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ABSTRACT

Troo TETAM Model Veritication study is reported in three
volume« describing the validation of three high resolution
combat simulation models (DYNTACS, ITUA, and CARMONETTE) using
field data collected by US Army Combat Developments Experimenta-
tion (ommand during [xperiment 11.8. Volumes I and Il contain
do intervisibility study describing the abiltities of the DYNTACS,
IUA, and CARMONLTTE terrain processors to predict line-of-sight
occurrences between tanks and antitank missile positions.
Volume [II contains a validation study of the engagement processors
ot LVNTACS and TUA. The rosults from the simulation models in
terms of firings, engagements, and losses between tank and antitank
as coinpared with the field data collected during the free play
battices of Field Experiment 11.8 are found in Volume I1I.
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EXLCUTIVE SUMMARY

1. INTRODUCTION. The Tactical Effectiveness Testing of Antitank Missiles
(TETAM) progran, originated in December 1970 by Department of Defense
Proaram Budaet Decision 464, consists of three major elements: a field
experiment conducted by Combat Developments Experimentation Command in
1972-73, a detailed evaluation of the effectiveness of US antitank missile
weapons based primarily upon data collected during that field experiment,
and an evaluation of the predictive abilities cf three of the Army's high
resolution simulation models of tank-antitank warfare usina the results of
the field experiment as a baseline. Progress on this third major element of
the TETAM program, the Mode! Verification Study, is the subject of this

report.

2. PURPOSE:‘XThe purpose of the Model Verification Study is to determine
the ability of the DYNTACS, CARMONETTE, and Individual Unit Action (IUA)

high resolution combat simulations to:

~>(§) 2 Predict the outcomes of selected tank-antitank battles conducted
during the CDEC Experiment 11.8,

- Qh):lRepresent the major battlefield activities leading to these outcomes,

3. SEQUENTIAL STUDY. ' Each of the three models is designed to simulate
tank-antitank battles by playing the fundamental activities of partici-
pating personnel and weapon systems within the battlefield environment.
These fundamental activities include the search for, detection, recognition,
and identification of targets on the battlefield; the loadin3y, laying, and
firina of antitank weapons; and the process of quiding antitank missiles
onto their intended targets. lumes 1 and 11 of this study report the
early inconsistencies betwee el and field results found in the TETAM
effort and the steps taken in\DYNTACS and IUA to achieve a representation
of intervisibility between potential targets and firers sufficient to
support investioation of other model aspects.

4. OBJECTIVES. Specific objectives of the TETAM Model Verification Study
were:

a. Determine the ability of each model to portray the outcome of
Experiment 11.8 tank-antitank battles.

b. Determine the dearee of correlation bhetween Experiment 11.8 and
each model in portraying the following aspects of tank-antitank battles:

(1) Attacker-defender intervisibility.
(2) Movement of attackina forces.

(3) Target acquisition.

iX



(4) Target handoff.

(5) Target assignment,

(6) Target engagement/kill,
(7) Combat intelligence.
(8) Communications.

c. ldentify the major underlying assumptions relevant to tank-
antitank battles for each nodel, .

d. Identify and, where possible, prioritize needed modifications
and improvements for each model.

5. CONCEPT. A threefold approach to model verification was followed:

a. Detailed comparisons of model results and field experiment out-
comes were made for two trials of the field experiment. The original
concept for model verification was based on the assumption that several
field trials could be viewed as replications of the same battle. Review
of the experiment, however, failed to identify sets of trials that could
be considered replications,

b. A survey of the field trial results identified certain behavioral
or operational tendencies reproduced in most field trials. These tenden-
cies were compared to the basic model assumptions to shed further light
on model validity.

¢. Certain model aspects were known to the study team to be suspect.
These aspects were subjected to judgmental evaluation.

6. DETAILED MODEL COMPARISONS. Detailed model comparisons were carried
out for two of the Experiment 11.8 trials. The trials selected for com-
parison provided different situations but were typified by good maneuver
control of attacking elements.

a. Trial 34 was a rapid advance trial on a medium front in which the
attacking tanks stressed maintenance of movement and did not fire. Cover-
ing fire was provided by overwatching attacker ATGMs at a limited level.
This trial was close to being a one-sided battle, with attacking tanks
presenting a passive mobile target array.

b. Trial 96 was a fire and movement attack that was well executed by
the attacking weapons that did not become disoriented upon initial contact -
with defender fire. Attackers in this trial maintained a cohesive attack,
providing a good sample of a dynamic two-sided battle,

c. For each trial, the models were set up and run to reproduce the
movement patterns of the field trials. Movement for both models was con-
strained to the field patterns in a much more restrictive sense than would



be appropriate in typical model applications. Consequently, the ability
to compare model and field movements was intentionally sacrificed to ailow
a controlled comparison of the detect.on, intervisibility, and firing pro-
cesses. The model hit and kill routines were not tested in the compari-
son. The algorithms used in the field experiment to determine hits and
kills were also used in the models,

d. Comparisons of the nodel and field results were made for each
trial on two levels, First, the gross battle outcomes in termms of force
kills were compared; then, an extensive comparison of individual weapon
activity in terms of shots fired, engagements, and kills was also con-
ducted between field and model results. The comparisons were hased on
10 model replications,

e. In addition to the 10 base case replications, model excursion sets
were produced to investigate the impact of specific model or data changes
on cesults. Definition of the excursions was based on differences between
the base case runs and field results.

7. ADDITIONAL MODEL CONSIDERATIONS. In addition to the detailed compari-
sons, various model shortcomings are discussed in this report. Identifi-
cation of these shortcomings was based not only on CACDA analyst famili-
arity with the models and knowledge of general tendencies observed in the
field that were contradicted by the models but also on apparent model
inconsistencies.

8. FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS.

a. DYNTACS, The DYNTACS model produced a credible portrayal of the
Experiment 11.8 battles both in terms of overall battle outcome and in
the general progression of battles. Major weaknesses, however, were
detected in the intelligence module and in the event sequencing logic of
DYNTACS. Weaknesses of a secondary nature were noted in the movement and
fire control mocules. Improvements to overcome these weaknesses were
identified and prioritized.

b. IUA. The IUA model produced battle outcomes consistent with
Experiment 11.8 but depicted dynanic battle development different from
that seen in the field. It was concluded that IUA would be appropriate
for gross firepower comparisons but would be unsatisfactory for more
detailed investigations. primarily due to a sterile treatment of tactics
and numerous improper assumptions, most of which are unavoidable with the
current model structure. Additionally, numerous logical errors or short-
cuts were found throughout the model and particularly in the detection
module. It was determined that the most serious shortcomings of IUA
could only be overcome with total redesign. Certain modifications are
recommended, but these are of a limited nature and would not relieve the
lim;tation of IUA's applicability to that of a gross firepower comparison
tool,

X



CHAPTER 1
LWTRODUCT ION

1-1. BACKGROUND. The Tactical Effectiveness Testing of Antitank Missiles
(TETAM) program was originated in December 1970 by Department of Defense
Program Budget Decision 464. As originally defined, the program con-
tained two major elements. Field Experiment 11.8 was conducted by the
Combat Developments Experimentation Command (CDEC) in 1972-73 (reference
1). A detailed evaluation of the effectiveness of US antitank missile
weapons based primarily upon data collected during Experiment 11.8 was
conducted by the US Army Combined Arms Combat Developments Activity
(CACDA) in 1973-74 (reference 2). In 1972, Department of the Army added

a tnird major element to the TLTAM program, that of evaluating the pre-
dictive ability of three of the Army's frequently used high resolution
simulation models of tank-antitank warfare, using the results of Experi-
ment 11.8 as a basis for evaluation. The resulting Model Verification
Study was conducted by CACDA over the period October 1973 to October 1975.

1-2. OVERVIEW OF THE MODEL VERIFICATION STUDY.

a. Purpose and Objectives. The purpose of the Model Verification
Study is to determine the ability of the DYNTACS, CARMONETTE, and
Individual Unit Action (IUA) high resolution combat simulations to
portray the outcomes of selected tank-antitank battles as carried out
during CDEC Experiment 11.8 and to represent the major battlefield
activities and processes leading to these outcomes. The specific objec-

tives are:

(1) Determine the ability of each model to portray the outcome
of Experiment 11.8 tank-antitank battles.

(2) Determine the degree of correlation between Experiment 11.8
and each model in portraying the following aspects of tank-antitank
battles:

(a) Attacker-defender intervisibility.
(b) Movement of attacking forces.

(c) Target acquisition.

(d) Target handoff.

(e) Target assignment.

(f) Target engagement/kill.
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(g, Combat intelligence.

(h) Communications.

(i) Supporting fires.
NOTE: The list of battle aspects to be considered varied during the
course of the study. A1l items shown were identified as candidates

for comparisons at one time or another during the study.

(3) Identify the major underlying assumptions relevant to tank-
antitank battles for each model.

(4) Identify and, where possible, prioritize needed modifications
and improvements for each model.

b. Historical Narrative.

(1) Preliminary stages.

(a) Planning. Responsibility for accomplishing the Model
Verification Study was initially assigned to the Systems Analysis Group
(SAG) of the US Army Combat Developments Command. SAG had formulated a
general approach to the model verification work by March 1973. At that
time, as part of the 1973 reorganization of the US Army, responsibility
for the study was transferred to CACDA. CACDA expanded this general
approach into a specific concept for model verification, which was pre-
sented to the TETAM Senior Officer In-Process Review on 20 June 1973
(reference 3). This plan called for a sequential approach to model
verification to begin with verification of each model's representation of
intervisibility, fcllowed by analysis of each model's play of detection
and, finally, by an investigation of the weapon interactions in dynamic,
force-cn-force engagements. This approach followed the same general
sequence established within the three major phases of CDEC Experiment
11.8. As illustrated in figure 1-1, each step was to involve a comparison
of model and field results, determination of sources of observed differ-
ences, and corrective actions necessary to continue the process.

(b) Preparation. Of the three models to be evaluated, one
(IUA) was the responsibility of CACDA from the outset of the study.
Responsibility for a second model (DYNTACS) was transferred from SAG to
CACDA in July 1973. This transfer did not include the transfer of
personnel familiar with the model, and a program of formal training on
the setup and operation of DYNTACS was conducted for CACDA programers
and analysts in November and December 1973 (reference 4). US Army Con-
cepts Analysis Agency (CAA) agreed to operate the third model (CARMONETTE)

1-2
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in support of the model verification work. By mid-danuary 1974, all

threc models were being operated in support of the model verification
objectives. Detailed intervisibility data collected in the execution
of Lxperiment 11.8 were obtained from CDEC during the last quarter of
1973 and were in a form suitable for the comparisons in January 1974,

(2) Original intervisibility comparisons. The original compari-
sons of intervisil.ility data produced by the three models with the Ex-
perinent 11.8 intervisibility data were conducted during the period
January through May 1974, with an interim report being published in June
13974. The original comparisons were conducted to determine whether the
models portrayed intervisibility levels and patterns consistent with
those observed in Experiment 11.8. It was anticipated that the level of
disagreement between model and field results would be relatively minor
and that work could progress into investigations of model representation
cof detection and battle free play with minimal model adjustments. Con-
trary to expectations, model results were found to be in serious disagree-
ment with the intervisibility data collected during Experiment 11.8. The
original comparisons are contained in volume I of this study report
(reference 5).

(3) Approach revision. The extreme disagreement between nodel
and Experiment 11.8 realizations of intervisibility dictated that further
project resources be expended to clarify the causes of this disagreement
and to attempt to improve model representation of intervisibility. The
study approach was revised to permit continued intervisibility work and,
concurrently, to begin the necessary model preparation and field experi-
ment review for the free play comparisons. The study phase dealing with
detection as an isolated process was estimated to require a resource
increment approximately equal to that already expended on the intervisi-
bility comparisons and was not amenable to initiation until the inter-
visibility situation had been resolved. Lacking such resources, the
detection study phase was dropped from the approach. The revised approach
was ipproved by the Model Verification Study Project Review Board on 15
October 13974. In the interim, the CAA commitment to operate CARMONETTE
in support of the study had expired, and the follow-on work was limited
to tne DYITACS and IUA models.

(4) Follow-on intervisibility comparisons. The second series of
intervisibility comparisons was conducted over the period October 1974 to
July 1975, with some preliminary excursions being attempted in August and
Septenber 1974. This effort included a critical review of the field
experinent as well as significant revisions to the DYNTACS and IUA repre-
sentations of intervisibility. Additionally, a terrain representation
model, which involved a significantly higher level of resolution than
that found in the combat simulations, was investigated. This fourth model
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is a product of the Corps of Engineers Waterways Experiment Station (WES)
and was operated by WLS in support of the study. The follow-on inter-
visibility work resulted in representations of intervisibility within
DYNTACS and IUA that were in sufficient agreement with the Experiment
11.8 data to allow the study to progress into the dynamic battle com-
parisons. This work is reported in volume Il of this study report (ref-
erence 6).

(5) Dynamic battle crmparisons. The comparisons of dynamic
force-on-force battles as re,resented in IUA and DYNTACS and as carried
out in Experiment 11.8 were conducted during the period November 1974
to September 1975. A significant portion ¢of this effort involved an
extensive review of the experimental procedures and data. This review
was required to develop a detailed appreciation of what took place in the
free play trials of Experiment 11.8. This review and a comparison of
model and field results for selected battles, as well as a critical
review of model aspects for which no comparison data from Cxperiment 11.8
were available, constitute the dynamic battle, or free play, portion of
the Model Verification Study and are reported in this volume of the study
report.

1-3. PURPOSE AND SCOPE OF RLEPORT. In this volume, comparisons are made
between the results attained with DYITACS and IUA and the results of
selected trials of CDEC Experiment 11.8, Phase III. Additionally, a brief
critical review of selected model aspects is presented, and needed model
improvements are identified. This investigation of model performance

was limited to interactions between opposing tanks and ground antitank
weapons used in Experiment 11.8; model representation of other systems,
such as indirect fire wecapons or aerial platforms, was not considered.

1-4. OVERVIEW AND REPCRT ORGANIZATION.

a. Requirement. Detailed combat simulations, such as DYNTACS and IUA,
became possible with the introduction of modern electronic computers;

and the first operational models of this type appeared in the late 1950s.
Although the Army has used niodels of this type since their inception,
primarily in a weapons system evaluation context, the credibility and
validity of such models has remained an open issue. Attempts at model
validation have been limited to comparisons among models, primarily

because a combat experience basis of comparison, with sufficient detailed
information to insure that the models portray the actual conditions, has

not been available. CDEC Experiment 11.8 provided a potential for im-
proving that situation, a large amount of detailed information was collected
under conditions having an aura of dynamic combat made possible by the
assessnent of losses in near real time. Thus, the TETAM Model Verification
Study addresses the long-standing issue of model validity using a basis of
comparison that is potentially more useful than those previously available.
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L. Approach. The approach taken to model verification followed three
lines of inquiry: detailed comparison of model and experimental results
for selected field experiment trials, review of model performance in
light of certain operational tendencies generally observed in the field
experiment, and a critical review of selected model features for which
no comparison with field results was practical. These approaches are
presented in chapter 2. Most of the study effort was expended in the
first approach, detailed comparisons of selected trials, and this work
required a detailed review of the individual field experinent trials,
which is contained in appendix D.

c. Detailed Trial Comparisons. Detailed comparisons of model and
field results are contained in chapter 3 for the DYNTACS model and in
chapter 5 for IUA. These comparisons center on the overall trial outcomes
and on the patterns of individual weapons firings and engagements as
recorded in the field and extracted from model runs. The elementary
supporting data, a time-phased record of each firing and its result from
the field and from each model replication, are contained in appendix E.
Detailed comparisons are limited to two trials, and their major restric-
tion is a lack of replication from the field trial and the resultant
inability to qauge the variability of observed results.

d. Additional Model Considerations. The reviews of model operation
in light of general field tendencies and the critical model reviews are
contained in chapter 4 for the DYWTACS model and chapter 6 for IUA.

e. Findings, Conclusions, and Recommendations. Findings, -onclusions,
and recommendations are contained in chapter 7.
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CHAPTER 2
APPROACH TO MODEL VERIFICATION

2-1. GENERAL. The TETAM field experiment provided more detailed data
on weapon interactions in dynamic situations with a greater aura of
realism than had been available previously for model validation. The
availability of this unique data base called for development of a model
verification approach that took full advantage of the data.

2-2. TETAM VALIDATION APPROACH.

a. Nature of the Experiment. Experiment 11.8 represents a middle
ground between computer simulations and real world battles. Since the
experiment involved real soldiers operating real hardware, it had an
aura of realism that could not be attained within a computer. Obviously,
many artificialities had to be introduced into the field equipment to
refresent casualties and destruction of equipment. Thus, the field
experiment was actually another representation or simulation of real
combat; and the assumption is made that by virtue of its use of real
people and hardware, it is closer to the real world than a computer
model that does not use real people or hardware. When the Field Experi-
ment 11.8 data were viewed in this light, it was apparent that the TETAM
verification effort should take the form of a model comparison study,
with the field experiment being used as the basis of comparison, that

is, as the model assumed to be more nearly valid.

b. Restrictions to the Approach. Two major restrictions were
encountered in attempting to conduct the model verification as a model
comparison study, using the field experiment as a basis of comparison.

(1) First, the various field experiment trials did not provide
a well-defined set of parametric variations necessary to sensitivity
testing in a model comparison.

(2) The second major restriction was a lack of replication in
the field experiment.

(a) Over 30 field battles were conducted using various
defensive and threat tactics during Phase III of the field experiment.
An analysis was performed to determine which trials were replications
of a particular battle situation. It was believed that after a repli-
cation set had been identified, the variability of the field results
could be estimated for comparison with the variability of model results.
The following criteria were used to classify two or more trials as
replications of the same battle:

1. Defender positions in replicated trials should be
the same, or they should at least have the same general characteristics,
such as elevation and fields of view.
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2. Attackers in replicated trials should perform the
saie tactic (i.e., either fire and move or rapid approach), use the same
approach routes, and be organized in generally the same nmanner, parti-
cularly for ATGM einployment.

(b) An extensive analysis of the defensive positions using
naps and aerial photographs showed that none of the trials for which
usabie data existed were replications of the same battle situation. .

(c) Another analysis was conducted on threat tactics by
plotting the movement of each aitacker vehicle. The plots indicated
that for most of the trials the attacker tactics were abandoned. Comnments .
made by participants in the trials indicated that the tactics were
abandoned because the attackers became disoriented when taken under
effective ATM fire.

(d) Consequently, it was impossible to identify trials that
were replications of the same battle situation; and the inherent
variability of the field results could not be established. This finding
led to a view of the experimental data as being composed of many unique
observations (trials) from a relatively large numoer of different situa-
tions rather than several observations from a relatively small set of
well-defined situations, as had originally been expected. As a result
it was necessary to select field trials that appeared most useful in terms
of model verification and to restrict the use of statistical techniques
in the comparison.

c. Diversification of Approach. A three-part approach to model
verification was followed. First, detailed comparisons of model results
and field experiment outcomes were made for selected trials of the field
experiment. Second, general tendencies of the field experiment were
noted, and model assumptions and treatment of combat processes were re-
viewed in light of these tendencies. Third, the models were subjected
to critical review, which resulted in identification of model design
aspects that lead to intuitively unacceptable or unrealistic treatments
of combat.

(1) Comparisons with individual field trials. Of the three
general methods selected for model evaluation, the most promising was
direct comparison between model and field trial results generated from
the same scenario. This procedure would provide detailed, quantitative .
comparisons between model and field response data. In appiication this
procedure proved to be weak, primarily because of the lack of replica-
tion among the various field trials. As discussed in paragraph 2-2b
above, an in-depth examination of the sets of field trials that CDEC
referred to as treatment combinations revealed major differences between
the trials within a given set; that is, no two trials within any given
set were similar in all important respects. Major differences were
observed from trial to trial in the defensive coverage obtained by anti-
tank weapons, in the attackers' use of terrain, in the initial force
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sizes and mixes, in the degree of control over tactical execution, and

in terms of the actual movement or firing tactics implemented. it was
concluded that replication did not exist in the field trials in any
meaningful sense. Thus, the direct and detailed comparisons originally
envisioned came to involve comparing one field trial realization to a

set of model replications of the same scenario. Without replication of
the field trials this analysis provided only gross indications of whether
model and field results could be considered similar.

(2) Analysis of general tendencies. The second procedure used
in model evaluation was straightforward. It involved identification of
the principal tendencies of the TETAM field trials of value in nodel
evaluation. These tendencies were studied in light of nodel assumptions
and how the models behaved under certain circumstances. These compari-
sors identified a number of questicnable areas within each model.

(3) Identification of model areas of concern. The final pro-
cedure used in model evaluation was also straightforward. It involved
being alert for suspicious areas encountered with wodel logic or modeling
procedures. As these areas were identified, they were recorded and
subsequently evaluated judgmentally.

2-3. INTRODUCTION TO DETAILED COMPARISONS.

a. Scenarios for Model Input.

(1) Two trials, 34 and 96, were selected for modeling.

(a) Trial 34. Trial 34 was a well execvced rapid approach
tactic across a medium front against a deliberate defense. The control
of the maneuver of the various elements of the attacking force was good
enough to warrant the selection of this trial as a "shakedown" of the
model setup procedures.

(b) Trial 96. Trial 96 was a fire and movement tactic on
Site A conducted against a deliberate defense. The attack was well
executed and was relatively rapid across areas where the attackers were
often killed in other trials. As a result, the attack did not degener-
ate into individual unit actions as occurred in most other trials.

(2) Because of the large input requirements of the models,
several different means were used for describing the scenarios of the
trials. An analysis of the area of operations was developed to describe
both the terrain and the possible courses of action used to conduct the
attacks. An analysis of defensive positions was developed to describe
each of the positions used during subphases 11IB and IIIE and to provide
some indication of defender capabilities and vulnerabilities from each
position. Neither of these documents describes the exact setup for any
particular experiment. These specifications generally were developed
from the recollections of two Army officers who were data controllers at
CDEC at the time, and they provide a general overall estimate of the
situation.
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The detailed description of the trials was provided in operations

orders, wherein the organization of the «ttackers and defenders including
platoon and company organizations, axes of advance, and so on were docu-
nented. One operations order was developed ta describe the actions of
each force for each trial. In addition to these operations orders,
general comments recorded by the controllers who observed the trials as
they were executed were included. An overall description of the trial
from start to finish on a minute-by-minute bLasis was also given. Finally,
both tiie attacker routes and the attacker and defender firings were
plotted on 1:25,000 map sheet, included with the operations orders.

These trial description data are contained in appendix [.

¢c. Model Preparation for Detailed Cowparisuns. Three general areas
were involved in preparing for detailed comparisons: identification of
no-test areas for which meaningful comparison would be impossible, model
logic modifications, and development of detailed odel input data.

(1) Test areas. As preparations for the detailed comparisons
progressed, it becane obvious that the number of aspects of tank-
antitank battles for which meaningful comparisons could be made was
severely limited. The aspects identified as desirable for comparison
are discussed below in terms of whether they could be developed as test
areas for consideration in detailed comparisons, partial test areas,
or no-test areas. This cateyorization refers only to the detailed
comparisons. Inability to make a detailed comparison does not imply
that it was impossible to reach a conclusion on a given aspect in terms
of general field trial indications or a critical model review.

(a) General outcome. The general outcomes of field trials
were considered amenable to comparison with nodel results in terms of
overall battle losses.

(b) Attacker-defender intervisibility. Intervisibility
was a partial test area to the extent that engagenents in the field
inplied the existence of intervisibility. Since intervisibility was
the subject of earlier stages of the TETAM Model Verification Study, the
free play stage allowed a check on th2 apprupriateness of model changes
that were indicated in the earlier study phases.

(c) Movement of attackiny forces. Attacker movement was
considered a no-test area for the detailed comparisons. The potential
items for comparison would have been general 'outes ard movement rates
of units, specific routes and rates of individual veh cles, and, by
implication, tactical formations naintained by units.

1. For the iUA model, unit routes are input, and indi-
vidual vehicle speed is limited by vehicle and terrain characteristics.
There is no meaningful unit formation concept within the model, with
unit speed being the same as individual vehicle speeds and individual
routes not being meaningfully discriminated from the input unit routes.
Thus, there is little of substance in IUA upon which comparisons of
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attacker movement could be based. Since i1t was obvious on review of Lhe
field experiment that movement rates in the field were not expiained by
vehicle and terrain limitations, IUA was forced to move its units at the
saie average speed observed in the field by adjusting terrain and vehicle
capability data along the movement paths. Thus, the comparison of move-
ment rates was intentionally sacrificed. Giving up this comparison
allowed the study team to force [UA to track the field in its time and
space relation, thus facilitating comparisons of the engagement process.

2. In the DYNTACS model, unit movement routes, unit
speed, and formations are required input data; and individual routes
and speeds derive through an assumption of strict adherence to the
geometric patterns of input formations. Thus, to attain a comparable
time and space relation and facilitate comparisons of the engayement
process, direct movement comparisons were not attempted. Rather, data
were developed based on review of detailed field results to force model
elements to move generally as movement had taken place in the field.

(d) Target acquisition. Target acquisition was an area for
comparison, with the constraint that detections in the field had been
recorded only when they led to target engagement. Thus, the direct
comparisons could only deal with acquisition in the sense that acquisi-
tion is implicit in engagement.

(e) Target handoff. The models do not treat target handoff
explicitly, nor did handoffs appear to be effective in the field. There-
fore, target handoff was considered a no-test area.

(f) Tamget assignuent. The models deal with target
selection by an individual weapon on the basis of input rules. Review
of the field experiment indicated a lack of specific engagement rules
provided to the participants, leading to the conclusion that the indi-
viduals selected targets based on individual (but never expiicitly
defined) rules. In both the model and the experiment, therefore, indi-
vidual target selection occurred with little apparent coordination,
rather than actual target assignment. A reasonable comparison thus was
considered possible.

(g) Target engayement/kill. Given target selection,
comparisons of target engagement in terms of times were considuered
practical. Target kills, however, were an experinental artificiality,
and this was deemed a no-test area. The saime algorithm and input data
used in the field to determine target kills given a shot were incor-
porated into the models in an attempt to avoid spurious differences.

(h) Combat intelligence. No meaningful compariczis of
combat intelligence, apart from the acquisition aspect, could be devised,
and this was considered a no-test area.

(i) Communicetions. MNo meaningful data to support detaiied
comparisons were available from the field.
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(3) Supporting fires. o meaningful data were availabie
from the field.

(2) Model nmodifications. Model logyic changes were made to
facilitate the detailed comparisons. Changes were made either as
corrections to the model logic intended to be permanent changes or as
temporary changes to avoid spurious differences between model and field
results.

(a) DYNTACS changes.

1. The DYNTACS intervisibility algorithm was changed.
The intervisibility portion of the TLTAM Model Verification Study indi-
cated that portrayal of intervisibility, at least for the HLMR sites,
was improved with a stochastic treatment of vegetation, and this change
was incorporated into the DYNTACS model for free play comparisons. Such
modification should be maintained for future DYNTACS applications.

2. The same algorithm used in the field experiment to
determine the results of a firing was incorporated into the DYNTACS
model for the free play comparisons. Since this area was treated
| artificially in the field experiment, the experiment offers no information
to compare with results of the original DYNTACS algorithm in any meaning-
ful sense. Thus, the modification is tenporary and was made in an
attempt to avoid spurious differences.

3. The movement logic in DYNTACS was revised to permit
a more continuous representation of the motion of maneuver unit leaders.
The original logic forced these elements to remain motionless for
unpredictable amounts of time along their movement trace due to the
model's event sequencing logic, which used an arbitrary time for the
length of movement events. (The time is an input value, which typically
has been set to 30 seconds for DYNTACS applications.) When maneuver unit
f lead elements reached certain points along the routes, selected within
: the model logic, the element hesitated at those points for the remaining
duration of a movement event. Since these points have no clear tactical
significance, the halts in movement were not meaningful. Logic was changed
to aliow a movement event to end when the element reached such a point,
making motion more continuous.

4. A minor coding correction was made in the movement
controller to make treatment of phase lines consistent with model
; documentation.

(b) Changes to IUA.
1. The line-of-sight processor was changed to process
an expanded terrain data base. The original version of IUA allowed a

maximum of 1,000 triangles to be used in describing the terrain. This
maximuin was increased to 2,500 triangles.
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¢. The origingl ILA nwdel calculated line of sight between
points on an attachker route and the route objective point. The calcuiated
line-of-sight condition was dssumed to exist between alil attackers at tne
route point and all defenders located at the route objective point. During
the intervisibility phase of the model validation effort, it was found
that this approximation was not of sufficient resolution to produce line-
of-sight conditions existing at each of the defender lucations. C(onse-
quently, model logic was changed to calculate line-of-sight Letween
individual defender positions and the attacker route points. This chanye
should be maintained in future model applications.

3. The IUA damage assesswent routine not used during
the wodel validation runs. It was tewporarily replaced with code
representing the same wethods of damage assessment used by the CDEC com-
puter during the field trial.

(3) ULata preparation. The primary consideration was to
describe conditions within the model tu reflect as closely as possible
the conditions that existed in the field. Tlor example, data were
developed to force the wovements of individuai weapons in the wodels to
reflect the routes and speeds actually followed in the field, to the
extent that such information regarding the field trials was available
and control of wodel novement was possible. The information available
from the field is discussed in appendix U, and development of nodel
input data is reviewed in appendix A.

¢-4. SUMMARY. The TLTAM field experinent provided a body of empirical
inforation with an aura of realism and in a detail generally not
available for model validation efforts. The approach to model verifi-
cation using this unique basis of comparison developed along three
Tines. First, detailed comparisons of model results and the outcomes
of selected field trials were completed. As detailed review of the
field experiment progressed, a lack of replication became apparent and
it became necessary to restrict the extent of detailed comparisons in
light of this characteristic of the basis of comparison. As a result,
detailed comparisons were linitea to two field trials, and these con-
parisons were limited to review of the target engagenen. process and
overall outcomes. Major aspects of the acticn, such as attacker move-
nent, were identified as no-test areas for the detailed comparisons.
The second line of investigation involved the identification of certain
apparent tendencies within the field trials and a discussion of model
capabilities in view of these apparent tendencies. Finally, the models
were subjected to critical review to identify weak areas nct necessarily
relatable to the field experiment.
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CHAPTER 3
DETAILED DYNTACS COMPARISONS
3-1.  INTROCLCTION.

a. This chapter contains the detailed comparisons of DYNTACS and
field experiment results for the situations established ir COEC Experiment
11.8 Trials 34 and 96. These trials are two of the better-controlled
experiments for which data are available, and thry represent the two
modes of attacker tactics used in Experiment 1l... During Trial 34
attackers executed a rapid approach tactic, and in Trial 96 they used a
fire and movement tactic.

b. Model runs were made under the constrained conditions discussed
in chapter 2. Biefly, these constraints involved development of the
model input data to cause attacking elements in the model to follow move-
ment traces observed in (or projected from) the field experiment data, to
cause attacking elements to move on these traces at rates observed in the
field, and, insofar as possihle, to apply the same fire controi policies
apparently in effect in the field. Additionally, the casualty assessment
algorithms and data used in the field execution of Experiment 11.8 were
used, replacing the assessment logic normally found in the model. Under
these constraints, model representations available for meaningful scrutiny
were limited to those involved in the target detection/acquisition/engage-
ment sequence.

c. The approach taken to these comparisons derives from an inability
to identify sets of field experiment trials that were replications of the
same basic situation. Each field trial is viewed as one potential out-
come of the unique situation established in that trial, and this outcome
is compared to a set of 10 model replications produced by establishing
the came situation within the model. The comparisons are oriented to
exploring the following questions:

(1) Can the field outcome be viewed as a sample from the popula-
tion represented by the set of model replications?

(2) Where differences between model and field results are noted,
is there a logical explanation for the difference that leads to acceptance
of the model outcome?

(3) Where differences between model and field results are noted,
is there a logical expianation for the difference that points to 'a poten-
tial problem area in the model?

3-2 TRIAL 34 COMPARISONS.

a. Base Case. In th: following discussions, the initial comparisons
between model and field results are referred to as the base case. Com-
parisons made subsequent to model or input modifications are referred to
as mcdified cases.
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(1) Situation portrayed. Model input data were developed to
portray the general situation observed in the field experiment. The
attacking force of seven tanks, two ATGM, and two ICV advanced on a
single axis with the ICVs on the attacker's left, tanks spread across the
axis, and ATGMs taking up an overwatch position on the right. The
defending force was composed of two TOWs, one Shillelagh, and one DRAGON.
The players' interpretations of the rapid advance tactic, for this trial,
caused the tank crews to concentrate solely on rapid movement toward
the defensive area, resulting in only two tank gun firings throughout the
trial. Thus, the tanks and unarmed ICVs presented an essentially passive
target array in the field. To portray this condition, model input data
were used that prevented the tanks from firing until they were within a
few hundred meters of the defender positions. The attacking force task
organization, routes of advance, and formations were developed by review
of the field trial data (see appendix D). These same organizations,
routes, and formations were used in the model runs. Additionally, advance
rates used in the model were derived from the field data, causing the
model attack vehicles to move across the field and reach critical points,
particularly the ATGM overwatch position, with a phasing similar to that
noted in the field trial. Battles were stopped in the model when any
element of the attacking force reached the area of the trial termination
line used in the field.

(2) Battle outcomes. Table 3-1 contains the gross outcome of
each of 10 DYNTACS replications and the field trial in terms of surviving
force strengths. The Blue (defender) force in the field lost only the
Shillelagh. This result is well represented in the set of model outcomes.
In terms of residual Red (attacker) strength, the field results could be
viewed as a sample of the model outcomes with the exception of surviving
ICVs. Both ICVs generally were lost in the model, while both ICVs sur-
vived in the field trial. Although model and field results are not in
strong disagreement, the field outcome would be a relatively rare model
outcome, with the attacking force generally doing better in the field.

(3) Weapon activity. The basic firing data for all model runs
and for the Experiment 11.8 trial are contained in appendix E. A summary
of rounds fired, targets engaged, and kills by each defender weapon is
shown in table 3-2; and a summary of attack weapon activity is in table
3-3. Field experiment data include "unpaired" firings; that is, firings
that occurred in the field but for which the target was not known. Com-
parability of field and model results for each defender weapon and attacker
weapon type is discussed below.

(a) TOW 18. A comparison of firing patterns for field TOW
18 and the model is shown in figure 3-1. Impact points for rounds fired
by TOW 18 are shown for all 10 model replications (designated by +) and
for the four paired field firings (designated by o). Attacker advance
routes and weapons assigned to these routes are &1so shown in this figure.
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In the field, TOW 18 engaged one tank, scoring a kill with three rounds,
and fired one round at an ICV. One unpaired firing was also recorded
for TOW 18. The tank engaged by TOW 18 and all ICVs were on the extreme
left of the attacker formation, suggesting either limited intervisibility
from the TOW 18 position or fire control restrictions. In the model,
TOW 18 engaged and killed the leftmost attacker tank with one or two
rounds in 4 of the 10 replications. TOW 18 also engaged one or both of
the ICVs in 8 of the 10 replications, firing one or two rounds per ICV
engagement and scoring a kill on two-thirds of the engagements. In the
model, TOW 18 was clearly restricted to the extreme left of the attacker
formation by intervisibility. Assuming that the weapon was in fact con-
strained by intervisibility in the field, the model and field results
are consistent except for the apparent reluctance to continue firing at
the ICVs in the field.

(b) TOW 19. TOW 19 was the most active weapon in the field,
engaging five attacker tanks and scoring a first or second round kill on
four tanks. This weapon fired eight rounds, of which one was unpaired,
and is believed to have fired exclusively at tanks although the target of
the unpaired firing is unknown. Two of the attacking tanks killed by TOW
19 had been fired at by another defender weapon prior to the kill by TOW
19. In the model runs, TOW 19 typically engaged two or three attacking
tanks and one of the threat ICVs. This result was sufficient to make TOW
19 the most active weapon in the model runs but still left the weapon less
active in the model than in the field. The primary engagement areas for
the field TOW and model TOW 19 are shown in figure 3-2. The failure of
other weapons in the field to kill the targets is a partial explanation
of this difference. It is also possible that in engaging the ICVs that
were ignored in the field, the model TOW 19 may have missed opportunities
for tank detection and engagement.

(c) Shillelagh 20. The Shillelagh in the field had good
coverage of the avenue of approach used by the attackina force but was
relatively inactive. It fired two rounds at each of two tanks and scored
no kills. These four firings covered a time span of slightly over 6
minutes, after which the Shillelagh sustained a kill by one of the threat
ATGMs at about 12.5 minutes into the trial. The Shillelagh in the model
fired an average of 3.7 rounds, engaging an average of 2 targets and
scoring an average of 1.5 kills. The Shillelagh concentrated on tanks
in the model runs but also engaged an ICV or ATGM in 5 of the 10 replica-
tions. The model Shillelagh was killed by a threat ATGM 8 or 9 minutes
into the battle and was only active (period from first round fired by
Shillelagh to ki1l by ATGM) for 1 to 3 minutes. The early kill of the
model Shillelagh is reflected by its firing patterns in figure 3-3. The
model Shillelagh was killed after engaging tanks and ATGMs at a range of
2,200 to 2,900 meters while the field Shillelagh survived to engage a T62
at 1,400 and 800 meters.

3-7
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(d) DRAGON 24. In ihe field, DRAGON 24 fired a total of
four rounds at two tanks and scored no kills. The DRAGON was only active
for a period of 3 minutes. An interesting parallel is found in the model.
The DRAGON in the field fired its opening round at threat tank 9, 9
minutes into the trial, but lost acquisition during missile flight. In
the model, the DRAGON typically fired its opening round at the same
target 9.5 minutes into the trial and did not lose acquisition. 1In the
onc model replication where the DRAGON engaged tank 9 earlier, intervisi-
bility was lost during missile flight. The nodel DRAGON inevitably fired
its initial round at tank 9 if tank 9 survived long enough to reach the
DRAGON firing zone. In the field, tank 9 was killed by a different weapon
(TOW 19) shortly after the DRAGON's abortive opening round, and the DRAGON
shifted its attention (three shots) to a second tank. In the model, the
DRAGON tended to remain on tank 9, shifting to a second tank on only two
of the eight replications in which it initially engaged tank 9. The
initial and subsequent model firings against tank 9 may be noted in the
field/model shot patterns in fiqure 3-4. When the DRAGON did not engage
tank 9 (two replications) it did engage one other tank.

(e) ATGM. In the field, the threat ATGMs reached the area
of their overwatch position 8 to 9 wminutes into the trial but had some
problem finding satisfactory firing positions (three of the first four
ATGM rounds fired from this area were unpaired). After about 4 minutes
of what appears to be ineffective "shuffling" in the overwatch area, the
ATGMs engaged and killed the Shillelagh. In the nodel, the threat. ATGMs

reached the position at about the same time, promptly engaged the Shillelagh,

and inevitably scored a first or second round kill. Having disposed of
the Shillelagh, the ATGMs generally started off the overwatch position

and engaged the DRAGON at ranges of 1,200 to 1,500 meters. The firings

at the DRAGON generally were ineffective, with the number of rounds fired
depending on trial duration. On two replications, TOW 19 was also engaged
(at 1,000 meters).

(f) Tanks. In the field, tanks 8 and 10 each fired one
unpaired round. In the model, tank 8 killed TOW 1Y with one close-in
shiot (under 300 meters) in three replications. In the remaining replica-
tions, TOW 19 generally killed tank 8 with a close-in shot (under 500
meters). The interaction between these weapons corresponds in time and
position to the unpaired firing by tank 8 notea in the field and a single
round fired by TOW 19 with acquisition lost in missile flight.

(4) Discussion. The base case model and field results for Trial
34 are, on the whole, consistent. The following exceptions are note-
worthy.

(a) The unarmed ICVs were consistently engaged and killed in
the model, while they appear to have been ignored in the field. The field
players may have passed up shots at the ICVs in anticipation of more

3-10
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lucrative targets. This way be a4 souid target selection technique, but

its wisdom is questioned wher. the ICVu, winich would be carrying intantry
in the real world, are allowed Lo arrive unscathed within a few hundred

meters of the defender positions, as occurred in the field trial.

(b) TOW 19 was less active in the model than in the field.
This result is partially explained by the fact that the other weapons,
particularly the Shillelagh, were ineffective in the tield, thus leaving
more slack for TOW 19 to pick up than was apparent in the model. It is
also possible that by engaging the [CVs the model TOW 1Y missed some
opportunities to detect and engaye tanks.

(c) In the model, the Shillelagh had a much higher rate of
activity than was noted in the field (althouyh final levels of activity
are similar since the Shillelagh was killed much earlier in the model).
Since the Shillelagh position provides good coverage of atmost the entire
axis of attack, ample opportunity for more activity should have been
available in the field. The most plausible explanation for this disparity
lies in the note made by the CDLC observer in the field regarding this
weapon: "Poor gunner." It is assuned that a more proficient gunner would
have been more active.

(d) Personnel manning tie ATGMs in the field had obvious
problems in providing a base of fire from their overwatch positions. In
.2 model this action was accomplished with ease, resulting in consistent
tinely kills of the Shillelagh, which wouid have dominated the model
battle had it survived longer.

(5) Preliminary conclusions. With a single exception, coiparison
results support the model's capabiiity to represent the Trial 34 situation
in the field. The single discirepancy is the modei's apparent overstate-
ment of the ability of the attack ATGHs to establish effective fires
rapidly when moving into the overwatch posiltion. Tne otner discrepancies
between model and field results are wore logically expiained in terms of
the inept Shillelagh gunner in tne fieid and the tendancy of the players
to ignore the threat ICV as a tairget.

b. Modified Case.

(1) Basis of change. The possibility that, in engaging threat
ICVs, defender weapons were losing opportunities to engage threat tanks
was investicated. A set of DYNTACS runs was made in which the inpul data
placed no priority on the threat ICV as targets.

(2) Results. The basic outcome and weapon activity summaries
for this set of runs are contained in tables 3-4, 3-5, and 3-6.
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(3) Discussion. The result of the change was predictable. TOW
18, which could only engage on the extreme left of the attack formation,
engaged and killed the extreme left tank half the time, as it had done
in the base case. The DRAGON had not engaged ICVs in the base case,
and the change had no effect on its engagement of tanks. TOW 19 and
the Shillelagh, which had engaged ICVs in the base case, now engaged
tanks at an increased rate. The increased number of tank engagements by
an individual weapon was not significant, but the total effect--an in-
crease in the average number of tank engagements by the force from 5.8
to 7.5--may be significant.

3-3 TRIAL 96 COMPARISONS.
a. Base Case.

(1) Situation portrayed. Trial 96 involved an attacking force of
seven tanks, three ATGM, and three ICV organized into three balanced
platoons of two tanks, one ATGM, and one ICV each attacking on parallel
axes. The seventh tank, believed to be the company commander, accompanied
the middle platoon. The defensive mix contained two TOW, one Shillelagh,
and two DRAGONs. In ihe field experiment the battle developed along a
distinct pattern in time as depicted in figure 3-5.

73) The defensive force opened fire on the center platoon;
and, in the course of 2.5 minutes, one TOW and the Shillelagh killed the
three tanks and the ATGM with a total of four rounds. In this same span
of time, the three center tanks fired three rounds, one at the Shillelagh
and two unpaired. This activity is represented in figure 3-5 as Phase A
of the battle, which resulted in two defender weapons wiping out the
attacker's center platoon while all attackers were still beyond DRAGON
range.

(b) About halfway through the destruction of the center pla-
toon, the attacking platoon on the right opened fire. In a period of
slightiy over 5 minutes the two tanks fired a total of 15 rounds, all
unpaired, and the ATGM fired 5 rounds at the Shillelagh, finally scoring
a kill. This period of activity by the . .ght platoon is represented as
Phase B.

(c) Phase C, on the attacker's left, commenced about a minute
after the center platoon had been destroyed. In Phase C one of the left
tanks engaged and, after five rounds, killed one of the DRAGONS. This
tank was in turn killed by the surviving DRAGON at about 6 minutes after
the opening round. While this exchange was taking place, the threat ATGM
was fired upon twice by the Shillelagh, suffering a mobility kill, and
fired five rounds at the Shillelagh. Phase C ended when the ATGM on the
left ceased fire, its target (the Shillelagh) having been killed by the
ATGM on the right.
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(d) Phases B and C ended simultaneously, about 6.5 minutes
after the first round was fired, with the silencing of the Shillelagh.
At this point the attacker's center platoon had been destroyed, the left
platoon was reduced to one tank, and the right platoon was intact. Also
one DRAGON and the Shillelagh had been lost. An inactive period of about
2 minutes then occurred (actually, three unpaired firings by the remaining
tank on the left took place in this lull).

(e) Finally, in Phase D, the tanks in the right platoon es-
tabiished line of sight to and rapidly did away with the remaining DRAGON.
These tanks were in turn killed with two shots by the same TOW that had
initiated the battle. The second TOW never fired and was never fired
upon.

(f) The battle ended with one tank from the left platoon
and the ATGM from the right platoon surviving. The other ATGMs had
suffered mobility kills, and the ICVs had been ignored. The key to the
defender's ability to deal with the attacking force appears to have been
his early annihilation of the center platoon, which allowed the Red force
to be defeated in detail, and the survivability of the one active TOW,
which was never fired upon.

(2) Battle outcomes. The overall results of the ten DYNTACS
base case replications and the field trial are shown in table 3-7. The
following differences may be noted: both TOWs survived in the field, but
one TOW was killed in each DYNTACS replication and both TOWs were killed
in one replication; only one tank survived in the field, but two to four
tanks survived in the model replications; no ICVs were killed in the field,
but one or two ICVs were killed in each model replication. The first
two differences are related in that survival of the active TOW in the
field made the last twec tank kills (Phase D of fiqure 3-5) possible. The
tendency of players in the field to ignore ICVs as potential targets was

mentioned in discussion of Trial 34, and the tendency appears again in ——————""

Trial 96.

(3) Weapon activity. Summaries of rounds fired, targets engaged,
and kills by the defender and attacker weapons are contained in tables
3-8 and 3-9. These results are reviewed below.

(a) TOW 18. This weapon was inactive in the field. In the
model, this weapon had a low activity level, firing an average of one
round per replication. Intervisibility apparently limited this weapon's
activity. The weapon could find targets only in an area at about 2,200
to 2,400 meters from the TOW position or at the area of trial termination,
in both cases at the extreme left of the attack formation. Both of these
areas are shown in figure 3-6, which represents the impact points for
model firings. The long range engagements were each a single shot,
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occurring once in each of three model replications, indicating a brief
span of acquisition capability that could well have been missed by a
player in the field. Whether the occasional closing shots occurring in
the model were possible to the player in the field is unknown. It is
known that the field trial position for TOW 18 was generally masked from
the battle area, and this appears consistent with the model. It is
possible that by trial termination the field player had lost interest
and missed some closing shot opportunities.

(b) TOW 19. TOW 19 had two brief spans of activity in the
field. It opened the battle in Phase A (figure 3-5), killing two of
the center tanks with three rounds. After some 7 minutes of silence,
TOW 19 closed the battle in Phase D, killing the two right tanks with
two rounds. Model performance at the opening of the battle was similar,
with TOW 19 engaging the center tanks or ATGM and firing an average 2.8
rounds at 1.8 targets. Figure 3-7 shows a comparison of field and model
firings. This activity, however, constituted the total model battle for
TOW 19 since, in the model, this TOW was receiving heavy return fire within
a minute of firing its first round and was killed (in 9 of 10 replications)
within 2 minutes of firing its first round. Thus, the model TOW 19 never
survived long enough to fire the closing rounds noted in the field. With
the possible exception of two unpaired firings by center tanks in the
field, there is no evidence that TOW 19 was ever detected in the field.

(c) Shillelagh 21. In the field the Shillelagh opened fire
along with TOW 19 on the attacking center platoon and killed one tank and
the center ATGM (mobility kil1) with its first two rounds. It fired a
third round at one of the center tanks, which had already been killed,
and then shifted its attention to the attacker's left platoon, scoring a
mobility kill on that platoon's ATGM. Meanwhile tiie Shillelagh received
fire from the threat ATGMs in both the attacker's left and right platoons
and was finally killed after these ATGMs had each fired 5 rounds in a
span of 5 minutes. It will be noted from the shot patterns of figure 3-8
that in the model the Shillelagh either opencd fire with TOW 19 on the
center platoon or, in 4 of the 10 replications, fired a single round at
maximum range at the attacker's left platoon and then shifted fire to the
center platoon. (The opening shots at the left platoon represent a very
brief intervisibility "window," which probably was available in the field.)
The model Shillelagh's first shot to the center was generally at the ATGM
(7 of 10 replications) and within a minute of the TON's opening round, as
happened in the field. The Shillelagh continued to engage targets in the
center until they were destroyed and then, given it had survived, engaged
targets in the attacker's left platoon. Thus, the model sequence was
similar to that in the field. The level of activity was higher in the
model, with the differeuce attributable to the Shillelagh's consistent
tendency to fire upon the center ICV. (ICVs apparently were ignored in
the field.) Although the sequence and levels of action for the model are
considered comparable to those in the field (taking into account the ICV
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situation), timing is different. The major difference was inability of

the Shillelagh to find and engage the center tanks as rapidly as in the
field. Review of the model runs indicates that the model weapon had only
intermittent intervisibility to the tanks at the time the field weapon

was engaging tanks. This result may be due to the fact that, in the model,
these tanks took up firing positions to engage TOW 19 and to achieve
partial cover. At any rate the model Shillelagh took on the tanks too

late to help the TOW.

(d) DRAGONs. In the field, DRAGON 24 was killed without
firing a shot. The activity of DRAGON 23 was sporadic. It opened fire
at the center platoon, firing one round at an ICV (the only shot at an
ICV in the field) and one round at a previously killed tank. Three minutes
later it had killed DRAGON 24. After another 3 minutes, when the attack-
er's right platoon apparently established intervisibility, DRAGON 23
fired one round (at 426 meters) and was killed by return fire. Considering
this activity, DRAGON 23 apparently had opportunity to engage the center
platoon at aimost 1,000 meters on in, could have fired across the axis
to the attacker's left platoon at a range of 800 to 700 meters, and could
have engaged the right platoon as LOS became established at about 400+
meters. In the model, both DRAGONs were active to about the same level,
and their combined level of activity is comparable to that of the single
active DRAGON in the field. Figures 3-9 and 3-10 show impact points for
firings by model DRAGONs 23 and 24. The model DRAGONs engaged the attacker
center and left platoons. Engagements generally were at a shorter range
(by 100 to 200 meters) than those of the field although an occasional shot
was fired at the ranges noted in the field. This result indicates that
intervisibility in the model was highly intermittent, allowing a few chance
detections and shots at the engagement ranges seen in the field, but that
intervisibility opened up about 200 meters further along the attack axis.

(e) Threat ATGM. The center ATGM in the field suffered an
early mobility kill and was inactive thereafter. The left and right ATGMs
each fired five rounds at the Shillelagh. Once the Shillelagh was killed
the left ATGM, which had sustained a mobility kill, probably could find
no more targets and was inactive. The right ATGM was also inactive for
the final 6 minutes of the trial, after killing the Shillelagh. In the
model the overall level of ATGM activity was similar, with an average of
two engagements by the ATGMs per trial. The average number of ATGM firings
per model trial was only 4.7, considerably lower than the 10 rounds fired
in the field; however, the sequence noted in the field of 10 rounds to
kill a single target would rarely occur. In the model the left and center
ATGMs generally were active while the right ATGM engaged (and killed) the
Shillelagh in only one replication. When it survived long enough to
engage and fire (6 of 10 replications), the center ATGM engaged TOW 19
or the Shillelagh. This weapon engaged and killed the TOW on four repli-
cations. It also engaged the Shillelagh in three replications but never
scored a kill. The ATGM in the left platoon was the most active, engaging
the Shillelagh in half of the replications and engaging one or both of
tne DRAGONs in half of the replications.
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(f) Threat tanks. With the exception of one early shot at
the Shillelagh, paired tank firings in the field were limited to seven
rounds fired by two tanks, each of which killed a DRAGON. Additionally,
there were 21 unpaired firings by five of the tanks. The large number
of unpaired firings clouds any comparisons. (This level of unpaired
firings was by no means exceptional in Experiment 11.8.) Every tank in
the threat force, except the one killed with the initial round of the
battle, fired at least once in the field but their targets cannot, in
general, be determined. In the model one or more of the center platoon's
tanks generally returned fire in response to the opening rounds fired by
TOW 19. One or more tanks also engaged the Shillelagh on 8 of 10 replica-
tions. These tanks were usually from the left or center platoons although,
in one instance, a tank on the attacker's right engaged the Shillelagh.

In each of the replications, one or both of the DRAGONs was also engaged
by tanks. Typically the DRAGONs were enj.-~{ by two weapons, one a tank
or the ATGM from the attacker's left plal - and the other a tank from
any of the three platoons. At any rate, . wodel results contain a
mean of 4.7 engagements by tanks, and three engagements by tanks were
noted in the field. The difference appears due *¢ the model engagements
of TOW .9, which was never engaged in the field.

(8) Discussion. The major difference between the model and
field results for Trial 96 is the consistent ability of the attacker's
center platoon to return opening fires quickly and to kill TOW 19. Thus,
the model TOW was not available for the final shots observed in the field,
and the pair of tanks killed with these final shots survived in the model.
Secondary differences are the model firings at ICVs, which were ignored in
the field; the relative ineffectiveness of the model Shillelagh in the
opening portion of the battle; and the 1imited activity of TOW 18 in the
model where TOW 18 was inactive in the field.

(a) The loss of TOW 19 in the model is probably due to the
model detection algorithm. This algorithm credits detection of a firing
weapon to all opposing weapons that have intervisibility with the firer.
The detailed model output shows that upon firing one or two rounds, the
TOW was detected by every vehicle in the attacker's center platoon and
that all detections were made through this "firing cue" process. Given
this detection and the absence of other detected defender weapons, the
TOW was immediately engaged by one or more of the attackers. However,
the TOW was never engaged in the field, and there is no clear evidence
that it was ever detected. Given the alternative that the TOW may have
been detected in the field, it is possible that the attacker. could not
react as rapidly and as well as in the model. This condition could ex-
plain the two unpaired firings by center platoon tanks in the field as
poor shots in the general direction of the TOW.

(b) Firings at ICVs, particularly by the Shillelagh in the
opening phase of the battle, may have degraded the defender weapon's
ability to detect and engage more lucrative targets. This situation
would be a problem of poor model input rather than a problem with the
model itself.
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(c) In addition to its tendency to detect and engage the ICV,
the Shillelagh tended to lose intervisibility with the center platoon
tanks at about the time they began to engage the TOW. This result accounts
for its inability to take the pressure off the TOW in the opening phase
of the battle. This critical blank space, in which the tanks tended to
halt while engaging the TOW, might have been available in the field had
the tanks engaged the TOW or, equally plausible, could be a problem with
the model's intervisibility representation.

(d) The limited activity of TOW 18 in tne model, as contrasted
to total inactivity in the field, may be explained by excessive model
intervisibility or by a deterioration of player interest in the field.

(5) Preliminary conclusions. There is a strong indication that
the model exaggerates the ability of attacking weapons to detect targets
based on firing cues and the ability of attacking weapons to bring effec-
tive return fire on a target rapidly. There is also an indication of
potential intervisibility problems with the Shillelagh and TOW 18. The
intervisibility problems are not clear, however; and the observed con-
ditions could well have existed in the field. The model engagements of
ICVs, which were ignored in the field, are also notable. Otherwise, there
is no clear evidence of inconsistencies between field and model results.

c. Modified Case.

(1) Basis of change. The apparent high model rate of detections
based on firing cues led to modification of the DYNTACS detection logic
to allow an input probability of detection based on firing cues. With
this change, when a weapon fires, each opposing weapon that has intervisi-
bility to the firer may detect the firer. Whether an individual weapon
does detect the firer, however, is based on comparing a random draw from
a uniform distribution to an input probability of detection value. The
original DYNTACS algorithm could be viewed as logically equivalent to
this approach with the probability of detection fixed at unity. For the
Trial 96 runs made under this modification, the probability of detection
based on firing cues was set at 0.20.

(2) Battle outcomes. Results of the modified DYNTACS replica-
tions and the field trial are shown in table 3-10. The differences with
the field noted in the base case remain to some degree. One TOW was
generally lost in the model while both survived in the field. ICVs
generally were lost in the model while they were ignored in the field.
More threat tanks survived in the model, although the loss of six or all
seven tanks now appears as a distinct possibility, showing up on three
of the repliications. Generally, the modification made the attacking
force more vulnerable and moved the overall set of model results more in
line with the field.
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(3) Weapon activity. Weapon activity summaries are presented in
tables 3-11 and 3-12. The model modification was made to limit the detec-
tion process by which attackers in the model detected TOW 19. Thus, some
increase in the survivability of TOW 19 and a resulting increase in
activity for this weapon should be expected. The increased survivability
should also extend to the other weapons, and some increase in their
activity was also expected.

(a) TOW 18. As was noted for the base case, the model TOW
18 fired at the attacker's left platoon in an intervisibility window at
2,200 to 2,400 meters or as attackers reached the objective. The model
modifications should have had no effect on this weapon since it was
rarely detected even in the base case. Thus, the increase in this
weapon's activity must be ascribed to randomness in its detection process.

(b) TOW 19. The modification reduced the volume of return
fire received by TOW 19. This reduction was sufficient, in 4 of the 10
replications, to extend TOW 19's survivability to a period of over 5
minutes from the opening round. When TOW 19 did survive, it tended to
engage or be engaged by the attacker's right platoon when that platoon
was in the same position where it was fired upon by TOW 19 in the field
experiment. It also fired at or was fired upon by the attacker's left
platoon, with about equal 1ikelihood.

(c) Shillelagh. The Shillelagh's activity level actually
dropped with the modification. The data indicate that, while the average
number of engagements by TOW 19 increased from 1.8 to 2.8, average number
of engagements by the Shillelagh dropped from 4.6 to 3.6. This result
could have occurred because the TOW took away targets from the Shillelagh.
The detailed data, however, do not support this implication. The
Shillelagh was no less active on replications when the TOW survived longer
and, in fact, was relatively more active than when the TOW suffered an
early kil1. The reduction in Shillelagh activity may be a reflection of
the randomness involved in the model.

(d) DRAGONs. Combined activity of the pair of DRAGONs in-
creases from a mean of 3.8 engagements in the base case to 5.5 engagements
with the model modification. This result is almost totally explained by
DRAGON engagements of the attacker's right platoon, which were relatively
infrequent in the base case. This result, in turn, is due to increased
survivability of the DRAGONs, which in the base case generally were
kiiled before intervisibility with the right platoon was established.

(e) Threat ATGM. The modification had no marked effect on
the overall activity level of the threat ATGM, viewed as a group. De-
tailed comparisons show no distinctive patterns, with the activity of a
given ATGM depending on how long it survives once intervisibility is
established with the defenders.
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(f) Threat tanks. The threat tank activity Tevel with the
model modification decreased to a mean of 3.1 engagements per trial from
the 4.7 engagements per trial in the base case replications. The decrease
is spread over all defender weapon types.

(4) Preliminary conclusions. By decreasing detections, the modi-
fication had its desired effect of decreasing the level of rapid return
fire by threat vehicles and thus extending survival of the defender
weapons. This effect in turn enhanced the defender's ability to engage
and moved the general model outcome into agreement with the field results.
The possibility remains that the model gives individual attackers an
exaggerated ability to react rapidly upon detection of a defender.

3-4. SUMMARY.

a. The following observations can be made on the basis of the detailed
comparisons of DYNTACS results with the field experiment data for Trials
34 and 96.

(1) The overall battle outcomes noted in the field are consistent
with model results in that the field outcome could be considered a sample
of the set of results spannad by the DYNTACS replications.

(2) The DYNTACS algorithm that gives immediate "firing cue" de-
tections to all intervisible observers exaggerates the detectability of
firing weapons.

(3) The ability of attacking weapons to place effective return
fire rapidly on defenders is exaggerated in DYNTACS. The exaggeration
is beyond that which might be associated with the over-detection of firing
cues noted above.

hi (4) There 1is no solid evidence that potentially poor intervisi-

: bility representation within the model caused serious discrepancies with
field results. Questionable intervisibility regions, however, were
identified.

(5) The unpaired firings that occurred in the field do not have
any parallel in the model. General levels of activity noted in the model
are in agreement with activity levels noted for paired firings in the
field. There are, however, instances where individual unpaired firings in
the field appear to be reflected by model firings. These are logically con-
tradictory interpretations of the unpaired firings, and a satisfactorily
objective general treatment of unpaired firings has not been found.

b. A critical limitation of these detailed comparisons, which

seriously restricts their utility, is the lack of a field estimate of the
variability of outcomes. Although the individual field trial results may
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be considered consistent within the spread of model results produced
by 10 replications, there is no check on this spread itself. This
limitation leaves unresolved a question that may be the most important
part of the issue of model validity; i.e., how well the model reflects
the variability of results to be expected from the field.
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CHAPTER 4
ADDITIONAL DYNTACS OBSERVATIONS

4.1. INTRODUCTION. The detailed comparisons of DYNTACS results to the
outcome of two Experiment 11.8 trails, reported in chapter 3, are limited
to a small sample of the Experiment 11.8 data and to a constrained opera-
tion of the model. Additional information, potentially of a greater
value in detemining the reasorableness of the model, became evident in
the course of reviewing the tield experiment trials and in reviewing and
setting up the model, The purpose of this chapter is to summarize this
information and discuss its probable implications on model validity.

4.2, FIELD EXPERIMENT TENDENCIES. Certain characteristic patterns recur
in the field experiment data reviewed for the TETAM Model Verification
Study. The causes of these tendencies are in most cases a matter of con-
jecture, but their existence highlights some areas in which the model

may be lacking. These field tendencies are presented in appendix D.
Selected tendencies that have obvious implications for the model verifi-
cation problem are discussed below.

a. Unpairing Firings. An unpaired firing was recorded in the field
experiment when a weapon was fired but the laser illuminator linked to
that weapon failed to elicit a response by any of the sensors mounted on
target’ vehicles. Several potential explanations are available, but the
actual causes of unpaired firings in the field are not clear. Some

number of unpaired firings may be due to mechanical problems (e.g., laser
mal function, poor laser alignment, sensor malfunction, other instrumenta-
tion problemsg. Many unpaired firings, however, may be attributed to real-
world phenomena such as reconnaissance by fire, firing at false targets,
or poorly aimed shots. Whatever the cause, well over half the firings

by attackers in the field were unpaired firings. In the model every shot
is fired at a real, detected target. Thus, to the extent that the un-
paired firings of the field represent a real-world phenomenon, they are
not portrayed by the model and the model is not capable of producing
potentially half the firing activity of attacking weapons. This situation
was illustrated in the detailed comparisons for Trail 96 (chapter 3) where
the model activity for attacking weapons was at the same general level as
the paired firings from the field, but the model attackers were about half
as active as the field weapons when unpaired firings were considered.
Unpaired firings were less prevalent for the defender weapons, representing
about 7 percent of the total defender firings in the 25 trials reviewed and
rarely exceeding 10 percent of the defender firings for any one trail.
Thus, the lack of model consideration of such fires appears more critical
for the attacker.

b. Command and Control Problems. In the field trails, the ability
of the pTayer Teaders (platoon and company commanders) to control player
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actions broke down regularly. Indications of this are found in the fact
that attacker formations broke down and maneuver frequently deteriorated
into individual movements once fire was received. Additionally, target
handoffs from platoon leaders generally were ignored by the defenders.

(1) Fire control, Compared to most other combat simulations,
DYNTACS representation of fire control is relatively sophisticated. ‘
However, it does not portray target handoff explicitly. On the basis of .
Experiment 11.8 results, in which target handoff had no apparent effect
on the battles, this does not appear to be a serious model shortcoming.
Whether the lack of impact of target handoffs on battle results would
be expected in real world battle situations is an open issue. Beyond .
inability to portray handoffs, the DYNTACS fire controller lacks the flexi-
bility to portray techniques noted in the field experiment results. For
example, it appears that defenders in the field frequently (apparently on
the platoon leader's command) withheld their initial fires until a point
at which several defender weapons could engage the attacking force simul-
taneously. This technique cannot be portrayed in DYNTACS, nor can DYNTACS
portray the individual behavior frequently noted in the field data whereby
weapon crews would "pick their shots,” passing up opportunities to engage
a target in apparent anticipation of a better shot at the same target as
it entered a larger killing zone. Neither is there any mechanism in DYNTACS
for treating ammunition as being more valuable as it becomes scarcer. The
extent to which this field experiment behavior would occur in real combat
is not known,

(2) Movement control. The DYNTACS movement controller does not
depict the tendency of attack formations to break down and the tendency
of individual attack weapons to initiate independent movement as was noted
in the field. The field experiment behavior may not have been typical,
and individuals accustomed to operating as a unit under the imposed tactics
may have had better success in maintaining unit integrity. However, the
rigidity with which DYNTACS maintains unit formations is extreme. The
tendency for movements to be individually oriented rather than unit
oriented is probably exaggerated in the field experiment, but it is rea-
sonable to assume that the individual in the real world would make some
adjustment to his position in a unit formation in light of his individual
situation. Within DYNTACS, a simulated maneuver unit leader selects his
route in consideration of his individual situation, and the movement of
other elements is based on the desired formation and the route of the
leader, subject to the constraints of impassable terrain. (Actually the .
model purports to consider the unit formation but, in fact, it does not
do so in a meaningful sense.) Thus, the leader may select a covered route
for himself while the other elements, because of the rigidity with which
formations are adhered to, are forced into highly vulnerable routes of
advance. The flaws in this logic are that the simulated leader does not
give sufficient consideration to the situation of his entire unit and the
remaining elements are allowed no discriminatory action based on their
individual situations.
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c. Individual Perception Errors. The target selection and engage-
ment process in the field is subject to individual error. The most
obvious player error that appears in the Experiment 11.3 field data is
range estimation error, which is reflected by 41 out-of-range firings
in the 25 trials reviewed. False targets, which probably led to many
" of the unpaired firings discussed previously, are another perception
probiem. Numerous firings at previously killed targets were also
recorded in the field, although many of these may have been due to
delays in a target's signaling that it had been killed and may be
traced to the experimental procedure. At any rate, there is ample
evidence that the players in the field were subject to errors of a per-
ceptive nature. In DYNTACS, target-related perception is nearly perfect.
Previously killed targets cannot be fired at (and are not even detected).
There is no concept of a false target in the model. Knowledge of a
detected target includes precise knowledge of the target range, perfect
target identification, and knowledge of whether the potential target
has fired recently, whether it has fired at the individual firer, and
whether any other firers are engaging that target.

d. Summary. In summary, individual elements appear to "follow the
rules" too weli in DYNTACS. The geometric patterns of a maneuver forma-
tion are slavishly adhered to {to the detriment of individual weapon
performance), False targets are never engaged because they never exist.
Given the detection of a potential target, all information pertinent to
engagement is known perfectly and acted upon consistently, The field
experiment, on the other hand, indicates that individuals in the field
have serious problems in all these areas.

4-3. MODEL OBSERVATIONS. Familiarity with the basic ground game por-
tions of DYNTACS resulted from the process of establishing data for
DYNTACS runs and reviewing output. Ouring this process, several ques-
tionable areas in the basic model logic and assumptions were identified.
The issues discussed below are not necessarily related to comparison of
the model to the TETAM field experiment, but they are nevertheless serious
issues relating to the reasonableness of the model.

a. Etvent %g%yencing Logic. DYNTACS is an event-sequenced model,
and the Togical foundation of the simulation rests upon the definition
and timing of discrete events for the individual elements portrayed.

(1) An event is defined as a commitment to action during which
a combat element will not alter its activities regardless of the activi-
ties of other elements. In the basic DYNTACS ground game only four types
of events are possible: an element moves, an element fires one round
from a stationary position, an element fires one round while moving, or
an element neither moves nor fires. An event starts at the time the
element's previous event ended. Events other than firing events end
after some standard movement time, which is a single input value. A
30-second movement time has been used in most previous applications of
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the model and was used in the TETAM model verification work. A firing
event ends at the time the round should impact at the target. With the
use of a standard movement time increment the model could be considered
hybrid; that is, event sequenced for firing events but otherwise time
sequenced, The definition of an event as a commitment to action that
will not alter is weakened with the introduction of the movement time
cycling. . i

(2) Event sequencing in DYNTACS is accomplished by use of a set
of element clocks set for the time that each element will complete its
current event., Dattle time, or the sequence of events, is stepped
through by finding the element with the lowest clock time, processing
that element's next event (which now becomes its current event), and
setting the element's clock to the time at the end of the current event.
The process is illustrated in figure 4-1 for two attack and two defense
elements, Assume that the current event for Defender 1 has just been
processed and this element's clock set to T., time the current event is
scheduled to be completed. The clocks of each element will then be at
the respective T, times indicated, and element Attacker 2 will have the
lowest clock and will be selected for the next update. In the time slice
illustrated, the model has stepped through two events for each element
as indicated on the overall battle time line. The processes represented
for each event are, in the following sequence:

(a) The comunication model trar .its messages on the nets
the current element is monitoring., This transmission may provide the
element with general area intelligence of targets detected by other
friendly elements.

(b) The intelligence status of the current element is updated.
An element gains intelligence by the visual detection of enemy elements.
Detections during the previous event are accounted for at the beginning
of each event. An element may lose intelligence if intervisibility to
previously detected targets is lost. Intervisibility is determined at
the end of each event in which an element moves. For example, the intel-
ligence for element Defender 1 of figure 4-1 was updated at that element's
time Tp. This update included targets Defender 1 detected in the time
span T, to Tp (the previous event). The intervisibility status, however,
with respect to target Attacker 1 and Attacker 2 used for this update was
the status that existed at each element's T. times (assuming they moved
and Defender 1 was stationary).

(c) If the current element is a maneuver unit leader, it
evaluates the current situation and may select a new route and formation
for the maneuver unit. >

(d) The current element reviews detected enemy elements and
selects a target if appropriate.
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(e) Completion of the event depends on the outcome of the
target selection process and on the current element's capability to fire
while moving., Five cases exist:

1. If no target was selected and the element was not
to move, the process is complete. The element's clock is advanced the
standard movement time increment.

2. If no target was selected and the element is to move,
a movement event for the standard increment takes place. Intervisibility
status of this element with respect to all opposing elements is updated
to reflect conditions at the end of the move.

3. If a2 target is selected and the element is in a sta-
tionary firing position, the target is fired upon and any terminal effects
are accounted for, The element's clock is advan-ed to impact time of
the firing.

4. If a target is selected, the element can move while
firing, and it is not in a stationary position, the target is fired upon
and any terminal effects are accounted for. Impact time is computed, and
the element moves a distance based on this time. The element's clock is
advanced to impact time, and intervisibility conditions are updated.

5. If a target is selected, the element was to move, but
cannot move while firing, the element moves to a stationary firing posi-
tion. Updates are as for a simple movement, The element will most likely
fire at the target on its next event.

(3) The event sequencing logic described above leads to several
logical inconsistencies and discontinuites in time. Some of the more
obvious inconsistencies are discussed below.

(a) Intervisibility status is out of sequence with detections.
Consider the case in figure 4-1 of element Defender 2 detecting element
Attacker 1. At time Tp on the Defender 2 time line, this element detects
for the period Tqo to Tp, the prior event time on its time line. This
detection priod, however, is based on the current intervisibility status
of each target. Suppose that Attacker 1 fired at time Tf shown on its
time line and then, in its current event, moved. The Attacker 1 inter-
visibility status available to the model is that status that will be '
attaired, after the move, at time T¢c on the Attacker 1 time line. Given
intervisibility at that time, Defender 2 will detect the firing cue,
regardless of the intervisibility that existed at the firing position.

(b) Reaction to detections is delayed by some unpredictable
amount of time. For the case of Defender 2 detecting Attacker 1, on the
Defender 2 time line, at time Tp, the detection of Attacker 1 was deter-
mined to have taken place at time Tger. However, the Defender 2 reaction
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to this detection commences at tie Tp. At this time the decision to

fire is made, load and lay delay times are added to Tp to develop firing
time Tf, and the round (missi]e{ f1ight time is further added to deter-
mine impact time T., The net result is that an arbitrary delay, the
period from Tget to T, was also assessed. Some delay time between detec-
tion and the decision to fire will be appropriate. The problem is not
necessarily that a delay exists but rather that it is interjected in a
spurious manner by the model logic rather than by any designed or control-
led means.

(c) Terminal effects of firings are prematurely determined.
In the case of Defender 2 attacking Attacker 1, terminal effects are
determined, and the results recorded, at time Tp on the Defender 2 time
line, although impact should not occur until time Tc. Consider now
Attacker 2, which will become current at time Tc on its time line. Sup-
pose, at this time, Attacker 2 fires at and kills (at time Tpext) Defender
2. Then Defender 2 should be dead before its round impacts, but the effect
of its round has already been determined and recorded. This result could
easily occur if Defender 2 is firing an antitank missile with relatively
low firing rates and slow flight times and Attacker 2 is firing tank
rounds with relatively high firing rates and fast flight times. Further,
i€ it is critical that the Defender 2 missile be guided to impact, a dead
crew has been allowed to guide the round through the final portion of its
flight. This situation took place in the TETAM trials; and in a review
of the 20 DYNTACS replications for Trial 96 (discussed in chapter 3), 25
instances were found where a dead crew fired an antitank missile and guided
it to impact,

b. Communications in DYNTACS. The DYNTACS communication model pro-
vides a means for individual elements to exchange general area target
information. Beyond this provision, communications capabilities or limi-
tations have no impact upon the basic ground model. Although fire control
and movement control are represented within individual model modules, the
implicit assumption is made that control means function perfectly. This
assumption partially explains the inability of the model to portray the
breakdown in maneuver control in the TETAM field experiment. This break-
down was attributed to restriction to a single communication net for the
attackers, which restriction could have no effect on control within the
model.

c. Intelligence in DYNTACS. The play of intelligence in DYNTACS
centers upon the visual detection of enemy elements, which is one of the
most difficult problems involved in model development.

(1) Approach in the model. At any instant, an individual element
has one of four possible levels of knowledge with respect to each enemy
element: no knowledge, general area knowledge, full knowledge, or pinpoint
knowledge. At the beginning of each event the current element's level of
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knowicdge for each enemy, or intelligence status, is updated. Full or

pinpoint knowledge is required to engage a target. General area know-

ledge is sufficient for any maneuver control decisions based on the

threat. Any level of knowledge wplies that the existence of the enemy

element is known, that it is identified, and thai whether it has been

killed is known., Pinpoint knowledge was defined at the time of original .
model development as the situation where the element lays its weapon on

a firing signature but has no clear view of the target (due to conceal-

ment). This definition appears to have been lost during evolutionary

model changes. (See appendix B, Model Bibliography.) A pinpoint now is

a transitory detection that will be lost if the target is not selected ’
for engagement on the detecting element's current event. An element can

have pinpoint knowledge of only one target at a given time,

(a) Loss of intelligence. Once an element gains knowledge
of an individual enemy element, it can never possess less than general
area knowledge of that enemy. Full or pinpoint knowledge is reduced to
general area knowledge with loss of intervisibility. If the element is
neutralized for the entire previous event or if it fired and was neutral-
ized at the end of the previous event, all full or pinpoint knowledge is
reduced to general area knowledge with the exception that knowledge of
the target selected (if any) during the previous event becomes pinpoint
knowledge. As mentioned above, pinpoint knowledge becomes general area
knowledge if the enemy element is not selected as a target.

(b) Acquiring intelligence. An element's intelligence
increases to general area knowledge when it receives an intelligence
message about enemy elements for which it previously had no knowledge.
then an element actually detects the enemy, knowledge becomes full or
pinpoint. Detections may be accomplished by any of five procedures in
the model.

1. Full knowledge is gained whenever a firing target is
in view (not fully covered or concealed).

2. Pinpoint knowledge of a firing target may be gained
(on the busis of a random draw) if the conditions outlined above are met
but the target is fully concealed.

3. Full knowledge due to visual search may be gained (on
the basis of a random draw) for each intervisibile and unconcealed target;
however, this visual search is not conducted by a weapon during an event
in which it fired.

4. Full knowledge is gained of each uncovered and uncon-
cealed target in the search area through an "intensive area search" pro-
cedure. The search area is a rectangular region around 2 known target,
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the dimensions of which are required input data. The intensive search
procedure is carried out each time an element detects a target by one
of the three procedures outlined above. It is also conducted, in the
area of the target, every time an element fires.

5. Full knowledge of a previously pinpointed target is
gained if the target becomes unconcealed. This event also keys an
intensive area search. An intensive area search is al:~ criducted about
a pinpointed element if it was selected as a target but not fired upon.

(2) Critique. The intelligence model is poorly incegrated into
the event sequencing logic, as has been previously discussed., Considered
as a separate entity, several other problems are obvious.

(a) T7Tne original visual search equations for detection rate
were based on curve fitting of a body of empirical data. These data were
limited in several critical areas. For example, maximum range was 1.57
kilometers, observers were stationary, responses were collected under
what amounts to laboratory conditions, and a highly subjective terrain
complexity factor was introduced to the resulting equation. A recent
model addition provided a new equation for long ranges.

(b) Even with their limitations, the equations for detection
rate may be the strongest part of the detection model. These equations
are based on empirical data. but the remainder of the model appears to
be a collection of questionable assumptions.

(c) Visual search is conducted such that the probability of
looking in any direction can be described by a cardioid distributior,
emphasizing search along a given axis of observation but allowing a
balanced look about the full 360° circle. This assumption may hold true
for a rapidly moving element in open terrain in a meeting engagement
environment, It is questionable for an element involved in a coordinated
attack of a fortified position and for an element defending from a forti-
fied position. It is patently wrong for the defenders in the TETAM
experiment, who had their backs to a significant terrain feature and
frequently were masked to the sides so that the area in which it was
physically possible for them to see anything subtended a fan of well
under 90°,

(d) The TETAM field experiment indicates that the assumption
that a firing weapon is imediately detected is false.

(e) With the exception of the visual search detection pro-
cedures, there is no discrimination between moving and statiunary
observers or targets. This condition allows such phenomena as the "pin-
pointing" of a moving target. Even where motion is considered, the
adjustment for observer motion is arbitrary.
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(f) The implicit assumptions of perfect identification and
knowiedge of whether a target has been killed, even if only general area
krowledge is available, provide the fire control and movement control
Togic with more information than would necessarily be available in the
real world. Additionally, full knowledge of the position, status, and
activity of all friendly weapons seems to be assumed in the fire control
and movement control logic. -

(g) The general area knowledge does not deteriorate, regard-
less of how long it has been held or how far the target has moved since
full knowledge was available.

(h) Definition of a "pinpoint" within the model has become
obscure. Pinpoint knowledge can be obtained in the absence of any firing
cues as a target transitions from the full to the pinpoint level by moving
into an area of concealment.

(i) The visual search algorithm is bynassed for targets about
which the observer has no knowledge, once a target has been detected in
the current event. This device is used to account for the time spent in
the intensive area search associated with each new detection. However,
the detections based on firing cues or visual search for targets about
which the observer has general area knowledge are not affected. Thus,
as a battle progresses and the level of firing or general area knowledge
builds up, the intensive area searches apparently cost an individual
observer less and ultimately become free bonuses, with no accounting made
for the time they might consume.

d. Movement in DYNTACS. Movement is portrayed within two modules of
DYNTACS.” The movement controller portrays maneuver control, including
selection of unit routes, formations and speeds, and reaction to phase
lines. The movement model portrays the actual movement of individual

elements.

(1) Maneuver unit organization. Movement in DYNTACS is based on
a maneuver unit concept. Within the model, a maneuver unit is a group of
elements that moves as a coherent entity under the control of, and accord-
ing to decisions made by, an individual maneuver unit lead element. The
model user has flexibility in defining maneuver units and the associated
task organizations in that an individual section, a platoon, or a team
composed of several platoons can be designated by the model user as making
up a maneuver unit. As discussed later, the maneuver control function
represented in the model becomes increasingly more stereotyped and less
reasonable as maneuver units are designated at higher levels of organiza-
tion.

(2) The movement controller. The movement controller module of
DYNTACS represents the decision-making process of each maneuver unit
leader. Discussion in this review is limited to an attacking maneuver
unit,
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(a) General approach. Each time a maneuver unit lead ele-
ment is the current element, an opportunity is given for several decisions.
Should the maneuver unit react to, or terminate reaction to, a phase line
by adjusting the unit's desired speed? Should the leader select a new
route, formation, and desired speed based on a perceived change in threat?
Should the leader reevaluate his current route, formation, and desired
speed? Should the leader slow down to allow lagging elements to catch up?
Each of these decisions is controlled by the model user through the input
of such items as phase lines, desired speed at phase lines, critical fac-
tors defining how much change in perceived threat should cause the leader
to reassess his situation, or how far an individual should be allowed to
lag his desired position in the formation. The module is a relatively

“sophisticated set of algorithms and is probably sufficiently flexible

that the user could effect a reasonable portrayal of the decision factors
considered.

(b) Critique. The major criticism of the movement controller
arises from a model assumption that the individual element has the infor-
mation required for his decisions; he knows the threat situation too well,
Once he has general area knowledge of an enemy element, he knows what the
element is and its status (and its exact position if that knowledge is
needed for a decision). He may underestimate the threat if only a limited
number of the threat element have been detected, but he cannot overestimate,
For example, if five friendlies detect the same enemy target, the leader
knows that only one target has been detected. The maneuver unit leader also
knows when he has reached a phase line and knows when any other maneuver
unit has reached a phase line. He knows if any individual element is
lagging and knows exactly how many friendlies in the entire force have
been lost.

(3) Individual movement.

(a) General approach. Maneuver unit lead elements follow the
route selected in the movement controller logic. Other elements guide
on the leader. The route they follow is defined in terms of the leader's
selected route and the geometric patterns of desired unit formations.
Deviation from the selected route can occur only to avoid impassable
terrain,

(b) Critique.

1. The strict geometric interpretation of tactical forma-
tions is unrealistic. Individual vehicles are not alicwed to take advan-
tage of local cover or concealment and can be forced into unreasonably
vulnerable paths.

2. The module contains a highly detailed mobility
algorithm. The Tevel of detail in this algorithm and the associated data
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input requirement are excessive. Ffor example, the algorithm requires
the coefficient of air resistance for a vehicle. The algorithm in
itseif may be sound, but it is out of balance with the rest of the model.

3. Local chokepoints; e.g., river fords, road embankments,
are not portrayed. The mobility algorithm discussed above could handle
these conditions easily, but there is no apparent way to incorporate them
into the terrain, nor could the movement controller react to them.

4, The minefield logic, as coded in the model, is obscure,
This logic is “"sFoehorned" into the movement logic and makes the logical
flow of the entire movement and movement control areas difficult to
decipher.

e. wequg_Firings in DYNTACS., Weapon firing is handled in three
logical areas of D C3 representing fire control, discharge of weapons,
and terminal effects of weapons. In the TETAM study, terminal effects
algorithms used in the conduct of Experiment 11.8 were incorporated into
the model, and the model algorithms have not been reviewed. Discharge of
weapons is represented through load, lay, and projectile flight times and
is straightforward (although event timing is auestionable, as already
discussed)., Therefore, the following review deals only with the depiction
of fire control.

(1) Approach. Representation of fire control in DYNTACS centers
upon the selection of targets by individual weapons. This selection is
accomplished, given a set of potential targets, by application of a set
of range adjustment factors and selection of the target with the smallest
adjusted range. The adjustment factors depend on target type, amount of
cover, whether the observer has just fired at the target, whether another
friendly element is firing at the target, whether the target has just
fired, whether the target has just fired at the observer, and whether
the target is in the observer's sector of responsibility. The fire con-
troller also controls opening fire through a maximum allowable range for
each ammunition and target combination. There is some attempt to portray
transfer of targets between elements and fire and movement tactics., How-
ever, this portrayal is limited to allowing an element to seek new targets
ur to move, once it has fired some number of rounds (input) at a specific
target, if another friendly element is engaging the original target.

(2) Critique.

(a) Setting target priorities by the use of range adjustment
factors is cumbersome. It is also doubtful that the typical model user
can provide a set of factors that will clearly indicate desired priorities.

(b) There is no opening engagement logic. FEach side follows
its pre-established rules regardless of which side fired the first round.
It is impossible, for example, to hold fires until 1,000 meters unless the
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other side fires but to open fires at 2,000 meters if the other side
fires. It is also impossible with two identical weapons in different
positions to have the near weapon hold fire until both can open. The
maximum range also could cause a weapon to withhold fire when it suffers
a mobility kill where the weapon would, in fact, return fire.

(c) The model assumes that the round in the tube is always
the optimal round for the target. It also assumes that only one sub-
system can be fired at a time,

(d) It is doubtful that the transfer of targets portrayed
in the model is any reasonable representation of what actually takes
place when elements are advancing with fire and movement.

(e) An implicit assumption is made, similar to that noted
in the movement controller, that the individual element knows everything
about each detected target as weli as which targets his compatriots are
engaging,

(f) No mechanism exists for portraying reconnaissance by
fire, firing at suspected target locations, or suppressive fire,

(g) There are no formation constraints on firing; for example,
tanks in a column could all fire to the front.

4-4. SUMMARY, Review of general tendencies in the TETAM experiment and
the DYNTACS logic identified numerous model shortcomings, the more critical
of which are summarized below:

a. Event sequencing in DYNTACS is poorly implemented both in the
definition of an event and in the time relationships within an 2vent and
among several events. When it is possible for a dead crew to guide a missile
successfully, the definition of an event as a "commitment to action that
will not be altered" has not been implemented. When a detection is said
to occur at one time, based on conditions at -a second time, and reaction
to the detection takes place at a third time, the time relationships in
the event sequencing have not been well established.

b. The total play of intelligence is questionable, not only in those
areas of the intelligence submodel where acquisition is portrayed explicitly
but also within those portions of the model, such as the movement and fire
controller, where implicit assumptions as to the amount of knowledge avail-
able are made. Further, with the exception of the algorithms used to cal-
culate visual detection rates, intelligence portrayal is apparently based
entirely on a complex set of interrelated assumptions, only the more obvious
of which have been identified in this review.
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¢. The communications model has no direct impact on anything but
the intelligence model. In particular, it has no direct impact on com-
mand and control functions,

d. The representation of tactical formations is rigid and could

force individual elements into portions of a battlefield that a real
world element would avoid.
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CHAPTER 5
DETAILED TUA COMPARISONS

1

5-1. THTRODUCTION.

a. This chapter contains the detailed comparisons of IUA and field
experiment results for the situations established in CDEC Experiment 11.8
Trials 34 and 96. These trials are two of the better-controlled experi-
ments for which data are available, and they represent the two modes of
attacker tactics used in Experiment 11.8. During Trial 34 attackers
executed a rapid approach tactic, and in Trial 96 they used a fire and
movement tactic.

b. The IUA model consists of three segments. The terrain processor,
which determines line-of-sight opportunities between a firer and potential
targets; the mobility processor, which determines attacker movement to-
ward static defensive positions; and the main battle model, which simu-
lates the target acquisition, engagerent, and attrition process. There
are certain portions of the IUA model for which no comparison was made
with field tests. These portions include the model's ability to simulate
vehicle movement and assess casualties using the IUA vulnerability data
base. As was noted in chapter 2, in these cases a special data base was
developed from the field experimentation data, and the model was programed
to accept and use the field data. The primary purpose of this comparison
is to determine IUA's ability to produce a series of engagements that
approximate the events of the CDEC field trials. The primary submodels
of the main battle model examined were those that produce events re-
presenting battle conditions of tactical command and control, intervisi-
bility, target acquisition, target prioritization, and firer/target response
times.

c. An extensive analysis of the field trials indicated that none
were replications of a similar defensive or threat tactic. Consequently,
each field trial is viewed as a unique battle, and this battle is compared
with a set of 10 model replications of the same tactical situation. The
comparisons are oriented to exploring the following questions:

(1) Can the field outcome be viewed as a sample from the popu-
lation represented by the set of model replications?

(2) Where differences between model and fielc results are noted,
is there a logical explanation for the difference thet leads to accept-
ance of the model outcome?

(3) Where differences between model and field results are noted,

is there a logical explanation for the difference that points to a
potential problem area in the model?

5-1




5-2. TRIAL 34 COMPARISONS.

a. ULase Case In the following discussions, the initial comparisons
between model and field results are referred to as the base case. Com-
parisons made subsequent to model or input modifications are referred to
as excursions.

(1) Situation portrayed. ODuring Trial 34, attackers executed a
rapid approach tactic with an attacking force consisting of seven T62
tanks, two ATGMs, and two ICVs. The main objective was for the tank
force to overrun the defensive area, with the ATGMs providing overwatch
fire. The rigid tactical structure of IUA should make it well suited
for simulating a battle of this type. The approach taken for model setup
was to prepare the tactical data base in the same manner as one would
normally proceed when running IUA for a study, with the field maneuvers
of both defensive and offensive forces simulated using tactics currently
available in the model. The IUA rurs for Trial 34 were conducted using
one primary axis of advance for the threat force. The model threat force
structure consisted of three tank platoons with two T62 tanks in each
platoon, a section of ATGMs containing two vehicles, a section of ICVs
containing two vehicles, and a cempany commander in a seventh T62 tank.
The primary difference between the model and vield trials was the routes
used by the attacking force. Rather than allowing each vehicle to follow
an individual path, as in the field, the IUA model requires that individual
attack routes be assigned to platoons containing two or more vehicles.
A1l vehicles are required to follow the attacker path assigned to their
platoon or section. Each of the tank platoons, the ATGM section, and the
ICV section were assigned a route of advance. The tank commander was
also assigned an attack route although model restrictions required that
an extra vehicle be placed on the tank commander's route. This dummy
vehicle could not fire, nor could it be fired upon by the defenders, and
had no effect on the battle. Six to eight points representing attacker
platoon movements were input to the model describing each attack route.
The points for each route were obtained from the field trial analysis.
The defensive force consisted of two TOWs, one Shillelagh, and one DRAGON.
The model weapons occupied locations on model terrain corresponding to
their respective field positions.

(2) Battle outcomes. The overall battle outcomes in terms of o
surviving weapons are shown in table 5-1. The IUA model discriminates
among mobility, firepower, and total (mobility plus firepower) kills, but
an attacking weapon is removed from further consideration as target or
firer as a result of any of the three types of kill. Defender weapons are
removed from the battle only after a firepower or a total kill. Conse-
quently, the kill results presented for IUA include all types of kills
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against the attacker and firepower and total kills against the defender.
rable 5-1 is a clear indication that the attack force is overkilled in
IUA. A1l tanks and both ICVs were lost in every model replication.
Survival of ICVs in the field may be a result of the players tending to
ignore the unarmed ICV. The model could be made to ignore the ICV by
proper target priority data. Even with the added distraction of the
ICVs, the model defenders were able to destroy all tanks, while only
five tanks were lost in the field trial. Comparability in terms of
surviving Blue weapons appears to be acceptable.

(3) Weapon activity. A comparison of the battle activity for
the model and field forces is shown in table 5-2. The mean and standard
deviation from 10 IUA replications for the number of rounds fired, en-
gagements, and kills by each defender element against a specific attacker
weapon type are compared with the field results. The total number of
rounds fired by the field force include unpaired firings. The number of
engagements shown in the chart was determined by counting the number of
tines that a gunner fired one or more consecutive shots at the same tar-
get. A1l kills are included except mobility only kills to defenders.

(a) TOW 18. A comparison of TOW 18's performance in the
model and the field is shown in the first line of table 5-2. The loca-
tions of the impact points for all paired field firings (indicated by 1)
and for all firings from the IUA replications (indicated by +) by TOW 18
are shown in fiqure 5-1. The IUA attacker trails and the weapons assigned
to each trail are also shown in the figure. Those segments of the attacker
trails that were visible to the IUA TOW 18 are shown by solid line seg-
ments. Tnose portions of the trail obscured by the terrain are shown
by the dotted lines.

1. The TOW field crew engaged T62-4 and ICV-13 at ranges
between 1,700 and 2,100 meters. The IUA TOW engaged targets in three
areas of the battlefield. IUA firings at ranges of 1,300 to 2,000 meters
appear to compare with field firings. The model also fired on those
trails carrying T62s at ranges of 2,300 to 2,500 meters (area A) and
again at 1,000 to 1,400 meters (area B). The explanation for firings in
these areas lies in the inability of IUA to play local vegetation around
defensive positions. Inspection of photographs of TOW 18's field
position indicates that there are several large trees around the position
Jimiting the TOW crew's view to only the rightmost routes used by the
attackers during the field trials. The current version of the IUA line-
of-sight processor assumes that no local vegetation exists around the
defending position that will block his view of the terrain. Removal of
these trees gave the IUA gunners a commanding view of the battlefield at
25000 to 2,500 meters (area A) and again at 1,000 to 1,500 meters (area
).

b -
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2. Firings at the ATGMs on trail 5 by model gunners is also
seowr, in figure 5-1. Field crews apparently had line of sight with these
positions and were unable to detect and fire at two targets in this area
because the targets were hidden in a tree line. The ATGMs had no flash-
band simulators during this trial and provided no firing cues to the field
defenders.

3. The excessive intervisibility for the model TOW is
reflected in an increased number of engagements and kills (table 5-2),
more than double the number occurrina in the field. One other anomaly is
noted in figure 5-1. Two model firings impacted on trail 2 (area A) at
a range of 2,300 meters in a segment of the trail that was masked from
the IUA gunner's view. These points represent firings that were initiated
while the target was in the visible segment but loss of line of sight
occurred before impact. No casualties are assessed against the target
under these conditions.

(b) TOW 19. The number of shots, engagements, and kills for
TOW 19 can be seen for both the field and model in table 5-2. Figure 5-2
shows the impact locations of shots fired by TOW 19 during 10 replications
of IUA and during the field experiment. Intervisibility for IUA's TOW 19
with trails 1, 2, 4, and b begins at approximately 1,800 meters, and the
model simulates these field firings well at ranges of 1,400 to 1,750 meters
and at 500 and 750 meters. Shots against the ATGMs are noticeably absent
from both the field and the model runs. In both the field and the model,
terrain prevented intervisibility between the ATGM position and TOW 19.
Two primary areas of disagreement exist between the model and field firings.
These areas are enclosed by dashed lines.

1. The first region (A) shows the IUA gunner firing

several shots against attackers on trails 1, 2, and 4 at a range of 1,000
p to 1,300 meters. The only shot close to this area in the field was
engagement of tank T62-9 at a range of 870 meters. Tanks 8 and 9 moved
through this area during the field trial. There are two possible explana-
tions for the absence of field firings in this area. TOW 19 had just
completed an engagement of tank 8,and tank 9 may have been allowed to move
~hrough the area undetected while the field crew concentrated on tank 8
fur verification of a kill. IUA defensive players have immediate know-
ledge of round impact effects and shift immediately to another target
after achieving a kill. The second explanation is that the field crew
did not have intervisibility with this area of terrain. It is obvious
that the model did not play intervisibility correctly on trail 4 at 750
meters since a field shot against tank 9 occurred in a area that was not
visible to the IUA TOW gunner.

. — o

2. The second area of concern (B) shows the IUA TOW
firing at tanks 4 and 5 on trail 3 at a range of 700 to 800 meters. The
route represents an extrapolation of tank 4's movement since there were

5-8
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rno Jive tanks in this area in the field trial. An analysis of the field
positions indicates that the field TOM 19 had intervisibility with this
area and could have engaged live targets if they had been present. The
model TOW 19 activity level is lower than in the field. This result is
due to the exaggerated activity of TOW 18 and a resulting limited number
of targets available to TOV 19.

(c) Shillelagh. A summary of Shillelagh firings, engagements,
‘ and kills for the field and the IUA base case is shown in table 5-2; and
h impact points for the Shillelagh field firings and 10 IUA replications
| are shown in figure 5-3.

1. Both the model and field Shillelach fire into the
same area at a range of 2,250 to 2,800 meters. The field Shillelagh crew
completed two shots against tank 5 in this area. These two shots point
out a situation that occurred several times during Trial 34; t.e., the

= tendency of field crews to respond very slowly when re-engaging the same

4 target. The CDEC firing records indicate that the time between the
first and second firing was 49 seconds. If a 15 to 20 second period is

! allowed for first round flight, 29 to 34 seconds are left between first

: round impact and firing of a subsequent round. It is probable that this
time was spent by field firers searching for damage assessment cues.
IUA does not include any time for target damage assessment by a firer.
Shots are fired in the model after a 10 to 15 second pause for reload.
Consequently, subsequent shots by IUA at the same target occur sooner and
fall much closer to the initial impact point. An excursion conducted in
an effort to correct this probiem is reported in paragraph 5-2b below.

2. The IUA Shillelagh fired against the ATGM overwatch
positions (area A), but the field Shillelagh did not detect the AGTM

p position. The ATGMs had no signature simulators, which may have an effect

: on the Shillelagh field crew's inability to detect the position. However,

) the field ATGM killed the Shillelagh, which indicates that intervisibility
existed between the positions. This condition is also reflected in IUA,
where firings occurred between the ATGM and Shillelagh positions. The
Shillelagh fired two shots at tank 2 in the field. The first shot im-

! pacted at a range of approximately 1,400 meters. Field crews indicated
that initial detection of the tank occurred at approximately 1,900 meters
from their position, but the tank was allowed to advance 500 meters before
engagement. The IUA model also fired at tanks moving through this area

’ (B). However, the model tended to engage the tanks soon after they became

! visible. The second field shot at tank 2 was fired after the tank had

‘ crossed the trial termination line.

3. One other area (C) where the field and model shots
differ is shown in figure 5-3. The model tended to fire at targets on
trails 3 and 6 at ranges of 1,700 to 2,300 meters. The ICVs and tanks
4 and 5 were moving on these trails. There is no evidence from the field
data that the Shillelagh crew did not have intervisibility with this area.
It js suspected that the Shillelagh field crew either failed to detect or
ignored the targets (two ICVs and one tank) in this area.

5-10
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(d) DRAGOW. A summary of the DRAGON's activity for IUA and
ch2 field is shown in table 5-2. The impact points for DRAGON rounds
arv shown in figure 5-4 for the field trial and 10 replications of IUA.
DRAGON crews completed four paired firings in the field, while the IUA
DRAGON fired a total of six shots during the entire 10-replication set.
Tue inactivity of the DRAGON in IUA was a result of the model TOWs and
Shiiielagh having killed most of the T62s before they moved within the
ORAGON's range. The model engaged tanks 2 and 9 in the same areas as
they were fired on in the field. The model also fired at tanks 8 and 4
(areas A and B). Inspection of photographs of the DRAGON's field positions
indicates that this area was masked by a small hill and by vegetation
near the defensive position.

(e) ATGM. The ATGMs in the field reached the overwatch area
about 8 or U minutes into the trial but did not deliver effective fire
until about 4 minutes later. The field ATGMs finally killed the Shillelagh
and engaged the DRAGON. In IUA the ATGMs reached the overwatch position
at approximately the same time but generally engaged (7 of 10 replications)
and killed (4 of 10 replications) TOW 18 very shortly thereafter. In three
replications, the ATGMs then shifted fire to the Shillelagh or DRAGON.

In the remaining three replications, the ATGMs were silent, failing to
detect any defender weapons.

(f) Tanks. In the field, two tanks each fired one unpaired
round. In IUA there were no tank firings.

(4) Discussion. The following discrepancies between the IUA base
case and field results for Trial 34 are considered noteworthy.

(a) The unarmed ICVs were ignored in the field, receiving
only one round from TOW 18, which was unable to find any other targets.
In IUA the ICVs were always killed.

(b) In the field trial, TOW 19 was more active than the
other defender weapors, accomplishing five target engagements while each
of the other weapons engaged two targets. In IUA, the Shillelagh and each
TOW engaged four to five targets while the DRAGON was generally inactive,
lacking many targets within its range capability. The model TOW 18 was
given better intervisibility conditions than were available in the field,
allowing greater activity.

(c) The overwatching ATGMs engaged mere rapidly in the model
than in the field, once they reached their overwatch position. This re-
sult related to the model's inability to portray the difficulty these
weapons had in establishing good fields of observation and fire from with-
in the tree line at the overwatcn location.
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(5} Preliminary conclusions. The IUA base case and field results

iur arial 34 are considered to be in disagreement. The underlying reason
is cxaggeration of the capabilities of TOW 18 and tihe threat ATGMs because
of poor portrayal of close-in vegetation. The vegetation problem points

to a model shortcoming. I!lodel logical treatment of all attacker kills

as .atal kills also contributes to exaggerated defender weapon performance.
Defenders in the model do not have to "finish off" partially killed tar-
gets and are available to engage new targets earlier.

b. Trial 34 Excursion. Players in the field trials often spent an
excessive amount of time (from 35 to 59 seconds) between round impact and
firing a subsequent round at the same target. Analysis of the IUA runs
indicated the model defenders fired a subsequent round within 8 to 15
seconds after round impact. In an effort to test model sensitivity to
changes in the parameters affecting crew engagement times, an excursion
of 10 replications was run using the slower re-engagement rates of 42,
45, and 49 seconds for the TOW, Shillelagh, and DRAGON. The force out-
cones for the excursion battles are shown in table 5-3, and the activity
levels are shown in table 5-4, Model and field results are in somewhat
better agreement. The field outcome now appears to be a possible model
outcome, and the Shillelagh's model activity level is shifted closer to
that realized in the field.

5-3. TRIAL 96 COMPARISONS.

a. Situation Portrayed. During Trial 96, field players executed a
well controlled fire and move attack. The attackers knew the site well
and made yood use of available concealment. An analysis of the field
trial indicated that the attacking force attempted to approach the de-
fender positions using three platoons, with the company commander remain-
ing in an overwatch position directing the attack. These tactics were
simulated in IUA using one primary axis of advance. Four attacker trails
were chosen within the axis using coordinates taken from the field data.
Three platoons, each consisting of one ATGM, two T62s, and one ICV, were
assigned to the IUA tactical routes. The company commander, in a T62
tank, was assigned to the remaining route. The defensive force was
composed of two TOWs, one Shillelagh, and two DRAGONs. One of the TOWs,
however, was poorly positioned and was inactive throughout the trial.

b. Battle Qutcomes. A comparison of battle outcomes for 10 IUA
replications and the field results of Trial Y0 is contained in table 5-b.
In terms of surviving weapons, the field results can be considered as
coming from the IUA model population. Attacker weapons suffering mobility
only or firepower only kills are treated as lost within IUA, as are de-
fender weapons suffering firepower only kills; and this treatment is
followed in the data tabulation. It should be noted that in the field
experiment the two missing threat ATGMs suffered mobility kills. The
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model outcomes suggest a dichotomy, with the attacker being successful
in five replications and defeated in five replications. Review of the
detailed data failed to uncover any consistent key to discriminating
between these two general outcomes.

c. Weapon Activities. Summaries of individual defender weapon
activity are contained in table 5-C. The second TOW (TOW 18) does not
appear in this table since it neitiner fired nor was fired upon in the
field or in IUA; this result was apparently due to limited intervisibility.

(1) ToOW 19. The overall level of activity for TOW 19 was similar
in the IUA runs and the field, although this weapon fired exclusively at
tanks in the field but also fired at other targets in the model. Impact
points for rounds fired by the model (indicated by +) and field (indi-
cated by o) TOW can be seen in figure 5-5. Both the field and model TOWs
open fire at targets in the center of the attack formation. The field TOW
fired its first round (area A) at a range of 2,380 meters in an area of
intermittent visibility. The IUA TOW fired its initial round at the same
target group but at a mean ranae of 1,980 meiers and from 1 to 2.5 minutes
later than in the field. The difference is due primarily to exceptionally
good crew performance in the field (15 seconds from initial detection to
round impact). In each case, the TOW was effective in this area, killing
two tanks in the field and ki1ling three or four of the four armed tar-
gets (three tanks and one ATGM) in IUA. After engaging the center targets,
the field TOW had an inactive period of about 7 minutes and then killed
the attacker's right platoon tanks in area C of figure5-5. The model
TOW, when it survived return fire from the center platoon (5 of 10 repli-
cations), then engaged targets of the attacker's right or, less frequently,
left platoon (in area B of the figure) after a delay of no more than 1.5
minutes. The major discrepancy appears to be due to poor intervisibility
portrayal in the model. The model TOW has a long period of intervisibility
along trail 3, which did not exist in the field.

(2) Shillelagh. The levels of Shillelagh activity in the field
and in IUA are comparable; however, rates of activity are exaggerated
in the model. The field Shillelagh had a typical spacing of over 1 minute
between shots, but in IUA 20 seconds between shots was typical. The model
Shillelagh was active for only 1 minute and never survived more than 25
minutes beyond its opening shot; the field weapon was silenced about 6
minutes after its first shot. In the field, this weapon opened fire on
the attacker's center, in coordination with TOM 19, and then shifted fires
to ATGM 10 on the attacker's left. The IUA Shillelagh opened fire on the
attacker's left platoon (area A of figure 5-6), received return fire from
the attacker's right platoon, and, when it survived, shifted to return
that firve. It appears that the attacker's left platoon arrived in this
weapon's killing zone too early in the model, keying premature fire. This
situation indicates problem with movement data rather than with model
logic.
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(3) DRAGONs. Figure 5-7 shows round impact points for the model
ar, tield DRAGON 23. Intervisibility portrayal is poor, with two of the
four field shots falling in areas where the model shows no line of sight.
DRAGON 24 activity adds little information since this weapon received
én early kill in the field and fired no shots.

(4) Threat weapon activity. The low level of paired threat
weapon firings in the field (5 engagements by 10 weapons) makes direct
comparisons difficult. The following points are noteworthy:

(a) The field Shillelagh was engaged by the ATGM on the
attacker's rignt shortly after opening fire. Simultaneously, the right-
most attacking tanks fired 15 unpaired shots. This result is consistent
with the model results where, shortly after its first round, the Shille-
lagh was fired upon by one of the rightmost attack weapons in all
replications.

(b) TOW 19 was never fired upon in the field and, apparently,
was never detected by the attackers. In IUA the TOW was alwavs engaged,
and the engagements followed a distinct pattern. The TOW always received
return fire from one or two of the four center attack weapons (three tanks
and one ATGM). This fire was initiated from the same point of the battle-
field and within the same 30-second time slice in all replications. When
the TOW survived this fire from the attacker's center platoon (4 of 10
replications) it was fired upon by elements of the attacker's right
platoon, once more from a certain position and in a specific time window,
about 3.5 minutes after fires from the center platoon. These firings
at the TOW parallel the pattern of firings by the TOW in the field, ex-
cept that IUA began the second active period too soon and at too great a
range from the TOW.

(c) Engagements of the DRAGONs by threat vehicles were simi-
lar in the field and IUA to the extent that they were engaged by threat
vehicles as they closed on the DRAGON in all cases. Differences were
due to different vehicles surviving to that point.

d. Discussion. The gross results of IUA and the field experiment
are not contradictory, but the model battle development is different
from that of the field. The following points are major contributors to
this difference:

(1) Model intervisibility is incorrect in several instances.
There was model activity where detection apparently was not possible in
the field, ans there was lack of model intervisibility at points where
field firings took place. In many cases, this anomaly appears to be due
to the model's one-way treatment of "concealment" provided in the field
by vegetation. The model credits concealment when a weapon is viewed
as a target but assumes that concealment has no effect when the same
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weapor is a potential detector or firer. Review of the field positions
indicates that TOW 19 was in a position where detection from the field
was highly difficult, but the vegetation that provided this concealment
erfectively blocked TOW i3 from detecting or firing be¥ond a very narrow
window. The model appears to have underplayed the TOW's restricted area
of coverage.

(2) The model Shillelagh always opened the battle early, but the
field Shillelagh held its fire until it could engage targets simultaneously
with the TOW. This result is due to an input data problem that caused '
the attacker's left platoon to cross an open area too early. However,
preventing this fire could only be accomplished by the use of equally
faulty data that would place the platoon in the oper. area later than
in the field. There is no way to cause the model Shillelagh to hold fire
until simultaneous opening engagements take place, as happened in the
field, without placing an undue range restriction on this weapon.

(3) Model firing activities, particularly sequential selection
and engagement of different targets, are much more rapid in the model
than in the field. This result is partially due to the fact that in the
field experiment players had only a delayed feedback of the results of
their fires as a destroyed vehicle stopped, showed smoke, and put out
a signal panel. These actions probably took more time in the field than
was appropriate. The model, however, plays no delay for target effect
assessment; a firing weapon in IUA knows upon impact the effect of its
round. The real world obviously lies somewhere between these extremes.

(4) Model attackers reacted to defender fires with a rapid and
generally effective return of fire. The immediate reaction of field
attackers is unknown. It may have been to seek cover, or it may have
been confusion. At any rate, field attacker reaction was not the rapid
effective return fire seen in the model.

e. Preliminary Conclusion.

(1) The IUA base case runs agree acceptably with Trial 96 field
results. Overall results are similar when mean values are considered,
but the 10 model replications produced two distinct sets of results that
bracket the fieid outcome. The model seems to have serious problems.
The visibility conditions portrayed in the model are incorrect, primarily
lrecause of poor treatment of vegetation as a close-in mask. Weapon
capability is exaggerated, primarily through overly rapid acquisitions,
engagements, and reactions. The treatment of any type kill as a total :
ki1l further exaggerates weapons capability for the defender.

(2) Tne dichotomy of IUA results led to the conclusion that

insufficient replication had been used for this study. Twenty additional
IUA replications were run to see if a more stable outcome would appear.
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Pairwise comparisons for the mean values were carried out, using the
Student's t-statistic to test the hypothesis of equality of means. Each
pairwise compairson, except the mean number of Blue weapons surviving in
replications 1-10 compared with replications 11-20, indicated a difference
in mean values at the 95 percent confiderce level. The obvious implica-
tion is that 10 replications are insufficient for this model. Comparison
of the overall mean of 30 replications with the single field result did
not change the conclusion that the overall (mean) model outcome agrees
with the field except for the apparent overkill of ICVs.
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CHAPTEP 6
ADDITIONAL TUA CONSIDERATIONS

6-1. INTRODUCTIOM. This chapter contains a discussion of field activity
tnat cannot be represented in IUA and of other critical model character-
istics noted in the study. Most of the model assumptions discussed in
this chapter have been identified in other IUA reports, but their impact
on model performance has not been documented.

6-2. TACTICAL ROLES AND TACTICAL MOVEMENT.

a. Attacker Weapons. IUA plays attacking ground weapons in two
tactical roles: attack overwatch weapons, which remain in a specified
location and provide direct supporting fires for the maneuver weapons;
and attack maneuver weapons, whose purpose is to close with and engage
defender weapons.

(1) Overwatch weapons. IUA makes two critical and questionable
assumpiions regarding overwatch weapons. First, overwatch weapons are
assumed to attain their desired firing positions through routes fully
covered and concealed from the defenders. Thus, within the model, these
weapons appear at their positions at a user-specified time in the battle
and, for all practical purposes, do not exist prior to that point.
Movements to successive overwatch positions are also possible, in which
case the weapons once more disappear for a period of time and then
reappear. Secondly, the model assumes that, once in its position, an
overwatch weapon has line of sight to all defender weapons. In TETAM
the threat ATGMs often were used in overwatch pesitions, and it was
necessary to simulate this roie. However, the model assumptions were
obviously invalid in view of the field results. Consequently, for the
model runs, overwatching weapons were treated as attack maneuver weapons,
with obstacles placed along their routes of advance in the desired over-
watch positions. Using the delay characteristics of the obstacle, over-
watch weapons were stopped in the desired positions for a specific
period of time to deliver fire. Their movement to the positions and
fields of fire from the positions were treated with the same degree of
realism as the other attack weapons.

(2) Maneuver weapons. Each maneuver weapon is associated with
a route, which specifies the path to be followed and determines most
of the tactical activity of the game. Each route is marked by the user
with a set of up to 30 route descriptor points.

(a) A set of input critical ranges associated with the
routes specify points on the route at which various actions take place.
In each case, the range used to key the action is computed from points
on the route to the final or "objective" point of the route. Important
range points for ground direct fire weapons are:
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1. Line of departure. The simulation actually starts
at tnis point on each route.

2. Tactical line of departure. This is a phase line.
Maneuver weapons hold at this line until it is reached by all maneuver
weapons.

3. Overwatch line. Overwatch weapons appear in their
positions when maneuver units reach this line.

4. Defender open fire line. Defender weapons do not
fire until this Tine is crossed by attackers.

5. Move and fire line. Maneuver weapons begin to execute
fire and movement when these points are reached.

6. Mass fire line. Maneuver weapons stop fire and
movement at this line. Weapons hold at this line until it is reached
by all maneuver weapons and then continue to advance.

7. Defender withdrawal line. Where secondary defender
positions are used (discussed below) the movement to these positions is
keyed to attacker arrival at this line.

8. Moving fire line. Attack meneuver weapons with the
capability to fire while moving are allowed to do so once this line is
reached.

(b) Keying of the various critical lines introduced above
is accomplished through timing flags set in the movement preprocessor.
The events take place in the battle model at their scheduled times,
reaardless of the actual dynamics of the battle. For example, if weapons
are scheduled to wait at the mass fire line they will wait for the
scheduled time, even if the weapons they are nominally waiting for have
been killed. As another example, if defenders are scheduled to withdraw
on schedule even if the attackers keying the withdrawal have been
killed and regardless of the attacker's strength.

(c) Attacking maneuver weapons execute a fire and movement
tactic between the fire and move line and the mass fire line. To
accomplish this tactic, two "sections" on a given route advance by either
successive or alternating bounds.

1. Given a sequence of points along the route, with
point N the point at which fire and movement starts, successive bounds
move section 1 to point N+1 while section 2 holds at point N. As section
1 reaches point N+1, it holds there and section 2 moves to point N+1.
Wihen section 2 reaches point N+1, it holds and section 1 moves to the next
point. This process continues until the mass fire line is reached.
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2. To simulate alternating bounds, section 1 moves to
point !+]1 while section 2 holds at point }. \hen section 1 reaches
point H+1, 1t holds and section 2 moves to point N+2. Vhen section 2
reaches point N+2, it holds and section 1 moves to point N+3. The "leap
frog" process continues until the mass fire line is reached. The points
along a route used are those input route descriptor points that lie
between the fire and move and mass fire lines. Once more, the movement
is scheduled by the preprocessor and, for example, if sectien 2 is killed,
section 1 continues its bounds and waits at the prescribed points as
though it were waiting for section 2 to complete its bounds.

(d) Attack maneuver weapons may be identified as having a
capability to fire while moving; otherwise, they must stop to fire.
(In the TETAM runs, all weapons had to stop to fire, consistent with the
rules of the field experiment.) Weapons with the moving fire capability
are allowed to do so when the appropriate critical range is reached.
Otherwise, firing is possible only when the vehicle stops. A vehicle can
stop only at the tactical line of departure, at firing points while
executing fire and movement, at the mass fire line, and at obstacles.
Each of these stopping points, or potential firing positions, is one of
the route descriptor points (at most 30 per route) provided by the user.
Consequently, the user must exercise great care in selecting these points
to insure that they provide sufficient intervisibility to defender
positions, since these points may be the only ones from which firing is
possible.

(e) Local concealment levels are defined at each route
descriptor point, and the concealment level at one point is applied over
the route until the next point N reached. Nominal concealment levels
are fully concealed, partially exposed, and fully exposed. This conceal-
ment along a route impacts on the defender's ability to detect and
subsequently engage an attacker but has no direct impact on the attacker's
ability to detect a defender. There is no model relationship between
this type of concealment, dictated by the user, and the model's terrain
representation. Thus, any consistency with the terrain being represented
is provided by the individual developing the route descriptor points.

(f) Maneuver weapon movement rates are computed under the
assumption that all movements take place at the maximum possible speed,
limited only by terrain roughness, soil type and slope characteristics.
and vehicle capacity. As with concealment, the roughness and soil
characteristics are input with route descriptor points; so, within the
model, no recourse is required to the terrain data except for slopes.
Movement is accomplished in the preprocessor by scheduling the arrival
time of a section at each route descriptor point, with the travel time
between points based on the limiting velocity of the section's lead
vehicle. (Lead vehicles are specified by input.) The scheduled move-
ment is nct affected by dynamic battle events. For tie TETAM situations,
model vehicles moved much faster than their field counterparts; in fact,
the assumption of movement at terrain-limiting speeds was invalid. The
comparison runs discussed in chapter 5 were actually made with artificial
data developed to force model movement consistent with that realized in
the field.
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(q) The onlv meaninaful attempt to portray tactical
organisations or formations within IUA tales place in the fire and move-
ment activities followed by sections, as discussed above. This section
Togic vy tne basis upon which most of the model depends, and it leads
to various numeric limitations: there must be two sections per route,
one to three weapons per section, one to 12 routes, and at most 72
maneuver weapons. Coordination amonq routes is accomplished through the
various critical ranqges, such as those described above, reaardless of
battiefield dynamics. Coordination between sections on a route is also
predefined reqgardless of battlefield dynamics. Individual activity within
a section is superficially defined in terms of individual firings or
losses, but the section actually moves, detects, and is detected as an
entity. The section's position a’ong its route is used to determine
such factors as range, concealment, and intervisibility, which are applied
to each weapon of the section. The IUA postprocessors assume that
sections were in a line formation with 50 meter interweapon spacings
when providing individual weapon locations for output, but there is nothing
within the preprocessor or the actual battle simulation that is affected
by this assumption.

b. Defender Weapons. The IUA model allows the user to specify
primary and secondary defender weapon positions. Movement to secondary
positions is keyed to attack weapon .rrival at one of :he critical
ranges discussed previously. As with other major tactical decisions in
IUA, the movement is prescheduled and cannot be affected by battle
dynamics. When the movement takes place, the assumption ¢f perfectly
covered routes is made, with the defenders disappearing and then
reappearing at their secondary positions.

6-3. TARGET ACQUISITION AND INTELLIGENCE. The play of intelligence and
target acquisition within IUA is the most questionable area of the model.
Unfortunately. it is one of the most significant factors determining
individual weapon activities in the field.

a. DBattlefield Intelligence. For the purpose of this discussion,
intelligence is considered as the sharing of information among elements
of a force, as opposed to individual target acquisitions made by discrete
elements. In this context, IUA makes no explicit representation of
intelligence. However, where tactical or fire control decisions are made
that would logically require some intelligence, there is an implicit
assumption that the required information is available instantly. For
example, the various control lines, which imply knowledge and coordination
of friendly locations, are acted upon automatically.

b. Aggregated Acquisitions. Once a maneuver weapon detects a
defender, all weapons in the section have knowledge of the defender.
This could be an implicit assumption of instantaneous intelligence within
the section. However, it is more likely an attempt to aggregate detection
at the section level since the inverse relation also holds true, that is,
once a defender detects, he detects the full section. The net result is
that a section composed of one eiement and a section composed of three
elements would, in the same situation, detect and be detected identi-
cally. This type of aggregation has no basis in fact.
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c. Basic Acquisition Algorithms. The basic IUA procedures for
determining target acquisition are a set of algorithms for which no
empirical basis is known. Three areas are considered: acquisition of
firing targets, acquisition of nonfiring targets, and detection time.
inroughout these discussions, when a detecting nr target weapon is
cited, the same logic applies with no adjustment to an attack maneuver
section.

(1) Detection of firing weapons.

(a) The probability of detecting a firing target (weapon
or section) is computed as:

Pa=1-(1-P) K

where:
PR = probability of detecting the target based on a single firing
N = number of rounds the target (weapon or section) has fired
while maintaining intervisibility to the potential detecting
weapon or section
K = 1 if potential detection weapon (section) is moving
K = 1.5 f potential detecting weapon (section) is stationary.

Each time a weapon (section) fires, all opponent weapons with intervisi-
bility have an opnortunity to detect. The detection is based on compari-
son of a random draw (uniform, O to 1) to Pp. The formulation is
superficially reasonable to the extent that detectability increases for

a stationary observer as a potential target is more active. The formu-
lation, however, is unsound from a probabilistic point of view, both by
the cumulative entry of N and by the aggregated treatment of maneuver
sections. Further, the adjustment factor K is arbitrary. If the input
value of Pgp is at all reasonable, this formulation must lead to excessive
detections.

(b) An alternate formulation of probability of detecting
a firing weapon is found in the IUA version used for a TACOM concept
evaluation supporting the XM815 Tank Program Office. The formulation
used is:
- K
PA-l-(l-fm fS PR)
where:

P = as defined for the original version

= an adjustment for observer motion (data used set fm essen-

m tially to one for ranges out to 1,000 meters)
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T = an adjustment factor of undetermined nature (data used
increase with range, fo = .Uu at 500 meters and f¢ = .35
at 4,000 meters)

N = 1.5 for defender or attack overwatch

n 1 fcr attack maneuver sections.

Tnis formwlation discards the cumulative treatment of rounds, an improve-
ment at least on theoretical qrounds. It is impossible to comment
furtner since the basis of f. is unknown and, from inspection of values
used, this element appears to be the dominant factor in the formulation.
This formulation aqives a significantly lower detection rate than the
original algorithm.

(2) Detection of nonfiring weapons. Visual detection of non-
firing weapons is based on comparison of a random draw to a probability
of detection. The check is made (opportunity to detect) each time an
attacker establishes intervisibility with a defender and when an attacker
with line of sight moves into a new 500-reter range band, starts to move,
or moves to a concealed route. Probability of detection is based on input
tables for probability of detecting a moving or stationary standard NATO
target (7.5 feet square), developed for 500-meter range bands, out tc a
maximum of 4,000 meters. These probabilities may be subject to further
input multiplicative adjustments based on target type, but ground rules
for development of the factors are not clear. In addition to intervisi-
bility status, a number of range concealment and target motion checks
must be passed to provide an opportunity to detect; for example: attackers
must be within 250 meters of their objective to detect any defenders by
this means, any fully concealed defender or attacker on a fully concealed
route cannot be detected by this means, a stationary attacker more than
250 meters from his objective and a moving attacker more than 750 meters
from his objective must be fully exposed for this type of detection to
take place, and in the 250 to 750 meter band a moving attacker may be
detected under partial cover or concealment. The various range criteria
and the basic probability of detection are all based on the range between
an attack weapon (section) and its associated objective point, not true
range between weapons. Movement of the potential detecting weapon is
never considered, except possibly by implication, since the defender
is stationary. The varions factors and critical ranges may be intuitively
appealing, but there is no known empirical basis for this formulation.

(3) Detection times. Given the Monte Carlo determination that
a detection is to take place, the detection by means of a firing cue is
immediate. Detection of a nonfiring target, however, is scheduled to
take place at a future “"acquisition time," if and only if line of cight
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will exist at that time. (Since line of sight is preprocessed, the
model has access to this information.) The model develops this time by
first making a random draw (using an input cumulative distribution table)
for a basic value and then applying a muitiplicative adjustment factor.
The basic value is keyed on whether the target is moving or stationary.
The adjustment is keyed on target type, range band, and whether the
target is moving or stationary. The implied distributional form of
detection times is not clear from review of the model or data tradition-
ally used. The basic times used are larger for stationary than for
moving targets; but adjustment factors, which increase with range in
either case, are greater for moving targets. The net result is that
detection of a moving target is generally faster than detection of a
stationary target, but times increase more rapidly with range for the
moving case, and the two processes tend toward similar values at extreme
ranges.

(4) Critique. The detection algorithms of IUA are weak. A
major problem is the aggregation over attack maneuver secticns. This
aggregation is consistently incorporated throughout the logic but is
not emphasized in available documentation. In the general case an attack
maneuver section, composed of one to three entities, ic treated with
the same logic and data as an individual defender or attvack overwatch
weapon. A second major problem area is incorporation of the detection
logic into the overall model logic. An opportunity to detect firing
weapons is given each time the weapon fires, but the result depends on
a cumulative round count, which is probabilistically incorrect. For
nonfiring weapons determination of whether detection takes place and the
detection time, followed by an intervisibility check at detection time,
appears to be incorrect. The model is apparently treating a set of
unconditional probabilities in a conditional sense, introducing redun-
dancies. Given sufficient time and continued capability, the probability
of detecting should approach unity. Thus, if calculation of a detection
time were appropriate, and the final line-of-sight check were sufficient
to insure continued capability, the initial check on whether detection
takes place would be inappropriate. A third shortcoming is that as long
as the defender does not move, one acquisition of a given attacker or
defender by a given opponent suffices throughout the battle; that is,
intelligence is never lost in the sense that once a target has been
acquired it does not have to be reacquired. It may be temporarily
impossible to engage a target because of lost intervisibility; but once
intervisibility is reestablished, the target can be engaged with no
reacquisition requirement.

d. Intervisibility. Intervisibility is a prerequisite to target
acquisition. The play of intervisibility in IUA, even as improved for
TETAM, is lacking. Room for further improvement is limited, however,
since [UA's portrayal of intervisibility is probably sufficient for the
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uses wade of this information within the model. Since the aggregated
pl. + of maneuver sections is ingrained within the model structure, more
detaried play of intervisibility would be superfluous. One plausible
arca of improvement would be to incorpora.. the concept of concealment
into a terrain preprocessor. The detection rules allow use of the
conceaiment factor along an attacker route to bias a battle. Suppose
that the model is being used to simulate a TH2 tank force closing from
3,000 meters on a TOW position. If it is assumed that the tank commanders
will make maximum use of local vegetation and remain partially concealed
during their movements from 3,000 meters into initial firing positions
at 1,500 meters, and this restriction on the tank routes is input, then
the TOW gunners will be unable to acquire and engage the tanks beyond
1,500 meters. During Trial 34 in the field, ATGMs moved along the edge
of a wooded area into their initial overwatch positions and were not
detected by defensive gunners. Local vegetation was used in the model
to simulate this movement. During Trial 96 IUA base case runs, local
vegetation was not played on any of the attacker trails. An excursion
run was conducted in which attacker platoons were allowed to move into
their initial firing positions along concealed routes. An example of the
resulting change in defender firing patterns can be seen in figure 6-1.
The figure shows the round impact points for IUA TOW 19. Compared with
the base case impact points in figure 5-5, the TOW's opening engagement
rance in the base case of 2,150 meters was reduced td 1,650 meters in
the excursion run. The user must exercise extreme care when playing
local vegetation in IUA, especially if the defensive force contains
TOWs, Shillelaghs, DRAGONs, or other weapon types whose effectiveness
depends on long range detections and engagements.

6-4. FIRING SEQUENCE. The basic sequence involved in firing a weapon

is represented within IUA by a target selection process, time delays for
firing and projectile flight, and assessment of the effects of the firing.
Assessment logic paralleling that used in the TETAM field experiment was
used in this study, and that portion of the IUA logic was not reviewed.
The aggregated treatment of sections noted elsewhere does not appear in
the firing logic.

a. Target Selection. Target selection in IUA is based on a
relatively simple target priority and selection rule scheme.

(1) for each firer, each potential target type has an intrinsic
Jriority ranging from 0 to 5. Five is the highest priority, and a zero-
priority target will never be engyaged. These values are input. The
effective priority of a target is the sum of intrinsic priority plus 3 if
the target is associated with the same axis of advance as the selecting
weapon plus 1 if the selecting weapon is an attack maneuver weapon and the
target is associated with that weapon's route. (Effective priority is
zero if intrinsic priority is zero.) The axis weight appears to be
meaningless since detection logic inhibits any off-axis detections.
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(2) In the absence of a current target, a selecting weapon
en,.yes the highest priority target for which it has appropriate ammuni-
tion from the group it has acquired that are not already selected by
weapons in the same sectiocn (if the selecting target is an attack
maneuver weapon) or by weapons covering the same axis (defender weapon
seiecting). Lacking such a target, the highest pricrity available target
being engaged by the same section or on the same axis will be selected.

(3) If the selecting weapon already has a target, it will shift
to a higher priority target not already assigned to a cooperating weapon.
Lacking such a higher priority target, the currently assigned target is
retained, unless the weapon is no longer to engage because it is out of
appropriate ammunition. In that case, the shift is to the highest
priority target already selected by a cooperating weapon. It appears
that weapons of priority equal to or lower than that of the original
target but not selected by cooperating weapons are missed by a logic
oversight.

b. Keying Target Selection. A weapon has an opportunity to select
targets in every instance where, by overall model logic, selection would
be possible; that is, on every acquisition, on completion of any firing,
and whenever a firing sequence is interrupted. Additionally, for a
defender, opportunity to select is available when line of sight is
established with a previously acquired target and, for attackers, on
arrival at a firing point, on initiation of a segment where moving fire
is allowed, and on gaining intervisibility on a moving fire segment.

c. Line-of-Sight Checks. The firing sequence is appropriately
halted by line-of-sight interruptions at selection time, at firing
time, and, if the projectile is guided, at impact time.

d. Calculation of Delays. Upon target selection and the implicit
decision to fire, delays are computed to allow scheduling of a firing
event and, after projectile flight, an impact event. The flight time
comes from a simple calculation based on projectile velocity. Calcula-
tion of firing delay times, however, is more complicated. Response time
is the sum of a variable and a fixed response time component, under the
constraint of a minimum allowable response time. The basic assumption
appears to be that the variabtle component is lognormally distributed.
Median response times for initial and subsequent rounds must be provided
as input for each weapon by range to target bands. To this value, a
multiplicative "correction factor" is applied if the target is moving.
If the target is not moving, a difference correction factor is applied
if the firer is moving. (The inability to apply both correction factors
is not inconsistent since a moving defender in IUA can neither fire nor
be fired upon. Thus, it is impossible for target and firer to move at
the same time.) The distribution appears to have a constant deviation
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assumed, since random selection about the median is accomplished by the
technique of entering a single cumulative distribution table for the
lognormal. All variables. that is, the median response, correction
factors for target or firer motion, the additive fixed response, and
minimum response are required data for each firing weapon round type,
tor first and subsequent rounds, and for incremental ranqge bands.

This formulation places the weight of validity on the data developer.

e. Use of Delays. The application of delay times, calculated as
discussed above, is questionable in IUA. The most serious probiem is
the fact that since initial round delays are generally smaller than
subsequent round delays, a weapon tends to shift fire to a new target
upon either killing or ceasina fire at a previous target much more
rapidly than it fires a second round at the original target. This
condition is partially due to the fact that there is no way to input a
delay time for the crew to assess the effects of its fire except by
incorporating it into the subsequent round delays. Additionally, target
selection is, for all practical purposes, instantaneous.

7. Result of Partial Kills. A highly questionable treatment of
partial kills (mobility only and firepower only) was noted. For any
partial kill other than a mobility only kill to a defender, the weapon
essentially disappears from the battlefield. This is also the case
for weapons that run out of ammunition since these weapons then are
treated as firepower kills.

g. Critique. The target selection logic of IUA and its incorpo-
ration into the model is simple and direct, as are its data requirements.
The logic could be made more complicated, but there is no apparent need
to do so considering the lack of sound supporting detail in other
portions of the model. On the other hand, the calculation and use of
firing delay times are obscure, although the program logic is simple. This
obscurity is due to the apparent lack of any documented basis for the
treatment embedded in the model and the lack of available gquidelines
for the data developer. No documented basis has been found for the use
of a lognormal distribution or the assumption of different median times
but constant variation over various conditions. Further, the user is left
to his own devices in deciding what conditions should be considered in
providing the various time components, correction factors, and minimum
times. Finally, the treatment of partial kill categories is obviously
incorrect. Weapons suffering firepower kills can still move, detect,
and be targets. Weapons suffering mobility kills can still detect, fire,
and be fired upon. There may be an implicit assumption that the crews
of weapons suffering such damage cease to function, but even in this
case the vehicles still remain as targets on tne battlefield.
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v=Y. . RRORS IN THE MODEL. Several coding errors were discovered during

th waed validation. Some were traced to errors introduced while the

mode « vas undergoing various modifications at CACDA. llowever, three of

the coding errors causing substantial logic changes in the model were

fo .nd in all CACDA versions including the original Lockheed version.

These errors were corrected before the TETAM validation runs were conducted.

a. Etrrors in Subroutine LOS.

(1) Two of the errors were found in the terrair processor program,
TERVAR. The IUA terrain is represented by a series of adjacent triangles,
each having different slopes. Heights of dense forests covering the
triangles are also input with each triangle. The coding errors occurred
in subroutine LOS. In this subroutine intervisibility between a potential
firer and a target is determined by passing a ray between the firer and
the target locations. The model then moves along the ray comparing its
altitude with the altitude of points on the edges of the terrain triangles
that are intersected by the ray. If the comparison shows that all
terrain points fall below the ray, then line of sight is assumed to exist
between the target and firer. The first error was found in the method
used to move along the line-of-sight ray. If the ray passed over the
vertex of several triangles, the model attempted to move into the triangle
containing the ray by adding AX and AY to the coordinates of the vertex
(where the values of AX and AY are 1 x 107%). This method did not work for
one of the TETAM tank trails. The method caused the model to move into
a triangle not containing the line-of-sight ray. This problem was
corrected by adding aX to the X-coordinate of the vertex and calculating
a new Y value using the slope of {ie line-of-sight ray.

(2) A second error was fcund in the method used to calculate

vegetation height. As the line-ov-sight ray crosses the edge of a

f triangle containing dense vegetation, the height of the ray is compared

1 with the terrain altitude plus the vegetation height at that point.
The vegetation heinht was calculated by averaging the input heights for
the current triangle and an adjacent triangle. If the adjacznt triangle
nas no vegetation and the current triangle contains a dense forest, this
iogic results in the forest vegetation being played at one-nalf the height
specified by the input data. This averaging process was deleted from the
model so only the vegetation heights input for each triangle were used
during calculation of line of sight acCross that triangle.

b. Errors in Subroutine ASSIGND. The times required for a defender
to respond to a target by loadina, pinpointing, and firing a round are
calculated in the IUA main battle model by subroutine ASSIGND. The re-
sponse times are calculated for engaging stationary targets. For moving
targets the stationary response times are multiplied by a factor repre-
senting the increased difficulty in pinpointing the target. The variable
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Fre] 1s currently being used as the pinpoint factor for defenders
vngaging moving attackers. [t should be changed to RTKRT, which contains
tie correct defender response factor. Correction of the errors described
above resulted in substantial changes in model results. Any version of
the IUA battle model and the terrain processor should be checked for
tiese errors before use in any study effort.

6-6. SUMMARY.

a. The following observations are based on detailed comparisons of
IUA and Experiment 11.8 results for Trials 34 and 96.

(1) The battle outcomes observed in IUA are not contradicted
by field trial results. This finding applies to the Trial 34 excursion
runs, made with adjusted firing rates, and the Trial 96 runs in the
sense that the field could be said to be a realization of the same
populations represented in IUA results. However, these general outcomes
occur in distinctively different patterns in the model when compared
to field results.

(2) The greatest discrepancies between model and field results
can be traced to flaws in the model representation of intervisibility.
These flaws can be defined further as cases where the model clearly
blocked Tine of sight that was known to exist in the field. Less clearly
defined but more prevalent is the poor representation of the effects
of vegetation.

(3) Model logic that leads to the treatment of various partial
kills (mobility only, firepower only) by removing the partially killed
vehicle from any further consideration as a potential target or firer
is incorrect. This logic contributes to an overstatement of the
capability of weapons on both sides to engage sequentially a number of
targets and probably is biased to favor the defender.

(4) The overstatement of ability to engage targets sequentially,
cited above, is further amplified by the model's Tack of consideration
of any damage assessment delays or uncertainties.

(5) A uniform tendency of attackers to produce effective return
fire rapidly is apparent in the IUA runs but not in the field.

(6) The IUA target priority rules do not allow portrayal of
coordinated opening fire tactics apparently used in the field, nor can
the model reproduce the sporadic engagements of ICVs noted in the field.

b. A high level of IUA replication (more than 10 replications) is
needed to develop satisfactorily stable results.
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CHAPTER 7
FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS
7-1. GENERAL.

a. This chapter summarizes the findings and conclusions of the TETAM :
Model Verification Study pertaining to the degree of fidelity with which
DYNTACS and IUA represent essentials of the type small unit actions
investigated in Field Experiment 11.8 and identifies recommended areas
for model improvement.

b. The model investigations of this study were limited to model
portrayal of small unit tank-antitank engagements and the associated
interchange between direct fire weapons. Various additional aspects of
the models or field experiment, such as the protrayal of aerial and air
defense weapons, indirect fire weapons, minefields, or reduced visibility
conditions were not reviewed in this study.

c. For each model, a summary of findings and conclusions s pre-
sented covering the following general topics: overall battle outcomes;
portrayal of intervisibility; portrayal of target acquisition, combat
intelligence, and communications; portrayal of tactical movement; and
portrayal of target assignment, handoff, engagement, and kills. Recom-
mended areas for model improvement are identified, and attempts are made l
to assign priorities on the dual criteria of estimated payoff in terms |
of improved model fidelity and relative estimated levels of effort re-
quired to accomplish the change.

7-2. DYNTACS FINDINGS.

a. Battle Outcomes. Results from the two field trials could be
viewed as samples from the respective outcome sets of 10 DYNTACS
replications, with the following limitations:

(1) DYNTACS defender weapons consistently engaged and killed the
unarmed threat ICV, which were generally ignored in the field. It would
be possible to prevent model engagements of the ICV, or to 1imit them on
a range basis, but it would be impossible to portray the sporadic engage-
ments noted in the field.

(2) The DYNTACS base case runs for Trial 96, when compared to
the field outcome, consistently overstated the survivability of the
attacking force. This result can be traced to an exaggerated ability of
the attack weapons to detect and kill rapidly the key defender weapon in
the field, in this case a TOW. With the decreased detectability of firing
weapons investigated in the Trial 96 excursion runs, the field outcome is
represented in the set of model ovutcomes.
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L. Intervisibility and Associated tnvironmental Representation.

(1) A conclusion of the follow-on intervisibility study, reported
i .ulume 1T, was that the independent factor treatment of cover (as
Jrovided by the landform and major forest-type vegetation) and concealment
(a4 provided by vegetation close in to a target) did not permit a reason-
al v portrayal of detection opportunities. An alternate procedure, which
renvved this differentiation, showed promise in that investigation and
was used in the DYNTACS runs reported here.

(¢) A continued intervisibility problen was manifested through
consistent patterns of wodel firings into areas where field firings,
player debriefings, and positional review indicated a general inability
to acquire and engage targets or, conversely, through a lack of model
acquisition or firings in areas where field firings took place.

(a) Review of the detailed model and field data generally
indicated that where firings occurred in the field they could be carried
out in the model. Exceptions were noted in several instances where
model firings seemed to lag field firings. In the field, when an
attacker broke out of a tree line he was almost immediately engaged by
a defender, indicating that some of the vegetation in the field permitted
detection but inhibited firing. In the model both detection and firing
were inhibited in the sense that sufficient visibility for engagement
is assumed if detection can take place. Several other instances of field
firings unmatched by the model firings were noted but were explained by
con?istently early loss in the model of the weapon that fired in the
field.

(b) Numerous instances of model firings where there was no
firing in the field were noted. Most of these firings were model firings
at the ICVs, which provided no useful information on intervisibility
since field defenders tended to ignore the unarmed ICVs. The remaining
unmatched model firings fell into two categories, occasional firings by
a given weapon in an area (one or two occurrences in the 10 replication
set) or consistent firings into an area (repeated over most replications).
The occasional firings into an area may be explained by intermittent
patches of intervisibility, typical of the area in which the experiment
was conducted, to which a defender might get a chance shot on occasion.
The fact that a model defender gets the shot, but only on occasion, and
the field gunner did not get the shot in his one chance may be inter-
preted as supporting the validity of the model representation. Consis-
tent firings into areas where no field firings took place were noted
ir. three instances (by both DRAGONS and ore TOW in Trial 96). In two of
the instances (the DRAGONS), the weapons had been killed at an earlier
stage of the field trial, thus allowing no inferences as to whether
intervisiblity would have taken place in the field. In the third
instance the field weapon was silent throughout the trial, apparently
indicating total blockage from the axis of advance. In the model, this
weapon fired into two well-defined firing zones along one edge of the
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axis of advance. The most probable explanation is that the model weapon
hiad a slightly greater fan of coverage due to poor portrayal of terrain
in the vicinity of the TOW's position. Another possible explanation

is that the field weapon failed to pick up the targets as they passed
through these zones (this happened in the model on 5 of the 20 Trial

96 base case and excursion runs).

(3) Based on the points discussed above, there is no conclusive
evidence to indicate a serious shortcoming in the DYNTACS portrayal of
intervisibility.

c. Intelligence and Communication.

(1) The sole function of the communications model in DYNTACS is
to pass target information among elements. Under this limitation, the
functioning and structure of the DYNTACS communications module appears
to be reasonable. However, there is no portrayal of movement and fire
control dependence on communications. The implicit assumption that these
control functions are not limited by communications is contradicted by
Field Experiment 11.8.

(2) There is no way to generate false targets in DYNTACS.
Firing at false targets is a real-world phenomenon and is a partial
explanation of the unpaired firings in Experiment 11.8, which constituted
over half of the attacking force's firing activities.

(3) An individual element has one of four levels of knowledge
of each enemy element: none, general area, full, or pinpoint. Weaknesses
are notable in treatment of the general area and pinpoint levels. The
pinpoint level was originally defined as being present when an element
could lay its weapon on the firing signature but had no clear view of a
target; however, there is no longer a clear definition of pinpoint know-
ledge as currently used in the model. This lack of clear definition may
not be a serious problem, but the model logic that causes firing at such
a target is invalid for an antitank guided missile. Treatment of the
general area level of knowledge may be invalid in that this level of
knowledge never detericrates.

(4) Fire control and movement control logic depends upon
implicit assumptions of the general state of knowledge that appear un-
founded. Full knowledge of the status and position of a1l friendly
elements is assumed by the model. Additionally, knowledye of all enemy
kills 1is instantaneous in that a "dead" target will not be detected,
will not be fired at, and will not affect movement control decisions.

(5) Incorporation of intelligence into the event sequencing
logic of the overall nodel is weak, particularly in the timing relation
between detections and intervisibility checks and between actections
and any action taken upon a detection.
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d. iaryet Uetection. Target detections in DYNTACS are made through
fuur prucesses: random detections bLased on visual search, detection

ve' vu ool firing cues, detection based on an intensive visual search of
Liw wrea about a newly detected or fired upon target, and pinpoint

detections.,
(1) Random visual detections.

(a) The key portion of the algorithm used to represent random
detections by visual search is the determination of detection rates. This
determination is based on empirical data but is suspect because of the
limited conditions under which the data were gathered and the inclusion
of a highly subjective “terrain complexity" factor in the formulation.

(b) The visual search algorithm is based on an assumption
that search is conducted over the full 360° circle, with emphasis along
a primary axis of observation. Although this assumption may be a
reasonable general approximation for attacking weapons, it was clearly
invalid for the defending weapons of the TETAM experiment. The basic
problem is that the procedure for determining where a search is concen-
trated does not consider Timitations on the field of view forced by
either tactical considerations or physical blockages. In the field
experiment, for example, it would have been impossible for many of the
defender weapons to detect anything to their rear because their backs
were to distinct terrain features. In fact, frequent instances were
noged where a defender's fan of obs2rvation was blocked to well under
v0o.

(c) The assumption of a search sector is cancelled out for

a target about which the observer has general area knowledge. In this
case, the nmodel assumes that the observer will look in the target's area.
Since general area knowledge never deteriorates, this assumption holds
true regardless of how long it has been since the target was seen and

f regardless of how far the target may have displaced. Additionally, as a

) vattie progresses and this general area knowledge of individual targets
vulids up, the individual observer is portrayed as scanning the correct
sectors for more and more targets with no time limitation.

(d) When the two treatments of search sectors discussed
above are considered jointly, it appears that the model may understate
detections in the early stages of a battle because of overly dispersed
search sectors and may overstate detections as the volume of general
area intelligence builds up. This problem is potentially serious in a
situation with large forces.

(2) Firing cue detections. The assumption is made in DYNTACS
that weapons firing is such a distinctive cue that any unconcealed
weapon that fires will be detected immediately by all observers who have
a clear Tine of sight to that weapon. The TETAM field experiment
indicates that this is an invalid assumption.
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(3) Intensive area search. The assumption is made in DYNTACS
iat upon detecting or firing at a target a weapon's crew, by virtue of
concentrating its attention in the target area, will detect all other
detectable targets in that areca. There are two significant problems
with portrayal of this type detection.

(a) The size of the immediate area about the original target
is required as input data. Since there is a lack of empirical data of
this type, the data used must be subjective. Given a sufficient body of
data, the model would probably have to be expanded to consider crew size
and the optical field of view of devices used to search this near area. I

———

(b) The intensive area search will take some time and con-
centrated effort on the part of the weapon crew, thus temporarily
detracting from their ability to detect in other areas. This detraction
is accomplished on completion of an intensive area search by disallowing,
for the duration of the model observer's current event, any further
random detections of targets previously unknown to the observer. This
representation is inadequate for several reasons. First, duration of a
current event is an arbitrary period of time. Second, detection of any
target by firing cues and of targets for which the observer has general
area knowledge by random search progresses unimpeded. Thus, in the early
stages of a battie, with relatively low firing levels and general area
intelligence levels, the intensive area search may prevent a number of
potential detections. However, as the battle progresses and the levels
of firing and particularly levels of general area knowledge build up,
intensive area searches will have a progressively lesser impact on ability
to detect other targets.

(4) Pinpoint detections. Pinpoint detections are accomplished
when a crew lays its weapon on the firing signature of a targat but has
no clear visual picture of the target because of concealment. With the
revised treatment of the environment used for TETAM (discussed in para-
graph 7-2b) the associated concealment concept required for this type
detection was lost. Thus, for the TETAM investigation, the ability to
portray pinpoint detections was sacrificed to attain a more coherent
envirenmental representation.

e. Tactical Movements. Tactical movements are portrayed through
the movement controller and the movement modules of DYNTACS. These
modules are generally well conceived and implemented. Certain short-
comings and areas for improvement exist.

(1) The level of information available to a maneuver unit
leader appears to be excessive.

(2) The strict adherence to geometrically patterned formations
embodied in the model is contradicted by behavior in the field experi-
ment. Individual weapons should have greater flexibility to take
advantage of local cover and concealment. The model adherence to forma-
tions also implies a degree of control (or effective battle drill) that
was lacking in the field experiment.
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(3) There is no apparent way to portray local chokepoints such
gy river fords or road ensbanknents.

(47 The mobility representation is so highly detailed that it is
out of balance with the rest of tne model.

f. Firing Se%uenqg_, The general ~epresentation of weapons firing
sequences n ‘ appears to be satisfactory except for treatment of
target selection or assignrent. Additionally, as noted in the next
paragraph, incorporation into the event sequencing logic is faulty.

(1) The level of intelligence assumed available for target
selection is excessive.

(2) The target prioritization algorithm used for target selection
is obscure. The typical model user would have difficulty in providing
input data that would clearly portray his intentions.

(3) There is no opening engagement logic, nor is there any
mechanism to portray reconnaissance by fire, firing at suspected target
locations, or suppressive fires.

g. Additional Problems.

(1) Event sequencing. The event sequencing logic of DYNTACS is
particularly weak in the time-phasing of intelligence and related
activities. Additionally, sequencing of the firing and assessment logic
can allow "dead" weapons to fire. In general, the definition and phasing
of events throughout the model is questionable.

(2) Individual and crew performance. The individuals and crews
simulated in DYHTACS perform their roles noticeably better than those in
the field experiment. This is a reflection of the inability of models
to consider the state of training and morale of individuals. However,
in the experiment, attacker performance broke down to a greater extent
tiun did defender performance. This indicates that for the attacker,
who has to move, one activity, such as picking a route and moving, may
degrade another, such as finding targets. Generally, models do not
consider this kind of interaction between activities. Rather, each
action is viewed as an independent event.

7-3. DYNTACS CONCLUSIONS.

a. The basic ground weapon modules of DYNTACS, with intervisibility
and detection modifications made for TETAM, produce a credible portrayal
of the type battles considered in Experiment 11.8 both in terms of
overall battle outcome and in terms of the general development of the
battle.

b. The major weaknesses of UYNTACS are in its event sequencing
logic and in its intelligence module.
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(1) The event sequencing logic lacks sufficient resolution in
wefinition of events and, consequently, sequences critical events poorly.

(2) The intelligence module is Timited to explicit portrayal of
target detections, with excessive levels of both friendly and enemy
intelligence assumed fcr movement and fire control functions.

(3) Levels of knowledge about a target are poorly defined and
poorly integrated within the model. In particuiar, the genera’ area and
pinpoint levels of knowledge lack clear definition; and general area
knowledge never decays.

(4) Portrayal of detections by firing cues is based on an
incorrect assumption and is invalid.

(5) Portrayal of an intensive area search is driven by subjective
input and lacks proper accounting for time spent in this detection mode.

(6) Portrayal uf general secarch areas is overly simplistic in
that it lacks consideratiun of restricted fans of observation and can be
driven by the definition of general area knowledge.

(7) The basic Aetection algorithm used in a general area search
mode is derived from two disparate experiments.

c. Secondary weaknesses exist in the firing module .n that there is
no opening fire logic or mechanism to cause “econnaissance by fire,
firing at suspected target positions, or suppressive fire. Additionally,
the definition of target priorities is overly complicated.

d. Secondary weaknesses also axist in the movement model in the
strict geometric interpretation of tactical formations and in the inability
to portray local chokepoints to movement.

7-4. RECOMMENDED DYNTACS IMPROVEMENTS.

a. Priority I. The following changes to DYNTACS were demonstrated
to be appropriate and should be implemented immediately.

(1) The detection of a weapon by firing cues should be treated
as a random rather inan an assured prccess, which is a simple logic
change. Reasonable estimates of the probability of such detectionc
should be obtained from the TETAM experimental data, pending a more cohesive
experimental investigation of detection.

(2) A stochastic treatment of vegetation, similar to that used
in TETAM, should be inccrporated into the model. The TETAM modification
was preliminary in nature, aid a treatment should be developed that
fits more clearly into the overall model logic.
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Priority II. A less confusing target selection scheme should be
deveiuped to insure that the user's intentions are reflected meaningfully.

.. Priority I11. The following areas of improvement have a high
priority “because of their serious impact on model validity, however, they
ipiy substantial resource expenditures.

(1) The entire intelligence module should be reviewed and
inproved. Controlled experimentation is indicated in many areas, for
exanple, better definition of the area of intensive search, better
definition of overall search patterns, time required for an intensive
area search, discrimination of areas where detection is possible but
weapon firing may be impossible, the impact of general area knowledge
on search patterns and deterioration of such knowledge, pinpoint detec-
tions as a distinct entity, and the existence of false targets.

(2) The incorporation of intelligence with the event sequenced
10gic should be reviewed in an attempt to make intelligence track more
closely with intervisibility and to represent more clearly the time
relationship between detection and target selection.

(3) The event sequencing logic should be revised to allow
greater resolution and definition of distinct events; for example, an
appropriately timed round impact event would remedy the firings by dead
weapons noted in the TETAM runs.

d. Priority IV. The following areas should be considered for
modification. They would contribute to improved validity, but they are
substantial model expansions, and the benefit derived might be out-
weighed by resources required and increased model complexity.

(1) The communications model should be expanded to carry
meaningful tactical traffic and permit conSIderation of the implications
of communications on tactics.

(2) The movement model should be revised to allow individual
elements some leeway within prescribed formation to take advantage of
local cover or concealment.

(3) The movement model should be expanded to allow portrayal of
chokepoints, such as river fords.

(4) The firing module should be expanded to permit firing at
suspected locations, reconnaissance by fire, and suppressive fires.

7-5.  TUA FINDINGS. In the following discussion of IUA findings,
reference is made to "standard data." In the original development and
application of IUA (for the TATAWS study) an exhaustive data base was
produced. Many areas of the model are proarammed at a high level of
generality, depending on input data to provide specificity on such details
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as forms of distributions from which to sample. Ensuing applications nhave
relied heavily on the original data base for this information. Thus, for
typical applications of IUA, the program logic as elaborated by the
"standard data" corstituted the model that is used and the model that was
investigated for TETAM.

a. Dattle Qutcomes. Overall outcomes of the two field trials were
consistent with TUA results except for excessive model kills of the attacker
ICVs. Consistency in Trial 34, however, was attained only after downward
adjustment of defender firing rate data.

(1) The tendency of nodel defenders to engage and kill unarmed
threat ICVs at a higher level than was noted in the field is not detri- |
mental to ability to kill other targets. The ICVs were essentially
ignored in the field.

(2) Trial 34 was a one-sided battle. The excessive rate of
activity, which required adjustment in Trial 34 for agreement with field
results, was also present in Trial 96. Trial 96, however, was a more
even two-sided battle, and excessive activity rates on both sides tended
to cancel out insofar as overall battle outcome was concerned.

(37 Arrival at the nominally "correct" battle outcome through
compensating errors, such as excessive activity rates on both sides

tending to cancel, may be the standard behavior of IUA. It is questionable
that the same battle was represented in the model runs and the field
trial.

b. Intervisibility and the Associated Environment.

(1) The major shortcoming of IUA's portrayal of intervisibility
is its extreme oversimplification. The invalid assumption that all
defenders in a given area have identical intervisibility was corrected
for TETAM. An equally gross simplification is made for attackers,
whereby all vehicles associated with a route (up to six) have the same
intervisibility as they pass a given point on the route. This repre-
sentation accounted for almost half of the firing inconsistencies
between the field and the model. Additional oversimplifications in areas
of the model not used for TETAM are the assumption that attack overwatch
weapons or defenders, when moving, are fully masked from the enemy and
that overwatch weapons nave intervisibility to all defenders.

(2) Concealment in IUA is input as a descriptor of attack
routes. This representation has several shortcomings. Since vegetation
is accounted for both within the terrain data and by this means, there
is a lack of coherent treatment. Concealment is treated as blocking
to random detections but as not hindering detection of firing cues or
of firing. This treatment does not allow for portrayal of regions of
intermittent visibility such as that in which the field trial took place.
Further, it is one-sided in that it affects only a weapon's detecta-
bility and not its deteciion capability. Half to two-thirds of the
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firing inconsistencies noted in the TETAM runs could be traced to the
viodel's treatment of concealment.

.. arget Detection and Intelligence. [xplicit portrayal of
inweliigence in TUA 1s limited to target detections. Uhere novement
and fire control decisions imply knowledge beyond that gained Ly indi-
vidual detections, the needed information is assumed avaible.

(1) Target detections are represented through algorithms to
portray the detection of firing weapons and of nonfiring weapons. The
algoritnm for detection of firing weapons is probabilistically incorrect
since it uses a single independent event formulation upon firing of
individual rounds yet treats these rounds in a cunulative manner. An
alternative formulation does not contain this error but introduces an
inadequately defined adjustment factor. The algorithm for detection of
nonfiring targets includes a two-step Monte Carlo determination, first,
of whether a detection occurs and, second, of detection time. This
forumulation is unsound because of logical redundancy. Additionally,
both determinations depend upon input data for which no satisfactory
definition has been found.

(2) Both detection algorithms are made to apply, with the same
data, to detections by and of individual defender or attack overwatch
weapons and to detections by and of attack maneuver sections composed
of one, two, or three weapons. The aggregation to sections is incorrect.

(3) Once a target has been detected it remains detected through-
out the battle. A target may be unengageable for some period of time
due to loss of intervisibility, but once intervisibility is reestablished,
regardless of how long the target has been masked or how far it may have
moved, it is instantly redetected and engageable.

d. Movement. Explicit portrayal of movement in IUA is limited to
the movements of attack maneuver sections. Movement of these sections
is assumed to take place at the maximum vehicle speeds possible in the
terrain being used. Movement paths are determined by the nodel user.
A11 movement is deterministically scheduled by a movement preprocessor
and is independent of the dynamics of the situation. In addition, the
movement of attack overwatch and defender weapons is artificial and not
explicitly portrayed.

{1) Results of the TETAM field experiment contradict the
assumption that vehicles move at their maximum capabilities.

(2) Aside from a stereotyped treatment of fire and movement, as
conducted by two sections on a given advance route, there is no meaning-
ful portrayal of tactical maneuver in the model. There is an attempt
to ccordinate movement between routes, but it is independent of the
dynamics of the battles and can lead to such actions as having several
sections hold at a phase line until other sections, which already have
been killed in the battle, would have reached the line according to the
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precalculated movement schedule. In the same vein, fire and movement
Lounds will be conducted by one section as scheduled even if its
conpanion section has been killed.

e. Firing Sequence.

(1) Target selection in IUA is driven by a simple priority
scheme. Considering the general level of representation in the model,
this scheme is adequate.

(2) The calculation of tine delays associated with firing in
IUA is straightforward, however, it requires input data undefined in
available model documentation. The typical user would probably rely
on the available "standard data" without appreciating its significance.
Time delays are poorly applied. In particular, when "standard data"
are used, the model shifts fire to a new target much more rapidly than
it fires subsequent rounds at an original target.

(3) Firepower only kills for all weapons and mobility only
kills for attackers are treated as total kills in that a weapon
suffering such partial kills is removed from the battle.

(4) For vehicles that must stop to fire, firing may only take
place from positions specified by the user.

7-6.  TUA CONCLUSIONS.

a. IUA is capable of developing the same general outcomes seen in
the Experiment 11.8 trials investigated. The dynamic development of the
IUA battles, however, is not similar to the field battles.

b. The greatest weaknesses of IUA lie in its inability to deal with
the dynamics of a battle, its extreme oversimplification of tactical
movement, and its aggregated treatment of maneuver weapons.

c. The treatment of intelligence in IUA contains probabilistically
incorrect formulation in each target detection algorithm found in the
model and is based on a series of invalid or questionable assumptions.

d. Application of delays associated with firings in IUA are
incorrect, and the data generally used to calculate such delays are
contradicted by field experiment results.

e. IUA data requirements, particularly those involved in detection
and in firing delay computations, are inadequately documented to permit
valid data development.

f. The applicability of IUA is Timited to gross firepower com-
parisons of relatively small ground weapon forces.

7-11
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7-/. ITUA RCCOMMENDATIONS.

a. General. Many of the shortcomings of IUA are limitations rising
fiwn the overall design of the model. The use of a deterministic pre-
provessor to schedule all movement and major tactical decisions prior to
actual sinulation of the battle mitigates against dynamic portrayal of
iwvenent or tactics, which, in turn, implies that IUA cannot, without
tota: redesign, be a reasonable tool for any applications except the
yross comparison of force firepowers. The various lesser modifications
reconnended below will allow the use of IUA as a gross firepower com-
parison tool, with improved assurance that results are reasonable, but .
will not support use of the model for more detailed investigation.

b. Recommended Modifications.

(1) Priority I. The following sinple changes to the IUA
intelligence logic are recommended to correct inconsistencies.

(a) The cumulative treatment of firings in the algorithm
to determine detection of firing weapons should bc removed.

(b) The redundant probabilistic treatment of detection of
nonfiring weapons should be corrected by removing the original deter-
mination of whether a target is detected.

(c) Intelligence of a target should be allowed to
deteriorate, calling for redetection, after line of sight to the target
has been interrupted for a significant amount of time. Definition of
significance must be subjective.

(2) Priority II. Portrayal of the firing sequence should be
redefined to incorporate a reasonable delay upon selection of a new
target after defeat of or upon shifting from an original target.

(3) Priority III. As a follow-on to the Priority I changes
listed above, research should be conducted to establish a detection time
distribution adequately keyed to pertinent target parameters, such as
size, and to establish in objective terms a period of lost intervisibility
after which redetection will be required.

(4) Priority IV. The generally used data base, particularly
in the area of delay times, should be reviewed in light of the TETAM
experiment as a first step to devoloping more reasonable data. Follow-
on controlled experimentation will also be required to substantiate
most of these data.

(5) Priority V. Further research on the movement of vehicles in
a tactical situation is required. TETAM results indicate that the IUA
assumption of movement at maxirum speeds is invalid, but the results do
not provide a sufficient basis for development of alternative treatments
of movement.

7-12
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(6) Priority VI. These changes approach drastic restructure
of the model and should be undertaken only after due consideration of
tie potential benefit in light of resource requirements.

(a) Aggregated treatment of maneuver sections should be
replaced by treatment of individual weapons. This modification implies
incorporation of a meaningful tactical formation within the section and
individual treatment of intervisibility.

(b) Appropriate treatment of weapons suffering mobflity only
and firepower only kills us continuing targets and potential firers should
be added. This modification involves restructure of the interface with
scheduled movement as well as the disaggregation of sections called for
above.

(c) A means should be developed to incorporate all terrain
characteristics into the model terrain portrayal rather than allowing the
developer of tactical input to specify concealment and soil character-
istics along the route.

c. Additional Recommendations.

(1) The logic for portrayal of overwatch weapons and movement
i defenders should not be used. These movements should be portrayed
ixplicitly or, for overwatch weapons, through delaying barriers as was
cone for TETAM. Development of explicit movement logic is of question-
atle value when the inability to portray dynamic tactics is considered,
and an inability to move defenders might well be accepted as a basic
model limitation.

(2) Use of IUA preprocessors to support other models should be
a subject of critical review. These preprocessors have been used in
coordination with mrre sophisticated treauments of firepower, such as
in Bonder IUA, to provide tactical credibility. Considering the invalid
movement rates, aggregated treatment of maneuver sections, and sterile
tactics of the preprocessors, such applications may be patently
incorrect.

i



LS

APPENDIX A

MODEL INPUT IDENTIFICATION AND SPECIFICATION




APPENDIX A
MODEL INPUT INENTIFICATION AND SPECIFICATION

A-1. PURPOSE. This apvendix contains an identification and discussion
of input data elements requirad by the NYNTACS and IUA models. Infor-
mation is limited to the basic nround combat nortions of these models
used for the TETAM Model Verification Study. The appendix was prnduced
to provide the reader an aporeciation of the data development effort
required to operate the models and as an aid to future users of these
models.

A-2. ORGANIZATION. Annex A-I describes data requirements for DYMTACS,
and Annex A-II contains analogous information for IUA.

A-1
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ANNEX A-I

IDENTIFICATION AND SPECIFICATINN OF DYNTACS INPUTS

1. PUPPNSE. The purpose of this annex is as follows:

a. To report the results of research performed in identifyina the
input data requirements of the DYNTACS model and the principal uses of
each of these data elements within the model.

b. To outline the approach taken in attemptina to specifv suitable
values for each of these inputs so that meaninaful comparisons between
model and field trial response data could be made.

2. SCOPE. The input data described in this annex are comprehensive
only in the sense that all data required by DYNTACS in simulatine the
activities of Subphases IIIB and IIIE of CDEC FExperiment 11.8 are
described. Only tank and antitank missile weapons were included in the
ITIB and IIIE field trials; no play of automatic weapons, hand-held
antitank rockets, minefields, indirect fire support, attack helicopter
operations, air defense operations, or tactical air support was included.
A1l the trials of these two subphases were conducted durinag dayliaht hours
and under conditions of aood visibilitv. Although DYNTACS possesses
substantial capabilities with respect to several of these other aspects
of combat, no attempt was made to include descriptions of model inputs
other than those required for the Subphase IIIB and IIIE scenarios. MNo
attempt was made to include descriptions of the approximately 175 work-
ing arrays for which computer storage must be allocated through input
data, since these variables reauire no substantive input data.

3. CONTENTS. The model inouts are arouped into three functional cate-
aories: (1) Definition of Battle Entities, (2) Tactical Scenario

Data, and (3) Weapon System Performance Data. Various subcateqories are
established within each of these major arouninas, with a tabie being
devoted to all inout data applicable to each subcategory.

4, APPLICABILITY. The information contained in this document describes
applicable portions of the DYNTACS(X) model as improved by the DYNTACS
Task Force supportinag the HELLFIRE Cost and fperational Effectiveness
Analysis (1975). This version of the model contains a substantial num-
ber of improvements not present in earlier model versions. In aeneral,
the "Base 4" edition of this version was used for the NYNTACS work,
although selected chanaes from Tater editions were incorporated as they
emerced from the NYNTACS Task Force when they seemed to represent
obvious improvements to the basic qround aame. For example, an improved
scheme for establishing taraet priorities and a chanae establishina

A-1-1



nositive control throuah input of the amount of cover available to
dereader weapons were both integrated pricr to production model runs.
Thus, some of the information contained here represents a significant
departure from descriptions found in the model documentation published
during the period 1963-1971.

5. PEFERENCE. This document does not include the actual numerical
vaiues specified as input for these field trial scenarios or a detailed
description of the necessary model modifications. This detailed infor-
mation is on file in the Combat Operations Analysis Directorate of the
Combined Arms Combat Developments Bctivity, Fort Leavenwurth, Kansas.

e =

6. [IMPUT DATA TABLES. The tables included in this annex are listed
below for easy reference,

A-1-1 Identification of Battle Entities

A-T- Tactical Scenario Data-Tactical Situation at Battle QOutset
A-1- Tactical Scenario Data-Intelliaence Available at Battle Nutset
[}

Tactical Scenario Data-Orqanization for Combat

Tactical Scenario Nata-Attacker Scheme of Maneuver

Tactical Scenario Data-Maneuver by the Defensive Force

Tactical Scenario Data-Selection of Routes for Tactical Movement
Tactical Scenario Data-Unit Formations for Tactical Movement
Tactical Scenario Nata-Fire Control Tactics and Techniques
Tactical Scenario Data-Coordination of Movement and Direct Fires
Tactical Scenario Data-Tactical Communications

1
Pt et e et e et Py et =y
1
TSI, N CE SN SR
= Ta D00 To

S oam>D>
i

=R R~ T~ T W =1
)

—t Pt P e P 4
1
WWwWwwwww
A0 2O T

o]

Weapon System Performance-General System Characteristics
Weapon System Performance-Target Acquisition Capabilities
Weapon System Performance-Crew Performance

Weapon System Performance-“eapon Performance Parameters
Weapon System Performance-Yeapon/Ammunition Performance
Weapon System Performance-System Vulnerability

Weapon System Performance-System Mobility
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ANNEX TI-A

IDENTIFICATION AND SPECIFICATION OF TUA INPUTS

1. PURPOSE. The purpose of this annex is as follows:

a. To report the results of research performed in identifyina the
input data requirements of the IUA model and the principal uses of each
of these data elements within the model.

b. To outline the approach taken in attempting to specifv suitable
values for each of these inputs so that meaningful comparisons between
model and field trial response data could be made.

2. SCNPE. The input data described in this annex are comprehensive
only in the sense that all data required by IUA in simulating the activ-
ities of Subphases IIIB and IIIE of CDEC Fxperiment 11.8 are described.
Only tank and antitank missile weapons were included in the IIIB and
ITIE field trials; no play of automatic weapons, hand-held antitank
rockets, minefields, indirect fire support, attack helicopter operations,
air defense operations, or tactical air support was included. A1l the
trials of these two subnhases were conducted during daylight hours and
under conditions of good visibility. Although I[UA possesses capabil-
ities with respect to several of these other aspects of combat, no
attempt was made to include descriptions of model inputs other than
those required for the Subphase IIIB and IIIE scenarios.

3. CONTENTS. The model inputs are arouped into four functional cate-
gories: (1) Definition of Battle Entities, (2) Tactical Scenario Data,
(3) Weapon System Performance Data, and (4) Description of the Operational
Environment. Tables are presented for each cateaory. The tables are
organized into four columns. The first column contains the data variable
name most often used in the model. Names in parentheses found in the
first column represent the cards on which the data are innut to the model.
The second, third, and fourth columns contain a description of the data,
how it is used in IUA, and the data source used for the TETAM runs.

4. REFERENCE. This document does not include the actual numerical
values specified as input for these field trial scenarios or a detailed
description of the necessary model modifications. This detailed infor-
mation is on file in the Combat Operations Analysis Directorate of the
Combined Arms Combat Developments Activity, Fort Leavenworth, Kansas.

5. INPUT DATA TABLES. The tables included in this annex are listed
below for easy reference.
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Table Number

Identification of

Tactical
Tactical
Tactical
Tactical
Tactical
Tactical
Tactical
Tactical
Tactical
Tactical

Scenario
Scenario
Scenario
Scenario
Scenario
Scenario
Scenario
Scenario
Scenario
Scenario

TITLE
Battle Entities

Data-Tactical Situation at Battle Qutset
Data-Intelligence Available at Battle Outset
Data-Nrganization for Combat

Nata-Attacker Scheme of Maneuver
Data-Maneuver by the Defensive Force
Data-Selection of Routes for Tactical Movement
Data-Unit Formations for Tactical Movement
Data-Fire Control Tactics and Techniques
Data-Coordination of Movement and Direct Fires
Data-Tactical Communications

Weapon System Performance-Gener%1 System Characteristics
Weapon System Performance-Target Acquisition Capabilities
Weapon System Performance-Crew Performance

Weapon System Performance-Weapon Performance Parameters
Weapon System Performance-tleapon Accuracy/Round Dispersions
Weapon System Performance-System Vulnerability

Weapon System Performance-System Mobility

Description of the Nperational Environment
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APPENDIX B
HODEL BIGLIOGRAPHY

R-1. PURPOSL. This bibliography lists model documentation that was
available curing the TETAMN Model Verification study. The bibliography
is listed in annotated form as an aid to future users of the models.
Tnis bibliography is not necessarily an exhaustive list of models docu-
mentation, but the major sources that will probably be available to a
user are included. .

B-2. CONTENTS. The appendix is organized into three annexes, one each
for DYHTACS, IUA, and CARMONLTTE.

a. Annex [--DYNTACS. Documentation of DYNTACS is extensive, and the
bibliography is close to being exhaustive. DYNTACS documentation is
unique in that much of the early research that fed into the model develop-
ment is docunented as well as the model itself. Thus, this is the only
model fqr which the basis of most of the model representations can, with
sufficient research, be found.

b. Annex II--IUA. pocumentation @f IUA is best described as spotty.
Adequate informatiop exists only of the mechanics of operating the com-
per prograws. o meaningful documentation of the basis for most of
the model formulations has been found. Model logic flow is reasonably
documented in flow chart form. Wdo discussion of the ramifications of
various input values is available; however, data bases that have becn
used are available. It appcars that users may tend to use these bas2s
without question.

c, Annex III--CARMOWETTE. A set of CARMONETTE documentation has
recently been produced. This provides a reasonable picture of gross modei
logic, some of the model algoritims, and the mechanics of program opera-
tion and data preparation. Some discussion of the ramifications of cer-
tain data items is also included. No documnented basis for the formula-
tions contained in CARMOMETTE has been found. Older CARMOWETTE
documentation has not been included in the bibliography since none has
been found that is not redundant with the current documentation.

B-1




T TGP U SN A <o oot e — T e = e

—- ANNCX B--1
ANHOTATED BIBLIOGRAPHY FOR DYNTACS
1. EARLY RLPORTS OF BACKGROUND RESEARCH AND PRELIMINARY MODEL COHCEPTS.
a., Bussman, Dale R. Vibrations of a Multiwheeled Vehicle. Ohio

State University, TR64-1, “August 1964,
kquations describang tank movement on a terrain surface are presented.

b. MHowland, Daniel and Bonder, Seth. The Tank Weapon System. Ohio
State University, AR63-1, June 1963.

Uescribes a general mode] to guide and integrate research in the re-
lated areas of tank mobility, firepower, and survival.

c. _ The Tank VWeapon System. Ohio State University, PR64-1,
December 1963,

Researcih in the areas of soft soil ability and cross country mobility
is presented. The effects of cant on the accuracy of the tank main gun
are reported.

d. . The Tank Weapon System. Ohio State University, AR64-1,
June 1964, ’

Tank mobility in soft soil,or rough terrain is discussed. Develop-
ment of the target acquisition and fire control models is described.

e. . The Tank Weapon System. Ohio State University, ARGS5-1,
June 1965.

Separate conmputer models are described for firing, mobility, hit
probabilities, lethality, acquisition, and armor distribution.

f. Perloff, William H. Tank Mobility in Soft Soils. Ohio State
Unfversity, 1F05-2, June 1965.

vescribes a computer program for soft soil mobility analysis. Covers
track slippage and tank sinkage.

2. IHITIAL INTEGRATED MODEL.

a. Howland, Daniel and Clark, Gordon. The Tank Weapin System. Ohio
State University, AR66-1, June 1906.

The DYiTACS model is first referenced in this manua!. A model over-
view 1s presented and a detailed description of five modules, (i) terrain
and environment, (2) tactical decision, (3) intelligence, (4) movement,
and (5) firing, is included.

b. . The Tank Weapon System. Ohio State Untversity, ARGG-2,
December, 1900.

‘{quations describing the probability of detection and time to detection
between an observer and tank are presented. A field experiment to vali-
date those equations is reported. Microterrain and power spectral density

B-I-1



as used in the ground play of line of sight are uiscussec in detai’.
Detailed descriptions of concealment input paraweters PCCS anc YMAX are
included. 5011 strength and limiting speeds Tor tanks are &\so aiscussea.

3. THE BASIC GROUHD 'ODEL HOW RLCOGNIZED AS DYNTACS

a. Bishop, Albert and Clark, Gordon. The Tank .cajon System. Ohio
State University, AR69-2A, October 1909.

The first of two principal analyst manuais for users of the OV TACS
manual, Although these volumes describe in detail only ine eariy version
of the model known as DYI{TACS, documentation’ of subsequent cnarncs, & -
provements, and additions to the model describe only those paris of tic
wodel actually changed. Thus, the model descriptions in thesec two
analyst manuals apply except where changed by subsequent v~lumes. This
volume contains detailed descriptions of the DYNTACS submod:ls developed
to simulate (1) terrain and environment, (2) communications, (3) intei-
ligence (i.e., target acquisition), and (4) movement control.

b. . The Tank Weapon Sysien. Ohio State University, AR69-28,
September, 1569.

The second of two principal una]yst manuals for users of DYNTACS.
The remaining five modules comprising the DYNTACS model are described:
(1) the fire controller, (2) the movement model, (3) the firing model,
(4) the minefield model, and (5) the ind1(ect fire ballistic weapon
(i.e., artillery) model.

e. . The Tank Weapon Sxptem. Ohio State University, ARC9-4,
Septenber 1909,

This volume 1s appended to the ARGY series to provide the reader an
overvicw of this early research and its principal results. Perusal of
this volune should provide an appreciation of the significance of the
original mcthodo]ogy produced and a measure of its potential usefulness
in tic reader's arca of involvement. It is essentially an executive
summary of the early work.

d. Bishop, Albert and Stollmack, Stephen. The Tank Weapon Systein.
Ohio State University, AR68-1, Septenber 1968.

This volume is valuable for its development of the detection process
still used in DYNTACS. Chapters covering concepts of visual detection,
contrast-dependent detection, probability for stationary targets, target
contrast, and analysis of detection time data are included. Other less
important arcas discussed are availability, reliability, rough terrain,
limiting speed, and a methodology for predicting overall dimensions and
gross weight.,

e. Clark, Gordon and Moss, Leslie. The Tank Weapon System. Ohio
State University, AR69-3A, June 1969.

B-I-2
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This volume descrives tie design and use of the JVn° U5 consuten
program. Included in this volume arc subroutine Gescriptiony anc Tiow
charts, detailed descriptions of the data used in OYw7ACS, a oS ipiion
of how data are prepared for input to UYUTACS, iastructicns vo¢ vunning
the program, and sample outputs. Due to tne fact that UYHWTACS s no
Tonger run on the same computer and extensive moditTicCations ruve 0ch
made to the yround game, this volume is now of iittle vaiue €O MOST useis.

I . The Tank Weapon Systenn Ohio State university, ARov-38,
June 1969,

This volume, a continuation of AR69 3A described above, is now of
little value to most nodel users.

4, DOYUCOU--THE FIRST HAJOR EXPAUSION.

a. DBishop, Daniel and Clark, Gordon. The Land Combat Fodel (OY:iCGH).
Ohio State University, FR-1, June 1909. T
finis voluie describes the design principles of the DYNCON modeld.
UYHCOM is a nodification and extension of the DYNTACS model. This voiume
only describes modifications and extensions to the DYNTACS modey; there-

fore, 69-27 and ©9-28 must be read prior to this voiume to get the com-
plete description of the DY/iCOM model. Hajor additions docunnted in
tnis volume are artillery, crew-served weapons, and beam-ricer missile
modules., nssociated modifications Lo movement and firing tactics are
also prescnted as well as a significant reworking of the communications
mouel . Qdditiona]ly, research o€ sonme significance in modeling conceal-
ment, 1imited visibility conditions, and air/ground and ground/air visual
detection are reported.

b. Clark, Gordon; Parry, Sam; Hutcherson, Don; Rheinfrank, John; and
Petty, Gerald. Land Combat Model (DY.COM) Programers-Manual. Ohio State
University, FR70-4A, April 1970.

This programers manual is a comprehensive list of input data comnons,
program descriptions, and flow charts of DYNCOM. Because FR70-4A and
FR70-4B cover the complete model, it is not necessary to refer to earlier
manuals. A cross reference listed in this manual between common areas
and chapters which describe the model can be a valuable tooi for preparing
input data.

cF . Land Combat Model (DYNCOM) Programers Manual. Ohio State
University, FR70-4B, April 1370,

This volume is a continuation of FR70-4A. The programers manual was
broken into two volumes for ease of handling.

d. Clark, Gordon and Huicherson, Don. Land Combat Model, The Aerial
;%;}form Conbat Operations Model. Ohio State University, FR71-3, May,

1 3

Documents the aerial platform module developed for DY.COM. This mod-
ule scems to nave had limited acceptance, and the volume 1s not of great
interest.
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5. UYATACS-X SECOND MAJOR EXPANSION.

a. Clark, Gordon and Parry, Samwcl. Small ucre Coron” Lidu. 2l on
(DYNTACS(X)) Counterbattery Fire Models. ORio State Univer-"ty, rrli-:,
July 1970.

The DYUTACS(X) version is an extension to the OYNCOM vers.on.
volume reports the addition of a counterbattery fire mocule. As .. .. .

expected, it nas no direct impact on the basic ground combat wouule.

b. Clark, Gordon et al. Small Unit Combat Simulatioi (VAT 03¢
Ql; Defense Operations Hodel. Ohio State University; FR/--2K, ..arch
1971.

As the title suggests, this volume cocuments inclusion of an o - de-
fense capability into the model. This differs from most othe., .ode. x-
pansions in that it could not be incorporated modularly but rathey required
extensive claborations to the basic ground combat detection, firing, anc
fire control modules. A companion report (same authors, title, and date,
jssued as FR71-28) contains flow charts and data layouts.

c. Clark, Gordon and Hutcherson, Don. Small Unit Combat Siwulation
(DYATACS(X)) Fire Support Operation Models. ~Ohio State Univer:ity,
FR71-3A, October 1971.

This volume documents a revised aerial platform module, more accepted
than tne one developed for the DYNCOM version. The companion vo.uie,
FY71-3B, contains all flow charts and data blocks for DYNTACS(X).

B-1-4



ANNEX B--11
AGHOTATED BILC.IGRAMEY FOR LA

1. PREPARATION OF THE TLRRATH AND TACTICAL DATA BASE AND EXECUVidii OF
THE TERRAIN AiD MOBILITY PROCESSORS.

a. US Army Combat Uevelopments Commaad, Tank-Antitank anc >ouuit

Weapons Requirements Study, Phase 111, Voiume XIIT, appendix ... to
annex L, ADUA9BIIL, Decenber 19Ge.

The document contains the ter-rain and tactical analysis condGuctec
during the TATAWS study for the iUA runs. It also provides severai cx-
amples of the types of data nceded to describe the terrain and tnc ..c-

tics played by attackers and defenders in the model.

b. _ ., » Volume XXI, appendix VIi to annex L, ADB4I8ITL,
Vecember 1904,

This report contains examples of the Red and Blue force compositions
and tactical maneuvers for both forces used in the TATAWS runs. A com-
plete listing of the critical range lines describing the model's tactical
options for both attacker and defenders can also be found in tne report.

2. DOCUMEWNTATION OF THE IUA COIBAT HODEL.

US Amy Combat Developments Command, Tank Antitank and Assault Weapons
Requirements Study, Phase III, Volume XVITT, Tabs C and D of appendix V
to annex L, ADB49895L, becember 1968.

The document contains flow diagrams of all programs and subroutines
found in the IUA combat model. Flow diagrams of subroutines in the
terrain and mobility models are not provided. Input card formats for

the entire (terrain, mobility, and combat) data base are also provided.

3. GENERAL MODEL DOCUMLNTATION.

a. US Amy Combat Developments Command, Tank-Antitank and Assault
Weapons, Phase III, Volume XVII, Tab B of appendi V to annex L, Ap849894L
December 1968.

The document contains a table of all key model variable names and a
description of their content. The variabie names are grouped by sub-
routine for the terrain, mobility, combat, and postprocessor programs.

b. ’ » Volume XVI, Tab A of appendix V to annex }
ADB49893L, December 1968.

The document contains a listing of all IUA programs. This includes
the terrain processor, mobility processor, IUA combat model, output event
processor, and the utility routines necessary to load the constant data
deck.

. Lockhced Missiles and Space Company, Instructions for Applying
TUA PrOJran) to US Army CDC 3300, /i-54-G8-1, Sunnyvale, California,

llovenber 1968,

B-II-1
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Tne docutient serves as an operator's manual, proviing aech structures
for exercising the wodel on tne CDC 3300. The cata base 7i.e structures
used by thie terrain processor, mobility processor, iuA coiwatl model, and
output event processor are also described.

d. US Army Corvined Arms Combat Gevelopneats Activity, Zoociin.
Guide for the Individual Unit Action (IUuA) lModel on tiie Fort eaverwo -t

—

Data Processing Installation COC 6500 Computer System, Coiwés Operacions

AnaTysis lirectorate Technical Report TRZ-73, \ovember 1973.

The document is an operator's manua), providing deck structure for
exercising the model on the COC 6500. It also contains a description of
the input data card formats for the terrain processor, mobility processor,
and IUA combat model.

4. DATA BASCS FOR IUA COMBAT MODEL.

a. Goulet, B.N., Report on Support Provided by Army Material Systems
Analysis Agency/Ballistic Research Laboratories for TATAWS III Computcr
Simulations (U), Army Material Systems Analysis Agency lechnical Memor-

andum Ho. 20, Aberdeen Proving Ground, Maryland, January 1969, (SECRET).
Probabilities of hit and kill, and firing and flight times for weapons

“and rounds used in the TATAWS III IUA combat model runs can be found in

this document. Much of the data is in the card format required by the IUA
model. \

b. Lockheed Hissiles and Space Company, Report of Simulation Support
for the Evaluation of Candidate Tank Considerations Using the Individual
Unit Action (I1UA) Simulation Model (U), LMSC-D009535, Sunnyvale, Cali-
fornia, December 1972, CONFIDENTTAL.

The document contains probabilities of hit and kill for weapons and
rounds used in the Tank Configuration study. Also included are distri-
butions describing the time required by crews to detect a target. All
data are in the format required by the IUA model.

B-1I-2
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ANNEX B--I1I
AIGOTATED BIBLIOGRAPHY FOR CARHONETTE

1. General lesearcn Corporation, CARHOWETTE, Volume I--Geacra. vescrip-
tion, McLean, Virginia, 1974.

ThlS is an executive level overview of the model. It aiso contains,
in the space of a dozen pages, the only available discussion of the
mathematical basis of the model.

2. y CARGOWCTTL, Volume Il--Data Preparation and Quiput Guide,
McLean, Virginia, 1974.

This volume is oriented to the individuals responsible for developing
CARMOWETTE input data. Coding forms and instructions for preparing the
data arc included, with illustrative examples. Discussions of the rami-
fications of selected data items, many of which are of a subjective or
aggregated nature, are also included.

3. __, CARHQNETTE, Volume T1II--Technical Documentation, McLean, Vir-
ginia, 1974,
This volune is prograver oriented. It documents detailed logical

flow, data layout within the computer, anc mechanical operating procedures.

B-TII-1
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APPEYDIX C
PUFERENCLS
b, Taglical | ffectiveness festing of Antitant Nissiles (USACDEC

[xperiment 11.8), 115 Army Combat Developments [xperimentation Command |,
Fort Ord, California 03741,

Published in nine volumes :

a. Volume [ - [xeculive Summarv, Feh 1974,

b. Volume II - Final Pcport , Phase IE, Oct 1972.
(Intervisibility, Europe)

c. Volume III - Final Peport , Phase IL, Feb 1973,
(Intervisibility , Fort Lewis, Washinaton)

d. Volume IV - Ffinal Peport, Phases IA, B, C, Feh 1973,
(Intervisibivity at HLMP, Cal./Fvasive maneuvers/
Detection/Acquisition/Handoff)

e. Volume ¥ - Data Package, Phases IA, B, C, Feb 1973.

f. Volume VI - Final Report, Phase 1], Sep 1973.
(Acquisition/Exposure/Evasive targets/Tracking)

a. Volume VII - NData Package, Phase 11, Sep 1973.

h. Volume VIII - Final Report , Phase II1, Feb 1974,
(Dynamic battle play)

i. Volume IX - Data Package , Phase 111, Feb 1974,

2. TETAM Effectiveness Evaluation, Directorate of Combat Operations
Analysis, US Army Combined Arms Combat Developments Activity, Fort
Leavenworth , Kansas 66027.

Published in three volumes:
a. Technical Memorandum TM 2-73, Phase I, Nov 1973.
b. Technical tiemorandum TH 1-74, Phase Il, Apr 1974,
c. Technical Memorandum TM 3-74, Phase 111, Jul 1974,
3. TETAM HModel Verification Plan, Technical Report TR 3-75, Directorate

of Combat Operations Analysis, US Army Combined Arms Combat Developments
Activity, Fort lLeavenworth, Kansas (06027, Nov 1973.
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4. Mtotes from the DYHNTACS(X) Training Class Conducted at Fort Leaven-
worth, Kaasas, Computer Sciences Corporation, ralls Church, Virginia
22946, Jan 1974,

5. TETAM Model Verification Study, Volume I--Pepresentation of
Intervisibility, Initial Comparisons, Directorate of Combat Operations
Rnalysis, US Army Combined Arms Combat Developments Activity, Fort
Leavenworth, Kansas 066027, to be published.

6. TETAM Model Verification Study, Volume II--Modified Representations
of Intervisibility, Directorate of Combat Operations Analysis, US Army
Combined Arms Combat Developments Activity, Fort Leavenworth, Kansas
66027, to be published.

7. Terrain Site Analysis and Comparison for Tactical [ffectiveness
Testing of Antitank Missiies, Draft Report, US Army [ngineer Waterways
Experiment Station, Vicksburqg, Mississippi, Sep 1973.

&. The [ffects of Measurement Pesolution on the Descriptions of Target
Visibility, Technical Hemorandum 11074, US Army Human Enaineering
Laboratory, Aberdeen Provina Ground, Maryland, Apr 1974.

9. USACDEC Hellfire Rapid, Ripple, and Indirect Fire I'ield Experiment,
Phase IV A, CACDA Terrain Analysis, Auq /5, unpublished.

1n. Tactical Effectiveness Testing of Antitank Missiles (USACDEC

Experiment 11.3), US Army Combat Developments Experimentation Command,
Fort Ord, California 93941. Final Report, Addendum I to Volume III (U).
SECRET

11. Data Requiremnents for Phase 1T, TETAIN (V). Letter, Morgan G,
Smith, US Army Materiel Svstems Analysis Agency, 2 October 1973.
CONFIDENTIAL

12. Report of Simulation Support for the Lvaluation of Candidate Tank
Confiqurations lUsing the TUA Simulation Model (U). Voiume T,

Sections [-4. COMFTDENTIAL
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APPENDIX E

DETAILED COMPARISON FIRING DATA

E-1. INTRODUCTION. The detailed trial comparisons carried out for TETAM
model verification work centered upon individual weapons firings and
engagements as observed in selected field experiment trials and the
firings generated by combat simulations (DYNTACS and IUA) when the models
were run with input data depicting the same initial situations and move-
ment traces observed in the field. The individual firing information
used for these comparisons is contained in this appendix.

E-2. CONTENTS. Firina data from the simulations and from the field for
trial 34 is contained in annex E-I and for trial 96 in annex E-II,

E-3. DATA FORMAT.

a. The iayout tor firing data is illustrated in table t-I-la. One
such table is provided for each field trial and for each model replica-
tion of a trial. Entries are in the chronological order in which weapon
firing took place in the field or simulation. Data for each firing is
composed of the following nine entries:

(1) Fire time, the time of firing measured in seconds from the -
point of time at which field trial data beains. Recorded locations at
this point in time were taken as initial positions for the model runs;
thus, field and model data shoulid be on the same time scale.

(2) Firing weapon - player ID, a three-letter mnemonic identify-
ing the type of firing weapon and a two-digit numeric identifyina the
individual vehicle. Identification is consistent between the field data
and model data; i.e., SHL 20 identifies the same individual weapon for
both field and model data. Mnemonics used are: SHL-Shillelagh, TOW-
TOW, DGN-DRAGON, T62-threat force tank, ATM-threat force antitank quided
missile carrier, ICV-threat force armored personnel carrier.

(3) Firing weapon - location, UTM coordinates at time of firina.
For the field trial this is an estimate based on firing time and inter-
polation of locations, which were available typically at 60-second
increments.

(4) Target weapon - player ID, same format as firer weapon ID.
In the event of an unpaired firing, which could occur only in the field,
the target of a firing is unknown and this field is blank.

(5) Target weapon - location, UTM coordinates at firing time

for DYNTACS, impact time for IUA and field. Field positions is inter-
polated from available data. Entry is blank for unpaired firing.

F-1
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(6) Target weapon - velocity, target speed at firina time in
meters per second. Estimated frum 60-second increment location data for
the field. Blank for unpaired firings. Note that there is no require-
ment for firing weapons velocity because the field trials and simulations
were conducted to allow firing only by stationary weapons.

(7) Range, target to firer horizontal distance at time of
firing.

(8) Impact time, time of round impact, measured in seconds from
the same reference point as firing times.

(9) Result of the firing. Entries are generally self-explanatory:
SURVIVE; M KILL - mobility kill; F KILL - firepower kill; M+ F KILL -
mobility and firepower kill; ICV KILL - mobility kill, which was only
type of kill possible to an ICV; PRV KILL - assessment acainst vehicle
that has already sustained M + F KILL; UNPAIRED - unpaired firing, target
unknown, can only occur in the field; LO0OS LOST - line of sight was lost
between firing and impact or did not exist at impact (depending on par-
ticular model treatment), no target assessment.
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ANNEX E-1
TRIAL 34 FIRING DATA

This annex contains firina data for Trial 34.

The following tables are provided.

Number Title

E-I-1a Firina Data from DYNTACS Trial 34 Base Case
E-I-1b Firing Data from DYﬁTACS Trial 34 Excursion
E-1-2a Firina Data from [UA Trial 34 Base Case

E-1-2b Firing Data from IUA Trial 34 Excursion

E-1-3 Firing Data from TETAM Phase III Field Trial 34
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ANNEX E-I1 Y
TRIAL 96 FIRING DATA

1. This annex contains firing data for Trial 96.

2. The following tables are provided.

Number
E-1I-1a
E-II-1b
E-11-2a
E-II-2b
E-II-3

Title
Firing Data from DYNTACS Tria! ¢6 Base Case
Firing Data from DYNTACS Trial 96 Excursion
Firing Data from IUA Trial 96 Base Case
Firing Data from IUA Trial 96 Excursion

Firing Data from TETAM Phase III Field Trial 96

E-11-1
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