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Modeling of Infantry Attacks on Real Terrain
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Abstract. The estimation of the terrain features can be completelfethout by using
the Geographical Information System (GIS). GIS techn@sgind three-dimensional
map in planning battle tactics are discussed. An infantachton real terrain is modeled.
The stochastic model of combat is given in article.
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1 Introduction

At present capabilities of Geographical Information SygtgGIS) are more and more
widely used in planning military operations. The analysid aontrol of the movement of
military means of transport, while applying the Arc View gram packet, was presented
in the article by Kim and Park [1]. S. Crino [2] pointed out tHiarce structures have
to more frequently operate in urban areas. He in detail egdlall types of operations,
from the point of view of essential operational aspects eygd and estimated current
algorithms and models of operations, development of navesires, their advantages and
disadvantages. The overview of visualization strategighevirtual geographic terrain
and their application in different areas of warfare practi@as presented in the study by
Feibush et al. [3-9].

This article discusses the employment of modern informatchnologies in plan-
ning and estimating the capabilities of a military unit teente a certain task. A system
of “program tools”, created by using GIS information baseakes it possible to carry out
the engineer estimation of the terrain, obtain data on tiwaork of roads, water bodies,
vegetation, building structures and qualities of the sAilisibility instrument has been
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created and it provides a generalized “visibility matrik&. indicates visibility on the
battlefield from several chosen terrain places. A prograstiging infantry combat
actions considered. Actions of each individual soldiertmnhattlefield are modeled, the
impact of random factors is estimated, and a "digital experit” of a would-be attack
is carried out. The employment of mathematical modelingesakpossible to estimate
the capabilities of a military unit fighting on a concreterém and to foresee ways for
decreasing casualties in executing a combat task.

2 Application of GIS technologies in engineer estimation othe ter-
rain

The main information source about the terrain is sheets gifadimap with the scale
of 1:10000. The entire standard information of the digitalpnis based on a slightly-
associated integration between the packets of geogrdphfcemation systems and re-
lation data base. This integration is necessary in ordemtfoumly process both the
geometrical information and attributive information obse objects.

2.1 Criteria of the engineer estimation of the terrain
Engineer estimation of the terrain takes these criter@mdonsideration:

a) a network of roads. Readily available roads make the mengof military transport
much easier;

b) water bodies: rivers, canals/channels, lakes. Infaonatbout bridges;

c) a map of the flatness of the terrain surface. Usually suclh@mimnon-existent. It is
necessary to draw it by applying attributive and spatiadiinfation of the relief;

d) a map of terrain utilization. Three categories are sootgtd(built-up areas, forests,
arable fields);

e) a map of soil qualities. These qualities should be poioted soil humidity and the
permissible load, cross-country capability.

2.2 Information of the engineer estimation of the terrain

GIS information layers are created by using spatial infdiomeof the terrain according
to the requirements for a concrete military operation. e émd the necessary program
“tools” were created.

The network of roads, rivers, bridges

The created tool of road analysis makes it possible to orgadynamic inquiries in
order to find roads satisfying certain criteria. The neagssdormation is automatically
provided by the electronic map. Having activated this titols sufficient to circle the
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area of interest and the system points out all the roads afttbeen width. Road surface,
number of lanes and other attributes such as the name, cablawember of the road
inherent in the system are shown. When the arrow is on thgénd your choice and
the button is pressed, the information about that bridgeippked: the length, lifting
capacity, etc.

The map of the terrain utilization

All the terrain in the information system is divided accowgito the utilization type: settle-
ment, arable land, forest. The tool of forest analysis mékesssible to get information
about large forest areas. Its operation is similar to th#h@foad analysis tool — the area
is marked and the tool automatically selects forests exgsti that area (see Fig. 1).
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Fig. 1. Width of the clearing indicated by the arrow is found.

Having indicated the place with the help of the button, tHerimation about the
thickness of trees, the density of the forest is provided:ititachosen the measurement
tool, it is possible to estimate the width of the clearing afbdain information on the
cross-country capacity of the terrain.

The map of the soil

A standard engineer estimation of the terrain procedusstako account the type of soil
of a concrete terrain. Our currently available digital majs not provide information
about the soil; therefore, in this concrete case, that lasarnot created.
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Each individual tool generates its own individual inforinatlayer (an individual
map). Itis also possible to get an image combining all thezebuentioned information,
a general image. Thus, it is possible to have all the necgesgineer information.

2.3 Visibility on the terrain

GIS information bases hold data about the height of objectthe terrain. A height
analysis tool was created which automatically gets infdiwnafrom the electronic map
bases and then provides information about the visibilithendesignated terrain. Having
summoned the visibility tool, the coordinates of the botlefhand upper right point of
the desired-to-see square are indicated (it is possibleitcé” this area with the mouse,
but the first mode is more exact) followed by the coordinafebe terrain observation
point and the image of visible (green) and invisible (redeaaris provided (see Fig. 2).
The observer’s point was designated ¥ythe place visible to him +, the invisible one
— 0. The distance between the points in the horizontal diraqliengitude) is~ 10 m, in
the vertical one (latitude) =~ 17 m.
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Fig. 2. Image of the terrain and work results of the visipitibol: visibility from the
designatedX point.

At the same time, a visibility matrix is created (visible pts are marked by,
invisible points by, see Fig. 3).

Let's say that ten soldiers are fortified and are about to becked by a three
times larger force — 30 soldiers. In order to obtain a vigipinatrix of the fortified
adversary, it is sufficient to know the visibility frompoints (for each pair of soldiers)
and to create a generalized visibility matrix. The create®ME program executes the
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generalization procedure, i.e. it creates the visibiligtrix of all the defending soldiers.
Such results are shown in Fig. 4. The distance on the teredimden the visibility points
in the horizontal direction (longitude coordinate) is eldoa 0 m, whereas in the vertical
direction (latitude coordinate) it changesité m. It should be pointed out that on real
terrain the visibility (objects exceedirigm in height are seen) seldom exce8d8—400
meters. This generalized visibility matrix is used in soltyithe attack task by applying
the stochastic method. The attacking soldiers move alomgjribs designated by matrix
columns and we get the information stating whether the adwgrcan see a concrete
soldier.
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Fig. 3. Results of the visibility tool analysis.
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Fig. 4. A generalized visibility matrix. At the top, pairs attacking soldiers are
formally designated, at the bottom — those of defenders. ditiance between the
fighting parties is abolg00 m.
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3 Modeling of combat actions

Depending on how the combat process description proceeathiematical models are
divided into two main groups - analytical and stochasticthie former case, differential
equations describing combat process are written down gamele Lanchester model)
and analytical or numerical solutions are obtained. Corabtbns are very complex and
are affected by numerous random factors; therefore, tarithesthem by using analytical
representations is often practically impossible. For phigpose statistical models and the
Monte-Carlo model are used. This method makes it possilfladdhe interaction result
between the modeled objects when the relations betweenateeither unknown or very
complex [10, 11].

Modeled actions of soldiers: movement towards the adwerehservation and de-
tection of the adversary, firing and elimination of the adegy. Similar actions of the
adversary are modeled: detection of the attackers anchadticeliminate them.

3.1 Hit probability

In case of rifle shooting, the probability of hitting the tatglepends on the distance to
the target, type of weapon, accuracy of the soldier, metegital conditions, and other
factors. Deviations are distributed according to the twaetisional normal distribution
presented by the formula:

T2 Y2
1 ? (w—wm,)z (’U*’Ugb)z
py(r) = e @i e v dxdy, )
MO0y

1 Y1

where [z1; 22|, [y1;y2] are intervals that indicate the size of the tardet,,; y...) are
coordinates of the aiming point (distance from the weapothéotarget), and,, and
o, are average quadratic deviations, that are determined hpaoredesign features. The
situation when aiming at a soldier from a 400 m distance laddaut like this (see Fig. 5.).

ﬁ 0,5m=<=> 1mm
XJ
r=400 m
@ (b)

Fig. 5. Diagram of aiming from 400 m distance.

The back sight of the rifleA K, is at the distance of approximate89 mm and is
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2 mm wide. The figure of the soldief.6 x 1.5 m) from the distance o000 m looks

1 mm wide. The result is considered positive if the moving ¢aig kept within the zone
of the sight ¢ mm). In this case, the interv§;; y»] in the formula (1) is considered
equal to2 m. The position of the enemy figure (see Fig. 5) can be chosanyaplace
of the sight notch zone (soldiers are trained to move on tii¢efiald to possibly avoid
an accurate enemy shot). In a concrete case, we divide tleeimtmnonly ten equal parts,
because the result does not change if we increase the nuiintigistons, using formula
(1) work out the hit probability in each case and afterwaa®pute the average of these
probabilities [10,11]. The impact of the wind can also béuded into these computations
(the data as to how much the wind of a certain speed divertauittet are usually known).
For example, a medium-strength wind£ 4m/s), perpendicular to the firing plane, with
the firing distance o400 m, diverts the AK74 bulle0.5 m to the side [12]. The interval
along the direction of shooting, i.e. along axislirection, is equal to the range of a point
blank shot when the whole trajectory of the bullet does re# gbove the target. Fig. 6
presents the computation results.
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Fig. 6. AK74 bulletF4 trajectories when shooting frd0 m to 600 m distance. The
top line corresponds to the shadow height of the attackitdjeso- 1.5 m — and the
bottom line to that of the defending soldief-3 m.

If a bound (moving in bounds on the battlefield during theck}tdasts2—4 seconds,
and the adversary needs 5 seconds to take aim, the hit plibbdbtreases. Its change
can be estimated by employing the formula that is widely us¢de queueing theory:

P(r)t;

Pi(r)=1—e"% ", )
whereP(r) is mean hit probability when target distance,ig, is the average time during
which a soldier manages to take aitm;- stands for a random time interval (the time of the
bound), for examplé—4 seconds. Having completed the above-mentioned compugatio
covering six points (every hundred meters), we generafized computations by using
the method of least squares (see Fig. 7).

Soldiers bearing automatic rifles choose enemy soldiersgyfat them or those that
are nearest to them and shoot by taking aim. Machine gunmerpditially taking aim
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or conduct area firing; grenade launcher and mortar fire lysd@stroys group targets or
heavy weapons.

Q.51 N

Prl

100 200 300 400 500 500
rfmj

Fig. 7. Dependence of hit probabilities on distance in aféeif the bound time is:
line —2 s, dots 3 s, strokes 4 s.

3.2 Programs simulating the course of the battle

Essential actions of attacking soldiers in battle are metiehovement towards the adver-
sary, observation and detection of the adversary, firingadingination of the adversary.
Similar actions of the adversary are modeled: detectiomefattackers and actions to
eliminate them.

If the visibility scheme of soldiers’ fighting in visibilitydefense corresponds to
Fig. 4, the attacking soldiers at such a short distance attesbright away. They are
visible provided the terrain features do not impede. Letsuane that the attack began
after dismounting from combat vehicles at an approximagekflometer distance from
the suspected defense position of the adversary. Platoattaick covers about3)0 m
long strip and soldiers move towards the enemy maintaiding 8 -+ 12 m distance
between one another. The direction of the soldier movemathhés visibility in attack
are indicated by the elements of the matrix (see Fig. 4) cokith — is seen0 — not
seen). If soldiers engage in batile; ~ 3—4 s (leaving adversary no time to take aim)
at a random moment of timA¢, ~ 14-16 s, we will analyze the movement changing
the time atAt = Deltat; + Ats = 18-20 s intervals. This type of movement can be
described as a re-location to another square (the sideg sfjhares aré7 x 10 m). We
will make an assumption that within such a slight distanderiral the visibility, relief
and other conditions will change insignificantly.

It is possible to analyze different battlefield movementsohs, For example, with
the platoon in attack, at first one team moves in a bouxid & 4 s, whereas in defense,
a soldier takes aim and becomes a target him&elf= 5 s ) while the other two cover it
by fire. After that, two teams in a bound level the attack lind@levthe first team covers
them (see Fig. 8).
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Fig. 8. Scheme: (a) the middle team rises for a bound, theinémgatwo cover by fire;
(b) flank teams rise for a bound, the middle team covers by fire.

Whether a concrete event has taken place is tested this wayexample, if the
hit probability p in a concrete case is equal @0t (p = 0.4), the random variable,,
distributed according to the uniform law within the intelry@; 1], is generated and the
condition:

W <P (3)

is checked. If the inequality (3) is satisfied, it is consatkthat the event has taken place,
i.e. “the target has been hit". If it is not satisfied, the e\reas not taken place. Afterwards
the results are summed up, casualties and numbers of petdorther participating in the
attack are counted. This is repeated until the battle eredghie time allotted for the battle
ends, more than half of the personnel are killed, etc. Theisdbults of one realization are
obtained. Such computations are repedted-200 times and the average of the results is
found (each realization is different because ever differ@mdom variables are generated)
for each computed time moment (point). The number of retidina is increased until the
obtained answer stops changing though the number of réalizas further increased
with the indicated computation accuracy. Computation Itesaf such a model of the
attack are presented in Fig. 9.
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Fig. 9. Change in the number of attacking (stroke line) arférading (line) soldiers
during the attackr is the distance between the adversaries.
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4 Conclusions

Accurate and timely estimation of the reconnaissancedfid terrain is a prerequisite
for effective control of modern and rapid military operaiso Application of traditional
technologies for the solution of this problem is not effeetbecause at present digi-
tal maps and digital terrain images, made by great resolgaiellites, are available.
Employment of GIS information makes it possible to creafeative visual maps in
accordance with various requirements. These digital mapgoovide expert knowledge
while a cadet is carrying out a specific military operation.
Generalization of the data received leads to these coodsisi

1. The developed programs make it possible to describe etsncombat actions of
the soldier and analyze the impact of numerous random fotothe course of the
battle. For example, the beginning of the attack, the domati the bound, tactical
elements (different movement types of soldiers on the dfattl, coverage by fire
from the flank, etc.).

2. To estimate the impact of the terrain, the individualitacdf the military personnel
and movement on the course of the battle. Accurate and tierejineer estimation
of the terrain is a prerequisite for effective control of read and rapid military
operations. Employment of digital maps and digital teriaiages, made by great
resolution satellites, make it possible to carry out anatiffe analysis of the battle-
field.

3. To accurately count military ammunition expendituregestimate the demand for it
in order to reach the desired result.

4. Itis possible to analyze the impact of different weapamthe course of the battle.
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