying the COMMEL II Model
to expand the EW simul ation.

b. Define a l ogical event structure describing the LW opera-
tions to be model ed.

c. Modify the COMMEL II Model to include the events of the new
EW logic.

d. Exerc ise the modifi ed model ( COMMEL 11.5) and assess the
validity of resul ts.

e. Doc ument the new EW features of the COMMEL 11.5 Model .

Efforts to meet objectives a. through C. above were initiate d dur-
ing the methodol ogy for the second phase INTACS Study. Objectives
d. and e. are unique to this study.

1-5. LIMITATIONS . a. Only Red EW operations were model ed .

b. No Blue LW operations were model ed since the Red forc e com-
munications were simulated as ‘ perfect ’ communications , i.e.,
there were no degradations or failures in the system . Current
computer storage limitations require model operation under this
option.

c. Only the Di rection Finding (OF ) aspect of ESM was model ed .

1-6 . METHODOLOGY. The model modification effort was structured
into the followi ng sequence of steps:

a. Actual System Operation. The experience of military of-
ficers at USACAA provided extensive background in devel opment,
application and assessment of EW and in the eval uation of IWTACS.
Their experience was used to define a reasonable ‘real world ’ rcp-
resentatlon of LW processes.

1-2
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b. Model Examination. The COMMEL II Model was examined to
l oca te rou tines , variables and logic which coul d be extended and
appl ied to portray as many aspects as possible of the ‘ real worl d’
LW system . Software constraints such as computer storage limi ta-
tions al so had to be considered .

c. Logical Flow. An event chain was built to represent the OF
process. Each event determined new input variables and code which
were constructed and merged into COMMEL II to form COMMEL 11.5.

d. Input Data Assembly . After COMMEL II had been modified ,
val ues of reasonable input data for test and assessment of COMMEL
11.5 were gathered .

e. Test /Assessment. Using CAA INTACS Al ternatives study sc e-
narios , COMMEL 11.5 was exerc ised wi th and wi thout Red LW. Pl au-
sibility and validity of results were assessed in light of sce-
nario conditions and the design of the EW model logic.

1-7. MODEL ASSESSMENT. a. General. The assessment resul ts di s-
cussed herein are not intended to be a study of the effectiveness
of alternative communications systems. The INTACS system Is the
only one di scussed in this report. The scenarios and effective-
ness /performance measures empl oyed demonstrate the operation and
pl ausibility of the EW features of COMMEL 11.5.

b. Definiti ons. The assessment resul ts were expressed in
term s of measur es of performance ( MOP) and measures of effective-
ness (MOE ) . An MOP measures only technical direct effects of a
system . Frequently , this is in terms of localized system perfor-
mance wi th minimal regard for interactions or consequences in a
larger environment. An MOE is broader in scope and refl ects the
impact of a system on total force effectiveness. The ideal MOE
shoul d refl ect the contribution of the LW system in terms of
‘ val ue added to the forc e ’ . Si nce the COMMEL 11.5 Model provides
a dynamic interface of communications and combat performance , the
der ived measures can relate communications system status wi th and
wi thout EW to the ability of the forc e to accompl ish its mission.
In thi s manner , second order effects of LW can be assessed.

1-8. ORGANIZATION OF PAPER. This paper is organized into the
fol lowi ng parts. Chapter 1 is an introduction and overv iew.
Chapter 2 describes the methodol ogy devel opment of the EW simul a-
tion. Chapter 3 describes the assessment and eval uation of the
extended model . Chapter 4 gives observations derived from the
study . Appendix A names the study contributors . Appendix B is a
glossary of special i zed terms and acronyms. App endix C describes
the COMMEL II Model which was used as a base for devel opment.

1-3
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Lastly, Appendix D describes the EW input structure in the ex-
tended model .

I
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CHAPTER 2

EW SIMULATION DEVELOPMENT

2-1. GENERAL . The base tool for devel oping the COMMEL 11.5 sImu-
lation methodol ogy was the COMMEL II Model . The devel opment pro-
cess described in  thi s chapter req ui red a d e f i n i t i o n  of EW opera-
t ions  and a means of representing these in an extended model . New
EW input data al so had to be formul a ted and assembled .

2-2. EW OPERATIONS. For purpose of feas ibility in model ing, the
EW operational aspects were condensed as follows :

a. ECM. ECM (jammi ng) is used to neutralize enemy communica-
tions links. Jammi ng is of limited duration on any single channel
since the user can shift frequency . Ideal ly , a single j ammer wil l
have sufficient bandwidth and powe r to render several channel s
unusable. Use of ECM can impede the fl ow of information among
enemy units .

b. ESM . The uses of intercepted signal intelligence (SIGI NT )
are brow Much SIGINT analysis requires the use of collateral
intelligence sources. Some aspects of SIGINT coul d not be ade-
quatel y model ed in this devel opment wi thin the available time .
Restriction to a basic and direct application was necessary . The
application represented herein is the location of hostile radios
through direction—fi nding (OF ) sensors (i.e., ESM). A t r i ad  of
sensors might reasonably be depl oyed near the fo rwa rd edge of the
battl e area (FEBA) . Each sensor then acquires a line of bearing
to enemy radios. The OF intelligence generated from all senso r
units is merged wi th collateral intelligence. Commanders can use
the combined intelligence as combat information for artillery tar-
geti ng or as intel l igence for tactical operations. A styli zed
event fl ow diagram of such a OF intelligence process is shown in
Figure 2-1. The event sequence described is a reaso nable applica-
tion scheme . It was sel ected for plausibility of use in a model
‘ test base ’ , not for total comprehensiveness.

2-3. MODEL EXAMINATION , a. Overall Model. The Commel II Model
is a ful ly computerized simulation of division level combat and
communications wi th resolution to company level . The simulation
has four submodels: the tactical submodel , the communications
submodel , the backgroun d t r a f f i c  submodel a nd the message proces-
sor submodel . A detailed description of model operation can be
found in Appendix C.

2—1
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Figure 2-1. OperatIon and Fl ow of OF In telligence
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b. ECM. The existing ECM feature in the COMMEL II Model was
the jammi ng of enemy radio nets. Using specifi ed inputs , the
model randomly selects the appropriate number and types of links
to be jammed. Each sel ected link is j ammed f or 15 simul ated mi n-
utes. At any instant of time , onl y the specified (input) propor-
tion of links are j ammed . This representation of j ammi ng was con-
sidered to be an adequate ‘first cut ’ and was left unal tered so
that devel opment effort coul d be concentrated on SIGINT features.

c. ESM. The tactical and message processor submodel s of COMMEL
II were suitable for adaptation to include ESM. These adapta-
tio ns were li nk ed with the model routi nes generat ing long range
intelligence. To use these to simul ate OF intell igence , a l ink
wi th ‘on-air ’ radio status was established in the message proces-
sor submodel . Special ESM input variables al so had to be defined
and iinked wi th several model routines.

k (1) Long Ran9e Surveillance. The COMMEL II subroutine FARSEE
simulates the acquisition of long range intelligence on enemy
un its. Such info rmation is typical ly gathered by air observers,
radars , drones and similar devices. The routine uses input fac-
tors d e s c r i b i n g  a set of long  range intel lige nce devices and the i r
sensing characteristics. Intelligence is then col lected and re-
layed upward at game time interval s of 15 minutes. The sensor
information acqui sition rate is determi ned by the inherent sensor
sensitivity , com position (type and strength) of the unit detected ,
its distance from the senser and the nature of intervening ter-
ra in. Subsequent to acquisition , each senso r unit rel ays its in—
tell igence to higher echel ons where it is merged wi th information
from other sources (e.g. short range forward observers). The
level of intelligence is a factor in artillery targeti ng , genera-
tion of status reports and in commi t/decommi t actions. In addi-
tion , the level of intellige nce directly affects movement status
and attrition rates.

(2) Surveillance Modifications. Much of the intelligence
process detcribeUabove is applicable to DF acqui sitions. How-
ever , a DF sensor when sui tably pl aced will have only minimal
short range terrain interference. The sensing process must inte r-
act with the message traffic in the communications env i ro~~ent.The COMMEL II Model was modified to enable definition of special
sensor devices representin g the OF system. These special devices
operate much like a standard COMMEL II l ong range sensor except
that terrain inte rference is minimized. In addi tion , a time—de-
pendent link was established between the tactical and message pro-
cessor submodels. The link makes the OF intelligence rate depen-
dent on the time since the last radio transmission by the detected
unit. The types of radio to be scanned (e.g. SSB , FM) are input

2—3
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parameters. The mechanisms of COMMEL II al ready prov ide for the
merging and fading of intelligence. These were not modi fied. The
artillery targeting subroutines of COMMEL II had to be extended to
Include eval uation criteria for target selection using OF intelli-
gence. Decision rules for selection of other tactical actions
(e.g. maneuver patterns) based on OF information were judged too
compl ex to model in a first stage attempt.

2-4. LOGICAL EVENT CHAIN. A scenario base was constructed which
Included a triad of Red divisional el ectronic warfare (EW) units.
Each EW unit possessed one DF sensor. The system features were
represented by a DF intelligence event chain. The chain begins
wi th sensor acqui sition of DF Info rmation and ends wi th the forma-
tion of artillery target l ists incorporating the new intelligence.
The chain is described as fol lows:

a. Acquisition. The upper hal f (above dotted line) of Figure
2-2 portrays the COMMEL 11.5 events in the OF intelligence acqui—
sition process. Sensor intelligence (detection) l evel s are be-
tween 0 and 1. These were converted to plausible OF detection
probabilities through application of a curve-fi tting processing
using scale factors. An input threshold val ue serves as a detec-
tion l evel cutoff for determining a “good” OF fix on a unit.

The three senso rs are located in  the Red General Outpost Line
(GOP) and operate independently of each other. A sensor scan was
performed at 15 minute interval s of game time. In eac h scan pe-
riod COMMEL 11.5 initial ly assesses the number of conditional good
f ixes on a unit. These are based on sensor sensitivity, distance
from unit and unit type. For each detected unit , a ‘col l ection
center ’ located at one of the LW units subsequentl y determines
whether It has at least two good f ixes. If not , no actio n or ef -
fects resul t due to insufficient information. The initi al fixes
are al so conditioned on associated electronic emissions. There-
fore , in addi tion to two conditiona l good fixes , a uni t  must have
generated a message in the scanned radio modes wi thin the past
game hour .

b. Intelligence Assessment and Transmittal. The events in
thi s section are reflected in the l ower hal f (bel ow dotted line )
of Figure 2-2. The intelligence col lection center merges DF in-
telligence passed by all three LW units during the acqui si tion
phase. The merged intelligence is adjusted so that it is higher
for units detected wi th three fixes than wi th two. A OF intelli-
gence adjustment is also made on the basi s of time elapsed since
the last radio transmission from the detected units . A factor
denoted by ‘Tm Since Last Xmsn ’ in Figure 2-2 reduces DF Intelli-
gence level wi th increasing time since last transmission.

2-4

—-

~ 

~~~~~~~~~—~~~—-- .~~~~~~~~~~~
- - _ ~~~~~~~~~~~~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~ 

y~~~~~~~~~~_  ~~~~~~~~~~~~~~ --~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
—

~~~~~~~~~~



~T T ~’’~’~ ~~~~~~~~~~~~ 

,— --- - - - - .  - -~~~‘-~ 

~~i~~
- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

,-----. - - -- -—--
~~

------ 
_-

CAA-TP-77-2

~~ ,~~ 
‘~0 -. -a—.- 2 —0- I -a—— ~~ —o.

I S.-
I ‘—

I >
_ _  I

L~J 0
I 4-)

S.-
‘I,

~ C
I ‘I,
I -~~~~~_.J ,_

~~. I0 0~~~—
U,
4-,
C

o

~~~~~~~~~ w’- 0

:~~~~ 
L~~~~~~~~~~~~~~~~~~ — <\/~

/
~>H Hb 

I

1~ 1
a-’

2-5

~~IIl6_ . ~~~~~~~~~~ _~ _. —-— - -——‘ --——— a- ~~~~~~~ -, -“ —~~~~~~ --- . —~-—-—— - ~ . t _ A~~~~a~ -~~~~~~~~~~~~~~
_
~~~~~~~~~t à -  —‘-———-——t’- —~ - 

s___— ~~~~~~~~~~~~~~~~~~ - .~__
~
_ .__ 



r~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -

CAA-TP-7 7-2

The intelligence on all enemy units Is assessed and adjusted dur-
ing each 15 minute (simulated time) sensor scan period. At the
end of the period , if DF activity has acqui red Information on at
l east one enemy un it, the col lection center transmits an intelli-
gence message toward the division artillery command post (CP). If
this message is blocked , the CP must act on old Information. The
model continually degrades ‘aging ’ intelligence to reflect its
time perishability , so its update and renewal are vital .

c. Intelligence Events at Division Artiller y . A schematic
representation of DF intelligence processing at Division Artillery
(Div Arty) is shown in Figure 2-3. Upon receipt of a DF intelli-
gence message the Div Arty CP merges that info rmation wi th intel-
ligence col l ected from other sources (e.g. radars and forward ob-
servers). In the merge process, intelligence overlap is taken
into account on a unit by unit basis through the formula:

Im = 10 + Id (1 - 10)

where lo = old total intelligence on unit
Id = new OF intelligence on unit
Im = merged intelligence on unit

Conceptually, the above formul a states that merged intelligence is
the sum of old intelligence and that portion of new DF intelli-
gence which is not included in old intelligence. After processing
the intelligence , the CP assigns val ues to potential General Sup-
port (GS) artillery targets. Components of artillery target val ue
i ncl ude intelligence l evel on the target, range , and sui tability .
Addi tionally, the target val ue Is enhanced according to the number
of good fixes on the target. The EW enhancement factors ~re input(Appendix 0), but target val ue shoul d be greater wi th three fixes
than wi th only two. The degree of enhancement is al so a function
of the unit type (i.e., composition) of the target. The Div Arty
CP then ranks the potenti al targets according to their val ue and
assigns priorities. The model assigns highest priori ty to poten-
tial targets on which there are three good fixes. Those wi th only
two fixes are given second priority.

2-5. RATIONALE . The logical event chain described above shoul d
produce certain predictable simulation effects. The sensor
acqui sition rate is range and radio dependent. No DF intelligence
is generated if a target unit is silent or out of range. Un i ts in
sensor range and transmitting are more likely to be targeted by
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Figure 2-3. OF Intelligence Process at Div Arty
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artillery. If struck, these units may suffer extensive damage
since artillery damage depends in part on target intelligenc e
which is enhanced by the DF process. The DF contribution is de-
pendent upon the precision of the artillery being at l east as good
as the precision of the artillery locator. The efficiency of ar-
tillery strikes shoul d be increased wi th added OF intelligence.
Movement of target units shoul d al so be degraded due to the more
effective artillery and the addi tional intelligence from DF. Per-
formance of the communications system may be degraded depending on
the communications links through units which are struck and at-
trited. If OF is combined with jaming , the targeted force
should suffer direct communications link degradation. This , in
turn, may reduce the tactical effectiveness of the force.

2-6. INPUT DATA. The basic input data set of the COMMEL II Model
was used In COMMEL 11.5. Incorporation of the DF modification
required addi tional i nput variables which were inserted into the
parameter cards of the COMMEL executive routine. In addi tion ,
certain surveillance input factors were al so modifi ed for the COMMEL
11.5 Model . Specific formats and definitions for COMMEL 11.5
EW inputs can be found in Appendix D. A set of plausible val ues
for these EW input factors was al so devel oped. Sui table data val-
ues were derived from the experience of Signal Corps officers at
USACAA. Recommended factors for the assessment scenarios wi th EW
included an input jammi ng level of 30 percent over all Bl ue FH
radio nets. The categories of specifi c OF input factors and a
description of their quanti fication are as follows :

a. Sensor Units. The sensors are organic to the defending Red
force. Three units of the Red GOP are designated as OF units.
One of them serves as a col lection center which transmits the OF
intelligence upward to the artillery CP.

b. Sensor Characteristics. Only one type of DF sensor is
used . Its response characteristics are the same in each OF unit.
Through appropriate scal i ng , DF sensor intelligence is rel ated to
a detection probability . The transformed sensor i nput then re-
flects a f unctional relat io n s h i p  between detectio n probabi li ty  and
sen sor-target distance. A representative graph of detection ver-
sus distance , a s u sed in the assessment , is  shown in Figure 2-4.

c. Good Fixes. The basic OF intelligence acqui red by an indi-
vidual sensor Is considered to be a good fix onl y if its asso-
ciated detection probability is greater than 0.10. At least two
good fixes are necessary for OF i ntelligence to be generated.
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Figure 2-4. Detection v s .  Di stance — Bl ue BnCp

d. intelligence Enhancement and Good Fixes. The OF intelli-
gence confi rmed by all three sensors (i.e. wi th good fixes) is
val ued 50 percent greater than tha t determi ned from only two good
fixes. There is no effect from less than two fixes.

e. Intelligence Enhancement and Emi tters. No OF intelligence
is produced on a target unit which has generated no radio messages
for over an hour . When intelligence is produced , its level is
affected by the recency of the last radio transmission of the de-
tected unit. There is an intelligence attenuation wi th age which
refl ects the perishability of emission info rmation. Figure 2-5
shows the adjustment of OF intelligence wi th increasing el apsed
time since transmission by the detected unit. A dynamic adjust-
ment is possible since the COMMEL 11.5 Model maintains a conti nual
record of the time of the last radio transmission from each unit.

f. Artillery Target Factors. Artillery target val ues are ad-
justed according to the number of good OF fixes. The val ue of DF
intelligence is only one input in the computation of artillery
target val ue. Target distance , strength and unit type are al so
components. Targets wi th three good fixes are val ued twice as
highly as those with only two if all other factors are equal .
The target val ue can al so be varied accordi ng to unit type, but
all unit types were treated equal ly in the assessment scenarios.
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CHAPTER 3

ASSESSMENT AND EVALUATION

3—1. INTRODUCTION. This chapter describes the assessment of corn-
parati ve operation of COMMEL 11.5 wi th and wi thout an active Red
EW environment. MOP and MOE are appl i ed to determine the extent
of the effects of the LW modifications. Limi tations on the scope
of results and of techniques are al so discussed.

3— 2. PROCEDURE. a. General. The COMMEL 11.5 Model was exer-
cised to determi ne the variation in model output due to Red LW ,
(DF intelligence and j ammi ng). Effects were analyzed by comparing
selected MOP and MOE extracted from assessment runs wi th and with-
out EW. Comparati ve analyses in terms of cause and effect were
performed. The scope of the assessment was limi ted to a gross
eval uati on of the two scenarios described below.

b. Scenarios. The two scenarios were taken from those used in
the USACAA study , Integrated Tactical Communicati ons System
(INTACS Al ternatives II).* Only the INTACS system was considered ,
the objective here being the assessment of the effects of EW rou-
tines in COMMEL 11.5; competi ng systems are not compared. The
basic scenarios used are as fol lows.

(1) Control Case. A Bl ue armored division in an attack pos-
ture engages in ei ght hours of combat with a defendi ng Red motor-
ized rifle division .

(2 ) Red EW Case. The Red EW scenario used the control case
scenario wi th the addition of LW. The Red division operated with
three organic DF sensors , eac h being located in a unit of the GOP.
In addition , Red ECM included jamming affecting 30 percent of all
Bl ue radio links.

c. Assessment Measures. In the analysis of communicat ions and
force operations , two communicat ions MOP and four combat MOE were
used. Cumulative combat stati stics were tabulated.

(1) Comunications MOP. The followi ng MOP were used to
evalua te the effect of EW on Bl ue communications system perfor-
mance.

*op cit
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(a) Number of Blue Units with Good Fixes. In the context
of an LW scenar io, this measure quanti fies the extent of coverage
of the Red OF system and conversely the vul nerability of Blue com-
munications. it is a first order MOP and cannot be related di-
rectly to combat outcome. This MOP has no meaning in the control
(No LW) scenario.

(b) Number of Blue Message Failures. The second order
impact of LW on communications is assessed by this MOP. Model
input parameters set deadl i nes that determine the maximum al l ow-
able message transit time for delivery for each message type. If
a message is not delivered by the deadline time for any cause , the
message is counted as failed. Degradation of the Blue communica-
tions system due to EW should be refl ected in increased frequency
of message failure . This MOP is given in the context of total
messages generated so that a percent failure can be assessed.

(2) Combat MOE. The followi ng MOE were used to evaluate the
impact of EW operation on Blue force combat outcome. Since these
can depend on deployment status, Blue statistics were separately
computed for battalions depl oyed in reserve and in commi tted
status.

(a) Blue Progress Toward Objective. This MOE measures the
progress made b~ Bl ue battalions advancing toward tactical objec-tives. The progress along a straight line from the lead unit p0—
sition of each battalion to the center of the battal i on objective
was measured as a percentage of the initial distance (from the
line of departure (LOD)) to the objective.

(b) Blue Battal i on Move Rate. This MOE measures the aver-
age rate of progress (km/hr) of attacking Blue battalions along a
line from the LOO to their tactical objectives. The MOP was cal-
culated by partitioning the battalion path from the LOU to the
objective Into segments, each of which represented one hour of
travel .

(c) Number of Blue Personnel Attrited. Thi s MOE is the
total personnel lost by Blue forces during each period simulated .

(d). Number of Red Artillery Strikes. This MOE is the
total number of Red (General and Direc t Support) artiller y strikes
initiated during the period simulated. All strikes fired were
counted , regardless of the resulting effectiveness of the strike.

d. Definition of Cumulative Sum. Most of the combat MOE are
tabulated at the end of each simulated combat hour. An overal l
summary stati stic was developed. A simple average over hours was
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not meaningful since the tabulated val ues generally represent Cu-
mulati ve status at the end of each hour. The area under the bar
graph of status versus elapsed time was more useful . Thi s measure
was defined as the 1 cumulative sum ’ for that MOE. In the cases
herein , the (time) spacing between bar chart ordinates was one
game hour. Therefore, the corresponding cumulati ve sum is equiva-
lent to the sum of the ordinates ( status values ) . However , it
should be regarded as dimensionless and as an unnormalized area
(unnormalized since its ma~nitude depends on the ordinate scale).The measure does have util ity when interpreted as an ‘area under
the curve ’. The ‘curve ’ is that impl ied by the continuous graph
representation of any of the bar charts shown. Figure 3-1 illus-
trates the concept of cumulative sum as derived from a bar chart.
For a cumu l ative status char t, a large val ue of the cumulative sum
can be due to multiple influences. It could reflect a large stat-
us change from one hour to the next. However, the same effect
results from a moderate status change occurring at an early hour.
Therefore , the statistic is infl uenced by both the magnitude and
timing of a change in battalion state. The cumulative sums were
computed over four and eight simulated combat hours in the scenar-
ios studied.

e. Sampling Considerations. The COMMEL 11.5 Model has sto-
chastic processes in the communications failure and repair al go-
rithms and in the allocation of background message traffic.
Therefore, some random variation in model results is expected from
runs using the same scenario wi th different random number ‘seeds ’.
Three replications differing only in random ‘ seed ’ were executed
from both the control and the EW scenario. The arithmetic average
of results for each scenario was used in the computation of MOP
and MOE.

f. Statistical Tests. The differences in MOP and MOE al one
were not rel i aole indicators of statistical significance. A Stan—
dard t—test was used to assess the significance of differences
between the control and Red EW cases. Six data points were used
in the statistical formula for each test, i.e., the values from
the three replications for each case were used indiv idually in the
determination of significant differences. The highest signifi-
cance level associated wi th each MOE comparison was determined and
is tabulated.

g. Battalion State. A broad analysis of preliminary model
results indicated that smal l but consistent differences were ob-
served between units initial ly in committed and in reserve status.
Therefore , combat results were separately tabulated for a battal-
ion in each state.
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3—3. ANAL YSI S OF COMMUNICATIONS RESULTS. a. Number of Fixes.
Table 3-1 shows the incidence of 1, 2 and 3 good fixes acquired by
the Red OF system in the LW scenario. The total number of Bl ue
units with 1, 2 or 3 good fixes is 28 in the first hour. The
figure rises to 35 at the fourth hour and decreases to 18 by the
eighth hour. These results plausibly reflect the tactical move-
m~nt of the scenario. Since the sensor units are in the Red GOP ,
they are initially near the FEBA. Therefore , their initi al ac—
quistion rate is substantial and their coverage is broad. By the
fourth hour , the Blue front line units have contacted or broken
through the Red main line of defense. At that time , the Red GOP
is retrenching toward rearward positions where their facilities
will be reestablished. Overall contact is more intense than at
the start. The result is an overall rise in OF fixes. However ,
since the retrenching ~OP is no l onger optimally deployed for re-
connaissance , the breadth of coverage is reduced. Therefore ,
there are fewer incidents of three good fixes (12 versus 27 at the
first hour). As the battl e progresses , total sensor acquisitions
are reduced as the GOP moves in stages toward reestablished posi-
tions out of the path of the main Blue advance. In summary , the
OF results are consi stent with the changing state of combat and
enhance model credibility .

Table 3-1. Number of Blue Units with 1, 2 ana 3 Good OF Fixes

Num ber of Good Fixes

Hour One Fix Two Fixes Three Fixes

1 0 1 27
4 6 17 12
6 7 11 7
8 3 10 5

D. ~1essage Failures. Table 3-2 shows the message failure in-
c i dence for both scenarios. The failed Blue messages ger~ rate d
from l ine units are difrerentiated from those generated ~y Supportun its (background traffic). The E~ scenar io produced over 50 per-
cen t more total message failures than the control . This di ffer-
ence is significant at tr~e 0.01 level. Since considerabl y fewer
messages were generated in the L~ case , the difference in percent
faile d is even larger. The increased failures result from a com-
bination of jamming and increased vulnerabil ity of equipments from
improved Red targeting due to OF intell i gence. The increase in
message failures under E~ is smal l for support units. However ,
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the front line units i ncur over 100 failures in the EW case but
virtually none in the control . Most of the line unit message
failures were Bl ue intelligence messages. This resu~t reflectsthe increased susceptibility of the Bl ue front line units to at-
trition and ECM . Several factors are responsible. Fi rst, these
units are in close contact with the Red forces. Secondly, most of
the division radios affected by ECM and sensed by OF are in these
units. In summary , the failure statistics are consistent with the
structure and operation of the tactical communications system .

— Table 3—2. Number of Blue Message Failures After 8 Hours of
Combat

Total Total Line Unit Spt Unit
Scenario Fails Msgs Fails Fails

Control 241 4,760 1 241

Red EW 382 4,110 104 278

3—4. ANALYSIS OF COMBAT RESULTS. a. General. The resul ts pre-
sented in this section are for a Blue division on the offense
against a defending Red motorized rifl e division. All but one MOE
refl ect Bl ue status. Use of Blue force stati stics directly re-
fl ect active Red LW effects. In addition , the Red force is in a
defense posture and has a primary mission of stopping Blue at-
tacker progress. Therefore , success of the Red force can be mea—
sured through its degradation of the Blue attack mission. One
statistic of Red status-—the number of Red artiller y strikes—-is
presented as a means of assessing the effect of the DF system on
artillery utilization.

b. Tactical Outcomes

(1) Blue Progress Toward Objectives. Figures 3—2 and 3—3
show Blue progress toward objective wi th and without Red EW for a
commi tted and a reserve battalion respectively after 4, 6 and 8
simulated combat hours. The corresponding cumulati ve sums (as de-
fined in paragraph 3—2d.) and the statistical si gnificanc 3 of dif-
ferences between the control and the EW cases are shown in Tables
3—3 and 3-4. The trend of all statistics is consistent with the
pattern of battle. After an initial advance , contact with the GOP
slowed Bl ue progress from the first to the second hour. After
penetrating the (~OP , the Blue advance accelerated unti l it en-
countered the main Red defense line between the fourth and fifth
hours. Subsequently, progress picked up unti l Bl ue units reached
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the final assaul t line near the objective In the seventh or eighth
hour. The pattern is similar for both the committed and the re-
serve battalion , but the l atter generally lagged the committed
force. The Blue advance under Red LW is generally less than In
the control scenario. The cumulative sums show that overal l Bl ue
progress is reduced under EW. This effect is due In great part to
Improved Red intelligence and targeting from the DF system as wel l
as to degradation of Blue communications links by Red ECM. The
ECM will reduce Blue intelligence and maneuver effectiveness. The
overal l results are compatible with the logical i mpact of the EW
environment on the observed flow of battl e events.

Table 3—3. Cumul ative Sum — Blue Percent Di stance To Objective —
- 

- 
Commi tted Bn

Hour

Scenario 4th 6th 8th.

Control 147.50 301.50 499.5

Red EW 146.00 295.00 489.0

Significance 0.25 0.025 0.05

Table 3—4. Cumulative Sum - Blue Percent Distance to Obj ective —
Reserve Bn

Hour

Scenario 4th 6th 8th

Control 144. 288. 473.

Red EW 136. 276. 456.

Significance 0.005 0.005 0.025
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(2) Blue Move Rate. Figures 3—4 and 3—5 show the Blue move
rate toward objective wi th and wi thout Red EW for a commi tted and
reserve battalion respectively. The associated cumulative sums are
shown in Tables 3—5 and 3—6. The statistics reflect the changing
status of battles. An initial ly hi gh Bl ue move rate is reduced
upon encountering the Red GOP in the second hour and the main Red
defense force in the fifth hour. The rate for the reserve battal-
ion tends to be higher than for the committed battalion. The dif-
ference may reflect the lesser resi stance (rel ative to lin e units)
encountered by the reserve. While there is considerable variabil-
ity, the overal l move rate as measured by the cumulative sum is
reduced by Red EW for both the commi tted and the reserve battal-
ion. A seeming inconsistency appears in the eighth hour on the
chart for the committed battalion (Figure 3—6). In that instance ,
the Blue move rate under Red LW is 60 percent greater than that
wi thout EW. The explanation is that the Bl ue battalion was very
close to its objective by the seventh hour in the control case.
This is apparent from Figure 3—2. Further significant progress
was blocked since a battalion “digs in ” at its objective. Under
Red EW , however , the degraded Bl ue progress during the first seven
hours left a greater battalion ‘distance to objective ’ over which
to travel . Thus , the apparent inconsistency reflects model rules
more than combat effects. On an hourly basis the l argest differ-
ence between Bl ue move rates wi th and wi thout Red LW generally
occurred followi ng a period of heavy resistance. In the commi tted
battalion after penetration of the Red main defense line in the
fifth hour , the move rate under EW was 16 percent less than in the
control case. For the reserve battalion , the Blue move rate under
EW after contacti ng the Red GOP in the second hour was 26 percent
less than in the control . These results are plausible since a
period of heavier force contact frequently generates more DF in-
telligence and targets for the Red force. While the overal l di f-
ferences are smal l , they are generally statistically significant
and consistent with the underlying tactical activities.

Table 3—5. Cumulative Sum-Blue Move Rate-Commi tted Bn

Hour

ScenarIo 4th 6th 8th.

Control 24.9 34.1 42.2

Red EW 24.4 32.1 41.2

Significance (1.20 0.05 0.10

3-10
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Table 3—6. Cumu lati ve Sum-Blue Move Rate-Reserve Bn

Hour

Scenar io 4th 
_ _ _ _  

8th

Control 26.1 35.3 44.7

Red EW 24. 5 34.3 43.2

Significance 0.025 0.005 0.10

(3) Number of Personnel Attr i ted . Fi gures 3-6 and 3-7 show
the number of Blue personnel attritecl by hour , with and wi thout
Red EW , for a committed and a reserve battalion , respectively. The
associated cumulative sums and significant l evels are shown in
Tables 3—7 and 3—8. In all cases the Blue attrition became heavy
only after the Red main defense line was engaged in the fi fth
hour. The integrateo sums show that the LW scenario resulted in
more overal l Blue attrit ion than the control • * For both the com-
mi tted and reserve battalions the largest relative difference oc-
curred in the fifth hour. The increased casualties under Rea LW
in that hour are partly due to the peaking of Red DF intelligence
under circumstances where it could be effectively used. These
ind uced close contact by the Red main defense line. The peaking
of Red OF intelligence between the 4tn and 5th hour is evident in
Table 3—1 w hich was d iscusse d ea rlier. The jammi ng aspect of EW
contributed to the degradation of Blue intelligence communications
links and their products. The lessened inte l li gence tended to
reduce Blue force ef fec t iveness and increase overal l  attrit ion.

*A si ue observat ion is that personnel at tr i t ion of the committed
B lue ~n in the Red E~ case after the f i f th  hour is considerabl y
less than that of the reserve bn. This ef fect  is due to the as-
sumption of decreased art i l lery vulnera ~~ iity of the fron t line
Blue bn af ter penetrating beyond the ~ec main defense l ine during
the fifth hour. At that time higher Red targeting priority was
alloca ted to the lagginy Blue reserve bn as the primary threat.
The Red E~ increased ar tillery effectiveness by reducin g target
error.

3-
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While there is considerable variati on on an hour—by—hour basis ,
the Blue attrition results conform to a plausible pattern of EW/
combat interaction.

Table 3—7. Cumulative Sum—Blue Attrition-Committed Bn

Hour

Scenario 4th 6th 8th

Control 27 88 225

Red LW 57 160 318

Significance 0.025 0.05 0.07

Table 3—8. Cumulative Sum-Blue Attrition-Reserve Bn

Hour

Scenario 4th 6th 8th

Control 10 72 229

Red EW 19 152 452

Significance 0.05 0.10 0.05

(4) Number of Artillery Strikes. Table 3—9 shows the number
of Red artillery strikes and units targeted wi th and without Red
EW over the 8 hour battle. The difference between the control and
EW case is significant at the .10 l evel . The artillery strikes
summarized here are missions actually conducted. This MOE mea-
sures Red artillery efficiency in terms of utilization and cover-
age. The Red force wi th LW generated 10 percent more artillery
stri kes against 10 percent more targets. The increase is a pro-
duct of added DF intelligence which was used to prov i de more ar-
tillery targeting information . A much larger increase in Red
strikes Is unlikely because all artillery is heavily utilized
throughout the battle. The control case (No Red EW) therefore has
small room for improvement. The greater breadth of target

3—16
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coverage under Red EW ref lects the selection of targets which
would not be included without the added OF intell igence. The
overall resul ts for this MOP are consistent wi th the expected op-
eration of the Red EW system .

Tab le 3-9. Number of Red Arti l lery Strikes

Red Arty Units
Scenario Strikes Targeted

Cont rol 140 41

Red EW 154 45

Signif icance 0.1 0.1

j
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CHAPTER 4

OBSERVATIONS

4-1. ANALYTIC POTENTIAL. The COMME L 11.5 Model has demonstrated
the potential for comparative analysis of simulated division com-
bat wi th and without EW. Force effectivenes s can be measured
through statistics on changes in combat status and in communica-
tions system performance. The fol lowi ng spec ific observations
resul ted from verif ication testing of the COMME L 11.5 Model .
These tests used a control sce nario wi th no EW and an EW scenario
wi th both Red OF and j amming .

a Blue Communications Performance. The comparative resul ts
showed that the DF system acqui red substantial intelligence and
that the pattern of acqui sitions c~ nfornied to the movement of
forces. The OF intelligence acquisi tions peaked at periods of
intense forc e contact. The increased incidence of Bl ue message
failures under Red EW was statistical ly significant and was shown
to reasonably refl ect the effects of Red EW. There were more mes-
sage failures under Red EW and these were concentrated in the
front line units .

b. Blue Combat Performance. The Bl ue force under Red EW was
impeded in its progress toward obj ectives. Whi le the differences
were smal l ( 2-6 percent) , most were stat ist ical ly significant at
the .05 level or better. The pattern of Bl ue fo rce movement and
the timing of significant sl owdowns under Red EW were consistent
wi th concurrent combat events. Results indicated that the impact
of Red EW was greater in periods of intense force contact. The
Blue attrition under Red LW was greater than in the control case .
Most of the associated differences were signif icant at the .07
level or better. The pattern and timi ng of variat ions in attri-
tion were associated wi th the changes in battl e state . The re-
sults demonstrated the logical and plausible interaction of the
simulated EW effects in the overal l context of battle.

c. Red Combat Performance. Red artillery uti l ization and
coverage increased about 10 percent under Red EW. This improve-
ment was statistically significant at better than The 0.10 level .
This resul t is compatible wi th the designed function of the DF
simulation process to provid e more intelligence for artillery tar-
geti ng .

4-2. MODE L IMPROVEMENT. The intelligence intercept capa hility of
signal intelligence (SIGINT ) has not been ful ly model ed . The COMME L
11.5 Model does simul ate the direction finding and artillery —

4-1
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target referral capabilities. However , the model shoul d be
extended to i ncl ude a broader representation of intercept
intelligence. The LW process shoul d be applicab le to either/both
the Red or Bl ue force wi th each operati ng in a detailed communica-
tions environment. Currently, the ful l EW process is adaptable
only to the Red force which operate s wi th a ‘perfect’ communica-
tions system.

4-2
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APPENDIX B

GLOSSARY

Bn battalion

COMMEL II A division-size ground combat/communicati ons simula-
tion which relate s combat action to communications
system effectiveness

COMMEL 11.5 An updated version of COMMEL II which i ncorporates
aspects of EW inc luding direction-findi ng

CP command post

DCSOPS Deputy Chief of Staff for Operation s and Plans

OS di rect support

DF direction-finding

Div Arty division arti llery

ECM electronic counter measure

ESM electronic warfare support measures

LW electronic warfare

FEBA forward edge of the battle area

FM frequency modul ated

GOP general outpost line

GS general support

INTACS Integrated Tactical Communications System

kilometer

LOU line of departure

MOE measur e of ef fec ti veness

MOi~ measure of performance
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SIGINT signal intellig ence

TRADOC United States Army Training and Doctrine Command

USACAA United States Army Concepts Analysis Agency

I

- B-2 -

~~~~~~ —-~~~~~~~~~~~



- 
~~~~~

- - - ---~~~-.~.- -.--~— r  

~~~~~~~ ~~

-..--‘------‘- ---—---- ,--- -

~~~

- -

~~

.- 
~~~~~~~~~~~~~~~~~~~~~~ ~~~~

‘‘
~~
7’ 

~~~~~~ 

- ~~~- ~~~ .~~~~~~~~~~ - C . ’  ~~

CAA-TP-77-2

APPENDIX C

THE COMMEL I I  MODEL

C— i. OVERVIEW . The Communications—El ectronics II (COMMEL II)
Model is a Computerized combat simulation which dynamically inte-
grates communicati ons and combat operations. The basic battle
simulation is at division l evel wi th resolution to company level .
The model consists of four submodels: the tactical submodel , the
communications submodel , the background traffic subrnodel , and the
message processor submodel . Figure C—i shows the relationships
between the submodels. The submodels operate interactively and
dynamica lly, and transmit event statistics to the output fi le
where resul ts are recorded periodically throughout the simulation.
The funct ions of each submodel are described below .

a. The Tactical Submodel. This submodel simulates the conduct
of tactical combat. Tactical activity progresses in essentially
the same manner as in many other combat simulation models in which
unit movement and attrition are driven by force ratios developed
from weapons firepower values. The tactical submodel presently
has a capacity for a combined total of 257 Red and Bl ue units.
Six general support ((iS) and six direct support ( DS) artillery
units are included in the 257 units; three (iS and three US units
must be assigned to each force. Ten types of units , e.g. , tank ,
infantry , artillery , can be simulated. The COMMEL II Model per-
mits the representation of up to 12 types of weapons on each side.
This permi ts a valid representation of combat capabilities of the
two opposing forces. Basic features of the tactical submodel in-
clude terrain constraints , unit commi tment and associated movement
rules , effects of indirect and direct fire , and f ire al location
logic. Command decisions and other key tactical data are gener-
ated in the tactical submodel and are subsequently transmitted as
messages through the simulated communications system . The tacti-
cal submodel al so generates combat damage to the communicat ons
system.

b. The Comunications Submodel. The communications submodel
determines the status of the divis ion communications system based
on input data and combat information from the tactical submodel .
Among the factors considered are equipment characte ristics, me-
chanical failure , combat damage , and equipment repair time .
COMMEL II simulates j amming of Blue radio nets; the s p e c i f c  nets
co be j ammed and the level of j amming can oe varied in accordance
w~tL the Study scenario.
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c. The Background Traffic Submodel. This submodel interacts
wi th the message processor submodel by inserti ng addi tional mes-
sages i nto the simulation to supplement those generated by the
tactical submodel . These messages represent a communications
traffic l evel present in actual situations , but not otherwi se spe-
cifically generated by the COMMEL II Model .

Data
input

Conrw n lcations
submodel

Data / I Data
input / / input

I I Systems I
erforrnance
output Background

Tactical submodel traffic
submode l

/

~~~ombat~~~) L 1 ss e pro- F
/ 

Systems
/performanc
( 

output

Figure C-i. COMMEL II Submodel Interrelationship
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d. The Message Processor Submodel. This submodel simulates
the processing of the messages gei,i~~ted by the tactical suornodel .
The message processor submodel determines if each individual mes-
sage will be transmitted without delay or wi th delay , or if It
will fail entirely. The identi ty of each message is maintained in
the submodel according to sender , receiver , length , content , corn-
munications net used, security , and precedence. Encrypting and
staffing delays are modeled. Backgroi~nd messages compete wi thmessages generated by the tactical submodel , with the status of
the communications system (supplied by ~he communications submod—
el) impacting on processing time , and wi th the availabil i ty of
required communications. Message failure or delay may result from
various causes , such as technical l imitations , e.g., radios out of
range , overloaded communications nets , combat damage , and equip-
ment failure. The message processor completes the simulation loop( wi thin COMMEL II by sending the message on to the tactical submod—
el. As messages are delivered , combat operations respond accord-
ing to the context of the simulated messages. Messages which fail
to reach addressees have no opportunity to impact on combat opera-
tions , which continue without benefit of the command decisions ,
target intelligence , or other information contained in the mes-
sages.

C—2. INPUT DATA REQUIREMENT. Data requirements for the COMMEL II
Model are extensive; on the order of 60 ,000 data i tems are needed
for a complete data base. This data set is subdivided into sev-
eral sections: tactical data , communications data , and background
traffic data. Each section is discussed below .

a. Tactical Data. Factors describing firepower , development ,
objectives, intelligence , artillery , messages, terrain and commit
decision are input. The message factors here refer to tactical
combat messages triggered by dynamic model events. The terrain is
characterized by mobility and concealment ratings. Di rect fire
weapons are assigned “combat values ” and nominal ranges.

b. Communications Data. Communications equipment and link
characteristics are input to the model . Equipments are assigned
vul nerable areas , failure rates, repair rates and ranges. Commu-
nications links are described by type, capacity , security class ,
traffic handled (e.g., intelligence), susceptibility to outages
from unit movement , and queuing discipl i ne.

c. Background Traffic Data. These data described tactically
related messages which form a basic l oad on the communications
system. These requirements are in the form of needl i nes, i.e.,
who talks to whom on a routine basis.

C—3
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C-3. OUTPUT. A large quanti ty of output is accessible through
disc , tape or printer. The complete communications and message
histories are retrievable. Periodic plots of unit locations can
be generated. The attrition for each urit and for each force
(Blue, Red) is printed at desi gnated intervals. Artillery strike
resul ts are printed as they are simulated. Reports on EW coverage
can be printed on an hourly basis. The detailed chronol ogical
status histories on disc or tape can be post processed to yiel d a
variety of summary statistics.
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APPENDIX D

INPUT STRUCTURE IN COMMEL 11.5

D—1 . GENERAL . Most of the input data and formats for COMMEL 11.5
are the same as those found in COMMEL II. The l atter are docu-
mented in the COMMEL User ’s Manual .* There are four types of in-
put data : tactical , communications , background traffic and pa-
rameter cards. As noted in Appendi x 0, each of the first three
types is passed through its associated preprocessor prior to being
used by the simulator. The parameter cards are read into the
simulator and contain information on game timing parameters , out-
put options, communications options and jammi ng. The EW data of
COMMEL 11.5 were i ncorporated into the parameter cards and the
tactical input of COMMEL II. The data sets for communications and
background traffic were left unchanged.

0-2. TACTICAL DATA MODIFICATIONS. Only two of the 37 tactical
data input blocks were reconfigured for COMMEL 11.5. These were
blocks EG and LB. Together , they define characteristics of sur-
veillance devices. The seventh category of block EG has been re-
served for defining an EW sensing device in COMMEL 11.5. The
overall block structure is described in the COMMEL II User ’s Man-
ual . Data block LB describes units possessing surveillance de-
vices. In COMMEL 11.5 the first six units of the block are re-
served for EW units using OF. Only the first two records of the
block are affected. The rest of the block is unchanged from that
descibed in the COMMEL II User ’s Manual .

0—3. CALIBRATION OF EW DATA. The “base intelligence generation
rate,” or “base rate(I),” for unit type I , input in columns 62—69
of block EG must be chosen according to the followi ng procedure.
First , a representative strength in terms of combat value must be
input for each enemy unit type in columns 6—13 of block EG. For
each enemy unit type I with strength ST H( I) compute :

S U R ( I )  = “base rate( I)” x4 / [STH ( I)x ( i .  — “base rate( I)” ) ]

Then , for a sensor—target separation distance of 0 km , the DF in—
telligence level from a transmitting target of type I with current
strength (combat value ) CURR(I) is:

*U5 Army Concepts Analysis Agency, “COMMEL 11 User ’s Manual”
Volume II - Input Data Preparation ,” CAA-D-76-6 , Oct 76.

0—1
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INT(I ,D) = [CURR( I) SUR ( I) ]/ [CURR ( I) SUR ( I) +4D2J
If CURR(I) is set equal to STH(I), then the value of “base
rate(I)” shoul d be selected so that INT(I ,D) represents a reason-
able intelligence—di stance relationship. The impl i ed curve may be
scaled by a constant factor.

D-4. PARAMETER CARDS. Most of the new LW i nput factors are read
through the parameter cards. Six new parameter cards were added
in COMMEL 11.5 to those already in use in COMMEL II. The struc-
ture and format of the complete set of COMMEL 11.5 parameter cards
are given below . The listed order of these cards is that required
for direct input into the model . El aboration on parameter card
structure as used in COMMEL II can be found in the COMMEL II
User ’s Manual .

COMMEL 11-5 Parameter Cards

These variables , read in at execut~:n time , determine options for
running of the simulator. Followi ng is a description of the input
cards wi th a definition of each parameter.

Card 1

Col . Name Format

1 II “1”

5—12 SIMID A6 ,A2 Six character run identi fier

16 KSAMPL Al Game option: 1 = tactical pl ay only,
2 = Red and Bl ue commo play (not operative
on the UNIVAC 1108 version), 3 = Blue

- commo play , 4 = Red conimo play

20-23 PSTART 14 Game start time (in minutes). Set to “0”

27-30 KGSTOP 14 Game stop time (in minutes )

34-35 KOMPER 12 Time (in minutes) between restart dumps

0-2
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39 NTACT 11 0 or blank - no translation done,
1 = translate binary tactical output.
Set to “0”

51 NRE AD I]. 1 = Unit names read from cards
2 = Unit names read from disk f i le
3 = Un-i t names not translated
Set to “2” for UNIVAC 1108 runs

Card 2

Col. Name Format

1 Ii “3”

6—10 DCRMT1 F5.3 Frequency of translation for
selected tactical arrays.

13—17 DCRMT2 F5.3 Number of messages over which to
take moving average for STM
performances

20—24 DCRMT3 F5.3 Number of minutes in current period

27-31 DCRMT4 F5.3 Base factor used in STM impact
cal culation -ì

34-38 DCRMT5 F5.3 Minutes over which to compute
moving average

41-45 FCRMT6 F5.3 Weighting factor for STM i mpact on
commi tted units in contact

55—59 FAILCN F5.3 On/off swi tch for STMGEN. F A I L C N  = 0
or blank means “ no STM” . STM traffic
is generated if FAILCN .NE. 0.

62—6 6 PCO NVR F . 3  On/off switch for COMSYS. 3.0 = NO
COIISYS play (any other va lue has
no effect )

_ _  

0-3 
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Card 3

Col . Name Format

11-15 INTD 15 INTO .(iT. 0 means ‘play Blue DF capabilit y ’.
INTD = 0 means ‘no Blue OF capability

16—20 INTR 15 INTR .(iT. 0 means ‘pl ay Red DF capabilit y”.
INTR = 0 means ‘no Red OF capability ’.

21-25 ZL1M F5.3 A OF device has a ‘gooc~ fix ’ on a
detected unit only if the OF intelligence
l evel on that unit exceeds ZL1M

26-30 ZNTMN F5.3 OF intelligence is not passed on to Div Arty
unless at least ZNTMN (amount of intell) —

has been col l ected on at least 1 unit.

31—45 FAC(I) 3F5.3 A multiplicative adjustment of OF i ntelligence
1=1 ,3 on a unit. FAC (I) is based on the occurrence

of I ‘good fixes ’ on the unit. Typically
FAC(l) = 0 < FAC(2) < FAC(3).

Card 4

Col. Name Format

1—20 ICEW(I) 415 Designate the mode/usage codes (see
1=1 ,4 COMMEL User ’s Manual ) for the message

type which are to be intercepted by DF
devices.

21-25 SFAC(1) F5.1 If Blue OF is used , set SFAC(1) equal to
the value of TWT (I,) (see cards 6—8) which
When exceeded by a OF target , will assign
highest artiller y target priority .

2b-30 SFAC(2) F5.1 If Red DF is ,.sed, set SFAC(2) equal
to the value of TWT (I ,) (see cards 6—8)
which , when exceeded by a DF target, will
assign highest artiller y target priority .

D-4
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Card 5

Col. Name Format

1—50 TFAC(I) 10F5.3 Multiplicativ e DF intelligence factors which
1 1 ,1O reduce DF intelligence wi th increasing

time since last radio message transmission
from a unit. TFAC(I) references a 10 minute
interval during which a target uni t last transmitted.
The interval for 1=1 is the most recent 10
minutes ; tte interval for 1=9 is between
80 and 90 minutes ago.

Card 6

Col . Name Format

1-bo TwT(1,I) 10F5.3 A weighting factor (>0) which ,
1=1 ,10 when added to 1, becomes a mul ti plier of

artillery target valu e for a unit of Type I on
which OF i ntelligence has provided 1
good fix. Note: The model weights
zero good fixes and one good fix equally.

Card 7

Col. Name Format

1—50 TWT(2,I) 10F5.3 Anal ogous to TWI (1 ,1) of card 6
1=1 ,10 except that T W T ( 2 ,I )  app l ies to

target units with 2 good fixes.

D-5 
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Card 8

Col . Name Format

1—50 TWT(3,I) 105.3 Analogous to NT(l,I) of card 6
1=1 ,10 except that TWT(-3,I) app lies to

target units with 3 good fixes

Card 9

Col . Name Format

1 Ii “4”

9-20 SEED 012 Random number seed (must to both
odd and octal).

21—30 AVGJAM F1U.U Mean of probability of an eligible
arc being jammed.

31—40 STDJAM F1O.O Standard deviation of probability
of an eligib le arc being jammed.

41-43 ~JANDL’, 13 Delay time after a unit is pl aced
unti l an elig ible arc can be jammed

44-46 13 Number of arc ypes to be jammed.

47-76 1013 Types of arc that can be jammed.

Card 10

Col . Name Format

1 Ii “5”

5-8 MPSTRT 14 Time (in minutes) map plots begin.

19-22 MPINCR 14 Time (in minutes ) between map plots.

0-6
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Card 11

Col . Name Format

1 11 “9”

D-7
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