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ABSTRACT

This thesis describes an operational Lanchester-type
model of srmall-unit land combat. It is a time sequenced,
deterministic, battalion-level, force-on-force model imple-
mented on a digital computer. In comparison with other
existing battalion level analytic models, this model contains
some new modelling ideas about detection and fire allocation

policies.
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I. INTRODUCTION

Although detailed combat models (such as high-resolution
Monte Carlo simulations) are heavily used at the tactical
level, some analysts and users still have doubts about the
use of this kind of model. Detailed combat models (especially
high-resolution Monte Carlo simulations) are costly to
build, costly to run, require a staff of highly trained
personnel to maintain, exercise and modify, are quite
demanding in data-base requirements, not easily modified,
essentially impossible to use to perform sensitivity and
other parametric studies, and are not easily communicated
to decision makers.

Though a detailed model is considered by many to be more
realistic than an analytic model and to supply more information
as output, one can definitely see that there is a price to
pay for.such detail. This is especially true if one con-
siders some meaningful advantages of analytic models.

Analytic models in contrast are usually much simpler
to use and both time and financial resources for their
utilization are usually markedly reduced. They are very
efficient for conducting sensitivity analysis and their
results are readily interpretable, since the dynamics of
the combat process are clearly and succinctly described
by equations (i.e., they are an efficient tool for communi-

cation with decision makers). Analytic models are an
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efficient tool for the user too, since they are usually
more general thus facilitating their use under more diverse
circumstances. Now that we have discussed the pros and
cons of the two principal types of small-unit combat models,
it remains for us to consider how to decide which one to
develo§ and use under specific circumstances. What should
one do to decide which type of model to use? Definitely
there is no unique answer to this question. Furthermore,
such an answer depends on considerations such as availability
of time and money, level of accuracy desired, problem
scenario, purposes of model use, etc. Since an analytic
model is more abstract than a Monte Carlo simulation, one
might ask himself: Do the two types of models describe the
same combat process for the same given scenario?

Reference 5 describes a study that was conducted to
compare the combat predictions generated by an analytical
combat model to those predicted by a more detailed Monte
Carlo simulation model. The analytical model was developed
against an existing simulation model to determine whether
both could generate comparable results. The analytic model
was applied to replicate the processes as they were des-
cribed in the simulation model and not as they might possi-
bly occur in the real world. The conclusions of this study
indicate good agreement and suggest that both models essen-
tially describe the same process. In reference 4 it is

suggested that the complex model should be used to educate




the analyst while a simple model should be used to communi-
cate with the decision maker. In other words, complex
models should be used as research tools to determine basic
relations that can be presented to decision makers with
simple easily-understocod models. In this context the

detailed model serves as the "back-up" for the simple model.




II. MOTIVATION

The BONDER/IUA and its derivatives BLDM and AMSWAG are
analytical battalion-level combat models that have been
and are currently widely used in the United States for
defense planning purposes. After studying documentation
for these models, the author decided to build his own small-
scale version with certain important changes. For example,
the detection and fire-allocation submodels in these models
(at least to the extent that they are described in available
documentary) have several features that appear to be at
variance with both military experience and judgement.
Reference 3 describes a sensitivity analysis of BLDM acqui-
sition and firepower allocation models and shows that BLDM
is relatively insensitive to changes in non-firing acquisition
rates. The analysis explains that this insensitivity is
a result of the firepower allocation logic and the fact
that firing-cued probabilities in the model have been set
to 0.99.

The study in reference 3 recommends that fire-cued
acquisition probabilities considerably less than 0.99 should
be used in the model and sections of search should be assigned
weapon groups. It is also recommended that detection rates
for targets lying within a group's primary search sector
should be different from those for targets lying outside

the sector. The author of this paper also could not strongly

10

- SRS




agree with some of the basic assumptions of AMSWAG's detec-
tion and fire allocation models. AMSWAG conducts the battle
in uniform time steps of 10 seconds each. AMSWAG's detec-
tion model keeps track of the comulative acquisition proba-
bility that each firer ﬁas against each target at any time
t and combines this with the new probability of acgquisition
during the interval (t,t+At). This process is continued
as long as line-of-sight is not interrupted. When line-of-
sight is interrupted, however, the cumulative probability
of acquisition is set to zero and the process will start
again if intervisibility again exists at a later point in
the battle. According to the author's experience, the
cumulative acquisition probability should not be set to
zero immediately since the observer still has some idea
where to expect the target to appear. The computation of
detection probability for each observer against every target
must consequently depend on both the observer status (i.e.,
whether or not the observer fires during the current time
interval) and the target status (i.e., whether or not the
target fires during the current time interval), whether
the target is inside or outside the observer search sector
or the observer field of view). This is not done by
AMSWAG's detection model.

The author of this paper also did not find the AMSWAG's
fire allocation model to be a realistic representation of
military reality, and consequently has developed a new one

based on his previous military experience.
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As a result of the discussion above, an analytic
battalion level combat model was developed. Although the
model was programmed for a specific scenario, it can still
be applied to other battalion-level scenarios with relatively

few modifications because of its generality.
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III. THE MODEL

A. GENERAL DESCRIPTION

The model developed in this thesis is a time sequenced,
deterministic, battalion-level, force-on-force computer
model. The scenario portrays a blue TOW company (3 pla-
toons with 3 TOWS in each) deployed in 3 fixed platoon-
sized defensive positions (see Bl, B2 and B3 in figure 1).
The opponent, a red tank company (3 platoons with 3 tanks
in each) conducts an attack along 3 predetermined routes
of advance toward the defensive positions. Each route
nominally contains a platoon-sized force (see R1l, R2 and
R3 in figure 1). The model conducts the battle in uniform
time steps of 10 seconds each. Figure 2 provides the general
scheme for the sequence and flow of events in the model.
Basically the sequence of events for each time interval
(i.e., 10 seconds) contains five main phases: movement,
detection, fire-allocation, attrition and battle-termination
(see figure 3). The movement phase is applied to the Red
units only. Generally, every Red unit is advanced to the
next interval alonc the associated route unless this unit
is destroyed alreay or is in firing status. (In this case
the unit will be advanced only every certain number of time
intervals.) The detection phase is basically an accumula-
tion process. Detection probabilities during (t,t+At)

between any two opponent units are computed and combined
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INITTALIZATION:

Read input data (terrain, initial force levels, initial
positions, routes data, tactical parameters, etc.).
Initialize variables and array values

Time = 0

Time = Time + 10 sec

1
Update locations of attacking units
i
Check line-of-sight between any two opponent units
NO

o — 10S exists
YES

fire conditions are

asiiutiad Allocate targets

NO

! Update the accumilated detection probabilities

]
Allocate fire
|
[— Campute attrition
|
Print results for the current time step

L0~ End of battle

YES
Print final results

JAAN

FIGURE 2. FLOW CHART
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INITIALIZATION

TIME=0

;—————————- TIME = TIME + 10 sec
MOVEMENT
DETECTION
FIRE-ALLOCATION
ATTRTTION
/m D OF BATTLE

FIGURE 3. GENERAL SCHEME
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with the appropriate accumulated probabilities at time t.
Basically the accumulation process can be described by the

following equation:

Pr(Unit i does not detect unit j at time t+At)

= Pr(Unit i does not detect unit j at time t)

x Pr(Unit i does not detect unit j during t,t+At).

The fire allocation phase selects possible targets for

every surviving unit, assigns priorities to these targets
and determines what fraction of each unit is allocated to
fire at each target according to the fire-allocation policy.
The attrition phase computes the attrition and the remaining
force level for every surviving unit. Since the two forces
are homogeneous and use only "aimed-fire", the attrition
computation is based on simple Lanchester-type differential
equations where the attrition coefficients are computed by
the Bonder-Farrel formula. Every such sequence is ended

by a battle-termination check process.

B. MOVEMENT PROCESS FOR ATTACKING UNITS

The 3 attacking tank platoons (see Rl, R2 and R3 in
figure 1) move along 3 predetermined routes. Each route
is divided into intervals, 40 meters length each since a
non-firing red platoon is assumed to move one such interval

during a time step of 10 seconds (i.e., average speed of 9 mph).
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Firing red platoon is delayed NOD times before moving to
the next interval. Each interval in each route is repre-
sented by its center point coordinates and by its direction.
If a red platoon enters to an interval along its associated
route then ié is considered to be positioned only in the
center point of this interval (i.e., maximum location error

of *40 since this is the distance between two consecutive

intervals).

C. COMMAND AND CONTROL

Command and control are represented in a simple fashion
by delaying units which move too fast. If the horizontal
distance (along the x-axis) between any two red platoons is
more than DISMAX, the leading unit is delayed in order to

keep a straight front of the attacking force.

D. LINE-OF-SIGHT (LOS) DETERMINATION

The existence of line-of-sight between any two opposing
units is determined in a subroutine called LOS which was
written by Prof. James K. Hartman, Naval Postgraduate School.
Each hill in the selected piece of terrain is described by
a bivariate normal density function and is characterized by
the following parameters:

1. Coordinate of the hill center point (xc,yc).

2. Peak height

3. Standaré deviatino corresponds to the x-axis (gx).

4. Standard deviation corresponds to the y-axis (cy).

5. Rotation factor (p).

18
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The subroutine is applied by the following FORTRAN state-

ment:

CALL LOS(XA,YA,TMACA,TMICA,SIZEA,XB,YB,TMACB,
TMICB,SIZEB,LATOB,LBTOA,VISFRA,

VISFRB)
where:
XA,YA - coordinate of unit A (XA,YA€ 0 = 10,000 m)
TMACA - elevation of unit A (this is found by using the
subroutine ELEV (XA,YA,TMACA))
TMICA - depth below ground surface [meters]
SIZEA - height of the vehicle [meters]
2 If want LOS with A as observer and B as target
LATOB = {
0 Else
L If want LOS with B as observer and A as target
LBTOA = {
0 Else

VISFRA - fraction of A height as seen by B
VISFRB - fraction of B height as seen by A

0 < VISFRA, VISFRB < 1

E. DETECTION

1. Types of Detection

A target can be detected in either oI two ways:
Random search within a designated section of rzsponsibility

(non-firing detection) or by launch signature given the

target has fired at least one round (firing detection)

[Ref. 1].
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2. Definitions

Let,

Pi‘(t+At) = the probability that unit j is detected
J by unit i at time t+At

We assume:

Qi.(t+At) = 1 = Pi.(t+At) = Probability that unit j is
J B not detected by unit i
at time t+At

QVi.(t,At) Probability that target j is not visually
J detected (i.e., non-firing detection) by
unit 1 during [t,t+At] provided that j

does not fire during this time interval

QPi.(t,At) Probability that target j is not detected
J by a launch signature during [t,t+At]
provided that j fires during this time

interval

3. Computation of QVij(t,At)

Let
(K) ; {4 o [ Sl )
ti. = time for the K firer of unit i to detect one
J target of unit j. K =1, 2, ..., S, (¢) e
where

20




Si(t) = number of survivors in unit i at time
.

(1) (2 (s; (£))
We assume that tij ' tij ey tij are independent and

identically distributed by exp{kij} (i.e., exponential dis-
tribution with parameter Aij)’ where

ki. = Non-firing detection rate of one target
J in unit j by one observer in unit i

15 the time for unit i to detect one target
J of unit j
Assuming that all Si(t) survivors of unit i are searching
for a target then

(S, (£))

o e Sy tij }

T = min{tg%), t??)
1] 1] 1]

and Tij is exponentially distributed with parameter Si(t)xij
(L. ; Tij = exp{si(t)xij;]
QVi.(t,At) = Probability that no one of the S. (t)
J survivors of unit j is visually detected
by unit i during [t,t+At]
Sj(t)
= [Pr(Tij > At)]
-S. (t)A,.)At S, (¢t
R l( ) i3 {3 )
or
=8, (€)X, AtS, (t)
Qvy4(e,ae) = e 3 o BT

2L
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4. Computation of Non-Firing Detection Rate (Aij)

Each firer is assigned to a search section (or

section of responsibility) which is characterized by two
parameters (see figure 3):

(a) Section width (ISECWD) where 0 < ISECWD < 27

(b) Primary direction (IPRDIR) where -m < IPRDIR < 7
We assume that within the search section the search direc-

ticn has the following probability density function:

£(6) = A + B cos 9§ =< B = D
where,
D = ISECWD/2
A = =B cos D
B = -
2(sin D - D cos D)
8 = 0 corresponds to the observer primary direction.

Note: A and B are chosen such that

D
[ £(8)ds = 1
D

f(8) is called the Limicon Function.

22
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Primary Directicon
Y (IPRDIR)

oy

Section Width

Cbserver \\\\\\ (ISECWD)
N\

FIGURE 3. SEARCH SECTION

Primary Direction

Observer-Target

//'Dinaﬂion
Cbsexver
Field of View
ANGLRT
- ila f(#)
ot i
-= X

FIGURE 4. OBSERVER-TARGET SCHEME
A = Observer; B = Target
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Figure 4 describes the observer-target scheme. Assuming
30° field of view for any observer A target B might be
seen only if the observer A is looking at any direction

such that ANGRT < o < ANGLFT where:

ANGLE + 15° if ANGLE + 15° < D
ANGLFT =
D if ANGLE + 15° > D
ANGLE = the absolute value of the angle between

the primary direction (IPRDIR) and the
observer-target direction (OTANG)

ANGRT = ANGLE - 15°
Thus,
ANGLET
P, = Pr{ANGRT < a <ANGLFT } = f £ (2)do

k

shaded area in figure 4.

P, 1is the probability that observer A is looking at direction

k
which enables him to detect target B.

Given that observer A is lcoking at direction a
such that ANGRT < a < ANGLFT, the conditional detection rate
{AAB[ANGRT.ia <ANGLFT}! is determined by the following

regression curve [Ref. 6]:

24
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{A,p|ANGRT < & < ANGLFT} = 0.003 + [1.453 + TCFACT
2

(0.5978 + 2.188 x RR® - 0.5038 x HORVEL]

where,
TCFACT = Terrain factor
HORVEL = Target horizontal velocity [m/sec]
RR = Equivalent range for a full height
target [km]
PCTVIS * 1000
where,

R = The range between A and B

PCTVIS = Height percentage of visibility of
target B (0 < PCTVIS < 1).

The unconditional detection rate (of one observer detecting

only one target) is:

A = {A,g|ANGRT < a < ANGLFT} x P

AB K

Aij is computed by the subroutine LAMDA using the following

FORTRAN statement:

CALL LAMDA (I,J,PCTVIS,DETRAT)

where the variable DETRAT will contain the detection rate

of one target in unit j by one observer in unit i.

25
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5. Computation of Qij(t+At)

a. Observer Does Not Fire During (t,t+At).
(1) Target j does not fire during (t,t+At).

Qij(t+At) = Qij(t) X QVij(t,At)

where,
%*
=S, (E)A;: AE S.(t)
Quv..(t,At) = [e * R
1]
*
=S. (L) A.. AES. (t
o l( ) i3 J( )]
where,
Aij if j is a blue unit (stationary)
*
X =
1]
PM;;Aij if j is a red unit (moving)
PM = Percent of time that unit i uses for

searching targets. 0.0 < PM < 1.0

Aij is computed by the subroutine LAMDA.

(2) Target j fires during (t,t+At)

Let,
Si(t) = number of survivors in unit i at time t
Sj(t) = number of survivors in unit j at time t
FR, = fire rate of each weapon system in unit
J j [rounds per second]
FRj:{At = number of rounds fired (at the average)

by one firer of unit j during (t,t+4At).

26



N = FR. X At x §.(t) = Total number of rounds
J J fired by unit j during
(t,t+At)
Pr{one survivor of unit i = Pr{survivor looks at direction
to detect unit j by one which enables him to see
fire signature} target j}

X Pr{survivor detects unit j|
survivor looks at direction
which enables him to see
unit j}

= PK x1.0 = P

K

Assuming independence, one finds that

Pr{one survivor of unit i (1 - PK)N
does not detect unit j

by N fire signatures}

assuming independence between the survivors of unit i, we

find that
N Si(t)
Pr{all survivors of unit i doe not detect = [(1 - PK) ]
unit j by a fire signature}
Nxsi(t)
= (1 = PK)
NxSi(t)
Pr{at least one survivor of unit it = 1 - (1 - PK)
detects unit j by a fire
signature}

27




NS, (t FR,AtS, .
(t) jt ](t)sl(t)

- - l - —
QPij(t,At) = (1 PK) (1 PK)
Now,
Qij(t+At) = Qij(t)[QVij(t,At) -+ QPij(t,At) - QVij(t,At)

X QPij(t,At)]

where QVij(t,At) is computed as described in (1).
b. Observer Fires During (t,t+At)

We assume that if unit i is busy with firing
during (t,t+At) then no targets search is considered by
unit i during this time interval. Only units within the
field of view of unit i can be detected while unit i is
firing. 1In other words, if unit i fires on unit K then
OTANG is the direction of the line from the observer i
to the target K and only units within OTANG # 15° can be
detected by unit i (visually or by a fire signature).

(1) Target j fires during (t,t+At)

We define the following event:

A = unit j is within the field of view of
unit i with at least one of unit i targets

We assume

Pr{unit i detects unit j by a fire signature during
(t,t+At) |A}
= 1.0

28




Thus,

Pr{unit i detects unit j by a fire signature

during (t,t+At)|A}

= 0
Thus,
0 if event A occurs
Qij(t+At) = g(n) if j is a Red unit and event A occurs
Qij(t) if j is a Blue uni and event A occurs
where g(n) is an increasing function of n, where n is the
number of time intervals elapsed since time t.
g(0) = Qij(t) ’
Gyt < @i} = 1.0 ¥n.
J — —
(2) Target j does not fire during (t,t+At)
If event A is the same as defined in (1), then
*
’Qij(t) % QVij (t,At) if event A occurs
Qi.(t+At) = g(n) if j is a Red unit and
J event A occurs
Qs (B if j is a Blue unit

1]

4
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where g(n) is the same as defined in (1) and

S *(t)A *AtS (t)
i i} e

* A i
Qvl] (t; t) = e
*
Xeilts = A.. X RF
1] 1]
RF = Reduction factor (the detection rate of unit i

has to be reduced since this unit fires
during (t,t+ t) and the search for targets
is not effective as for a non-firing unit)

)

n
ot
1

s; () x (] PTT,

- KeX B
PTTiK = proportion of unit i allocated to unit K
K = {K|Unit K is engaged by unit i and unit

j is within the field of view of unit i
while observing unit K}

6. Intervisibility Effects on Pij(t)

If line-of-sight does not exist between observer i
and target j then no accumulation of detection probability
takes place during the current time interval (i.e., Pij(t)
remains the same). If line~of-sight does not exist during
more than 3 consecutive time intervals then Pij(t) is set
to zero (i.e., Pij(t) = 0) and the accumulation process
will start again from zero if line of sight again exists
at a later point in the battle.

The motivation for this decision rule is seen by

the observation that even if observer i loses line-of-sight

30



with target j for a short time, he still probably has some
idea where to expect the target to appear again.

This decision rule was chosen somewhat arbitrarily,
and some other time decreasing function may be employed if
desired by the user.

7. Interpretation

Pij(t) can be interpreted as the average fraction
of unit i that detects unit j. Any detection that occurs
during the nth time interval is used only in the next
(i.e., (n+l)St) time interval, since that detection repre-
sents new knowledge gained during the entire nth interval

under the conditions existing in that interval.

F. FIRE ALLOCATION

The first step in a firing event is to determine what
fraction of each unit is allocated to fire at each target.
Each firing unit does not have to select and fire at just
one target. Rather, each firing unit might apportion a
fraction of itself against several targets.

1. Selection of Targets

The following conditions are necessary for it to be
possible for unit j to be a target of unit i:

(a) Line-of-sight must exist between unit i and
unit j.

(b) The range between the two units should be
within the interval [RMINi,RMAxi] where the two limits are
determined by the weapon system type of unit i and by

tactical considerations.
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(c) Pij(t -At) > 0.

2. Priority of Targets

Since the two forces are homogenous, the priority
of a target is taken to be a function of range only (since
(homogeneous type of target is not considered).

3. Fire Allocation Procedure

It will be easier to explain this procedure by
numerical example. First, for each unit i we find all the
targets j which satisfy the three necessary conditions for
being targets (see paragraph 1).

Second, we rank all the targets of unit it by the
range.

Let

Si(t) = 100
RMAXi = 3000 m
RMINi = 500 m

and assume we have the following situation:

Target (j) Range Priority gij(t)
3 750 1 0.2
1 820 2 0.9
2 900 3 0.7
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If we allocate fire to each target j as if this target is

the only one we have:

Target (j) Max Allocation = Pij(t) X Si(t)
3 Pi3(t) X Si(t) = .2 x 100 = 20
j i Pil(t) X si(t) = .9 x 100 = 90
2 Piz(t) b'd Si(t) = .7 x 100 = 70

Total: 180

For example, since Pi3(t) = 0.2 means that 20% of unit i
have detected unit j at time t, then not more than 20%

of unit i can fire on unit j. Thus, at the maximum not
more than Pi3(t) X Si(t) = 0.2 x 100 = 20 firers out of

100 survivors of unit i can be allocated to fire at unit j.
We can obviously see that we need 180 survivors in unit i
if we want to allocate fire to each target as if this
target is the only one. Since 180 > Si(t) = 100 we can't

do that. Let us define the following events:

D. = Target j has been detected by unit i,
il P
] = 112'3
D. = Target j has not been detected by unit i,

J j =1,2,3

If the fire policy is to allocate 100% of the firepower of

unit i to the most prior target then we have:
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Situation Probability Engaged Target
Eln D, N D, 0.1 x 0.3 x 0.8 = 0.024 -
Dy N an ‘D'3 0.9 x 0.3 x 0.8 = 0.216 1
51" D, n 53 0.1 x 0.3/x 0.8 = 0.056 2
Bln 62 n Dy 0.1 x 0.3 x 0.2 = 0.006 3
D, A an D, 0.9 x 0.7 x 0.8 = 0.504 1
D, N an D, 0.9 x 0.3 x 0.2 = 0.054 3
Bln D, n D, 0.1 x 0.7 x 0.2 = 0.014 3
D;n D, n Dy .9 x 0.7 2 0,2 = 0.126 3
The fire distribution is:

Pr{Target 1 will be engaged} = 0.216 + 0.504 = 0.72

Pr{Target 2 will be engaged} = 0.056

Pr{Target 3 will be engaged} = 0.20

Thus, if the same battle is repeated many times then in
72% of the times all the Si(t) = 100 survivors of unit i
are allocated to target 1, in 5.6% of the times to target

2 and in 20% of the times to target 3.
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If the fire policy is as follows:

# of targets % of unit i allocated to each target
lst 2nd 3rd
1 100%
2 80% 20%
3 80% 15% 5%
then we have,
Situation Probability Allocation
tgt 1 tgt 2 tgt 3
DN D2 N Dy 0.024 - - -
Dl A Dy n Dy 0.216 100% - -
Dy n D2 N D3 0.056 - 100% -
Dy n D2 A D3 0.006 - - 100%
D1 n 02 N Dy 0.504 80% 20% -
Dl(\ D2 N D3 0.054 20% - 80%
D; N D2 A D3 0.014 - 20% 80%
D; n D2 N D3 0.126 15% 5% 80%
E(percent of fire of unit i = 100 x 0.216 + 80 x 0.504 + 20 x 0.054

allocated to target 1]

+ 15 x 0.126 = 64.89
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100 x 0.056 + 20 x 0.504
+ 20 x 0.014 + 5 x 0.126

E[percent of fire of unit i
allocated to target 2]

= 16.59

100 x 0.006 + 80 x 0.054

E[percent of fire of unit i
allocated to target 3]
+ 80 x 0.014 + 80 x 0.126

= 16.12

If we compare the two fire policies we have,

Tgt 1 Tgt 2 Tgt 3 Total
Policy I 72% 5.6% 20% 97.6%
Policy II 64.89% 16.59% 16.12% 97.6%

Comments:

(1) The big change of fire allocation to target 2 is
explained by the fact that situation 5 (i.e., Blr\ D, n Dj)
has high probability of occurrence (0.504) and 20 firers
of unit i are allocated to target 2 in this case.

(2) In both cases only 97.6 firers of unit i are
allocated since there is a positive probability of not
detecting all the three targets (i.e., positive probability
for Elf\ 52 n 53) and in this case no fire is allocated at
all.

(3) This method gets more complicated as the number of

targets becomes larger.
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G. ATTRITION

Since the two forces (i.e., attacker and defender)
are taken to use only "aimed" fire, variable coefficient
Lanchester~type equations of modern warfare [see Ref. 2]
are used to assess force-on-force attrition. For each

time interval [t,t+At] let,

Si(t) = number of survivors in unit i at time t
Bi = the group of Blue units who fire against
unit i
K. = the group of Red units who fire against
J unit j
Ai. = the rate at which one firer of unit i
J kills unit j targets. (Attrition rate
of unit j by one firer of unit i)
PROPi. = proportion of unit i allocated to fire

J against unit j.

These parameters are computed for each time interval. The

attrition-rate coefficient Aij is computed according to

1
A.. = ———,
where Tij is the time for one firer of unit i to kill one
target of unit j under the conditions existing in this time
interval. E(Ti') is computed by the Bonder-Farrell

J
formula (see Ref. 7):
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+ +
t = tm t

BiRys) = £, 8 =5 + P}(lKlmf * p(h;mf
x{l—;ﬁlz-l(—g-)‘ﬂ)—+1=(hlh)-p} (1)
where,
t. = time to acquire a target, |
t, = time.to fire first round after target !
acquired, A
th = time to fire a round following a hit, j
L time to fire a round following a miss,
te = projectile time of flight,
P = Probability of hit on first round,
P(h|/h) = Probability of a hit on a round following
a hit,
P(h|m) = Probability of a hit on a round following
a miss,
P(K|H) = Probability of destroying a target given

it is hit.

This formula (1) holds for the following conditions:

(1) Markov-dependent fire with parameters P, P(h|h)
and P(h|im). (I.e., Hit probability of any round
depends only on the result of the previous round.)

(2) Geometric distribution for the number of hits
required for a kill with parameter P(K!H) (i.e.,

accumulated damage is not considered!). ]
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If the firing weapon system is TOW then we assume
P(X|H) = 1.0 and p(h|m) = p(h|/h) = p. In this case we

have

(t, +tg) (1-p)
E(Tij) = b, bt b =

If the firing weapon system is a tank then we assume
P(K|H) = 1.0 (because of lack of information) and t. = 0.

In this case we have:

1
E(Tij) ta + tl + o (h m){l P:
The attrition of each Blue unit j is described by the

following differential equation:

dsj(t) 2
~—de— = - ) A..(S.(t) x PROP,.)
e feR, DI & =

3

and similarly the attrition of each Red unit i is described

by:

= - z A.i(Sj(t) X PROPji)

. 3
jeB,

where the attrition coefficients Aij and A'i are computed

by Bonder-Farrell's model.
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The basic differential equations of force-on-force

attrition are approximated by the following Euler-Cauchy

difference equations:

s; (t+at) = Max{0,s; (t) -ZAji(sj (t) xPROPji)At}
For each Blue unit i
85 (t+At) = Max{O,sj (t) -ieg A (s, (£) xPROPij/_\.t}
]
For each Red unit j
COMMENTS :
(1) While computing attrition in a given scenario we can

(2)

(3)

consider all the targets as stationary since the
defender is in fixed positions and since the hit
probability of a TOW against moving target is almost
the same as for stationary (given that the target is
not too close). Thus also the Red units can be con-
sidered as stationary for attrition computation
PUrposes.

This attrition model does not consider the problem of
intervisibility "windows" £for the TOW.

Hit probabilities as P(h|h) and P(h|m) are functions
of: size of the target (full target or turret target),
type of ammunition (HGAT or APFSDS), Range, angle
between the firer and the target etc. Since most of this

information is classified only full size targets,
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APFSDS ammunition (for tanks) and the range were
considered while running the program in the computer.
(4) Artillary is not considered in this model. One should
remember that artillary reduces very drastically the
TOW hit probability (but not too much the tank's hit

probability).

H. BATTLE-TERMINATION PROCESS
The breakpoint for each unit is 100% lost of its initial

force level. The battle is terminated when either:

1. One of the two opponent forces (i.e., Red or Blue) is
annihilated (i.e., its 3 platoons have reached the
breakpoint) .

2. The average distance between the surviving Red force

and the surviving Blue force is "too close."
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IV. SENSITIVITY ANALYSIS

Sensitivity study was done without considering the
line-of-sight factor (i.e., it was assumed that line-of-
sight exists all the time) in order to make the battle
more active (i.e., fights are more frequent and more units
are involved in every one of them) and thus more sensitive

to most of the parameters.

A. FIRE ALLOCATION POLICY

Three fire allocation policies were tested:

Policy Tafget iSEargegﬁd lSt 3233rget§rd
1 100% 100% = 100% - -
2 1008 80% 20% 80% 15% 5%
3 100% 50% 50% 33.3% 33.3% 33.3%

Table 1. Fire Allocation Policies

Appendix C describes the output for three battles
corresponding to the three different fire allocation poli-
cies. Table 2 summarizes the main events in each battle

for comparison purposes.

42




———— - — -

E

v Policy 3 Policy 2 Policy 1

E

N UD T RTL BTL UD T RTL BTL UuD T RTL BTL
T

1 6 40 0.131 0.333 6 40 0.131 0.333 6 40 0.128 0.333
2 1 140 0.472 0.444 1 150 0.484 0.503 1 150 0.464 0.517
3 2 210 0.710 0.508 4 240 0.623 0.667 4 210 0.557 0.667
4 4 300 0.837 0.667 3 410 0.864 0.712 3 390 0.760 0.714
5 3 440 1.00 0.68 2 440 1.00 0.723 2 440 1.00 0.759

Table 2. Fire Allocation Sensitivity

where,

EVENT occurs when a unit is destroyed

UuD = The number of the destroyed unit
T = time (sec)

RTL = Red total lost (percentage)

BTL = Blue total lost (percentage)

The conclusions drawn from these results are:

a. Policy 3 should be prefered to the Blue force since
its total lost is consistently smaller when it
uses this policy.

b. Policy 1 should be prefered by the Red force for
the same reasons.

c. These conclusions are appropriate only for the given
scenario and they might be different for other

scenarios.
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d. The differences are relatively small but they might
be larger for different scenarios (i.e., different
force structure, weapon characteristics, etc.).

e. In this sensitivity study the same fire allocation
policies were tested for both sides. Future work
might be done to test different policies for the

two forces.

B. MOVEMENT DELAY OF A FIRING UNIT

A firing Red unit is delayed NOD time intervals before
moving to the next route interval.

A sensitivity study of this parameter was done for
NOD = 2, 3, 4, 5, 6, 8. Table 3 describes the results of
this study. Table 4 shows the sensitivity of battle
termination time to the parameter NOD. One can see that
a change from NOD = 2 to NOD = 6 extends the battle time
by more than 25%. No change is caused by changing NOD
from 6 to 8. Table 5 shows the sensitivity of Blue total
lost (fraction of initial strength) to changes in NOD. No
significant change is caused to this variable by changing
the value of NOD from 2 to 4. A change of 6% is caused by
changing NOD from 4 to 5 and 8% by changing NOD from 4 to
6. We can also see that from NOD = 5 and further on the
event's sequence is changed although the final results are

not significantly changed.
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NOD Battle Termination Time (sec)

2 410
< 440
4 460
5 480
6 550
8 550

Table 4. NOD VS BATTLE TERMINATION TIME

NOD Blue Total Lost
2 0.726
3 0.723
4 0.724
5 0.682
6 0.667
3 0.667

Table 5. NOD VS BLUE TOTAL LOST




C. DETECTION RATE REDUCTION OF A FIRING UNIT

The detection rate of a firing unit is reduced by a
multiplicative factor RF (0.0 < RF < 1.0) in comparison
to that of a non-firing unit. This is done, since it is
hypothesized that the search effectiveness is not the same
in both cases. The sensitivity of results to changes in
this parameter (RF) was done for RF = 0.2, 0.3, 0.4, 0.5,
0.6, 0.8. It was found that the battle outcomes are not

significantly sensitive to changes in the RF parameter.

D. OBSERVATION TIME PROPORTION OF A MOVING UNIT

The parameter PM is defined as the proportion of time
a moving unit spends for targets search. Sensitivity study
of this parameter (PM) was done for PM = 0.15, 0.25, 0.35,
0.45, 0.55.

It was found that the battle outcomes are not signifi-

cantly sensitive to changes in the PM parameter.
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V. FUTURE MODEL ENHANCEMENT AND UTILIZATION

A. FUTURE ENHANCEMENT AREAS

The following additions or improvements in the model
are recommended:

1. Addition of artillery to both sides. Artillery has

significant suppression effects on the TOWs.

2. Addition of information (target acquisition)

handoff from one unit to another.

3. Addition of ability to play minefield and barriers.

4. Addition of the effects of close air support.

5. Modification to the interactive mode.

In such a mode tactical decisions (e.g., route selection)
could be input by players as the battle evolves. Addi-
tionally, some more predetermined alternative routes and
alternative fire allocation policies can be programmed.

In this case, the players of both sides (company or platoon
commanders) can decide after each time interval which
tactic of fire allocation to use, which route to choose

and to ask for artillery or close air support (with appro-

priate amount of delay).

B. UTILIZATION
The model with the additional recommended improvements

might be used as a tool for tactical training (battalion,

company and platoon leaders) or tactical planning (effect
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of different structure of forces or units, types of weapon
systems, fire allocation policies, minimum or maximum ranges

of fire, etc.) at the battalion level.
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APPENDIX A

PROGRAM LISTING
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