Maksymov M. V., Boltenkov V. O., Gultsov P. S., Maksymov O. M. / Applied Aspects of Information Technology
2023; Vol.6 No.4: 362-375

DOI: https://doi.org/10.15276/aait.06.2023.24
UDC 004.942

Verification of artillery fire under the influence of random
disturbances for the computer game ARMA 3

Maksym V. Maksymov"
ORCID: http://orcid.org/0000-0002-3292-3112; prof.maksimov@gmail.com. Scopus Author ID: 7005088554

Viktor O. Boltenkov?
ORCID: https://orcid.org/0000-0003-3366-974X; vaboltenkov@gmail.com. Scopus Author ID: 8575846900

Pavlo S. Gultsov?
ORCID: https://orcid.org/0000-0001-5083-380X; eldipa@meta.ua. Scopus Author ID: 57346084500

Oleksii M. Maksymov?

ORCID: https://orcid.org/0000-0003-2504-0853; m.alex.m1 1@gmail.com. Scopus Author ID: 57220057510
D Scientific and Research Center Armed Forces of Ukraine, 8, Didrichsona Str. Odessa, 65029, Ukraine

9 Odessa Polytechnic National University, 1, Shevchenko Ave. Odessa, 65044, Ukraine

ABSTRACT

Computer gaming occupies a firm place in today's media culture and media business. Computer games are widely used both as
a means of entertainment and as an educational tool. Military games traditionally hold a place in computer gaming. However, it is in
this sector of gaming that a sharp contradiction is observed between the super-realistic quality of the video component and the limited
scope of the game's script component. In particular, in the development of military-themed games, the introduction of modern
weapon models is rapidly evolving. At the same time, the experience of military conflicts over the last decade and the new tactical
techniques developed are difficult to implement in games. This work demonstrates the possibility of improving the artillery
component of ARMA 3. In artillery fire, random disturbances are always present. These disturbances cannot be eliminated during the
preparation of the firing. In practice, they are compensated by consecutive ranging shots. Modern artillery firing tactics require the
maximum reduction of the firing time of the artillery unit. In this regard, methods for verifying each artillery shot are very relevant.
Verification is understood as confirming the effectiveness of a shot immediately after it is made. A method for verifying a shot by
recording the flight time of a projectile through three control points is proposed and studied. Based on the recorded flight times by
sensors, a system of approximating parabolas is constructed. The solution of the system allows determining the expected point of the
projectile's burst before it lands. The deviation of the burst point from the aiming point verifies the quality of the artillery shot.
Simulation modeling of the proposed method has been conducted. It is demonstrated that parabolic approximation effectively
compensates for random disturbances of the shot. A comparison of the proposed method with the method of compensating
disturbances through consecutive ranging shots is made. It is shown that the proposed method significantly reduces the firing time of
the weapon and the ammunition expenditure for hitting the target for the ARMA 3 player.
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INTRODUCTION occupied by military games [3, 4], [5]. If modern
military games are at a sufficient level in terms of
quality, determined by high and super-high
resolution video simulation, the script aspect of

military games leaves much to be desired [6, 7]. An

Over the past 20 years, computer gaming has
undergone revolutionary changes. As a powerful
information technology, computer gaming has taken
two positions in societal development — gaming as

media culture and gaming as media business [1, 2].
Gaming as a media culture has established strong
positions in education, in esports, in the industry of
collective and individual entertainment. A special
place in computer gaming, from its inception in the
form of primitive shooters to the present day, is

© Maksymov M., Boltenkov V., Gultsov P.,
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integral component of modern military games
should be the simulation of the combat use of
artillery. Here, the quality of simulation should
reflect to the maximum extent the tactical concepts
of artillery use in modern combat [8]. These tactical
concepts are constantly evolving, taking into account
the experience of using artillery as the main striking
force in ground operations during local conflicts of
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the 21st century and the Russian-Ukrainian war. In
this regard, improving the script aspect of the
artillery component of military games in terms of
bringing the level of simulation modeling closer to
the real tactics of artillery use in modern warfare is a
relevant scientific and practical task.

As an example for solving this task, the popular
military game ARMA 3 was chosen [9]. In the real
application of artillery, the classical concept of
counter-battery warfare today has transformed into
the “shoot-and-scoot” tactic [10]. Defeating an
enemy's artillery unit while maintaining one's own
combat capability is possible only by reducing the
firing time to hit the target to the minimum possible
[11]. Each shot from an artillery installation gives
the enemy the opportunity to estimate its coordinates
and open return fire. Thus, the side that uses
methods of conducting artillery fire that allow
accomplishing the task of hitting the target with the
minimum number of shots wins. This fully coincides
with the main principle of choosing a winner in a
military computer game — the one who spends the
minimum of the resources provided to him - time
and ammunition — to complete a combat task, wins.
It is precisely this general principle of modern
computer gaming that is embedded in the artillery
component of the game ARMA 3.

LITERATURE REVIEW

Modern means of ensuring the accuracy of
artillery firing and current accuracy assessment,
guidance methods, and adjustment can be divided
into the following technological directions:

(i) preliminary preparation for firing [11,12];

(ii) verification  of  firing results, i.e.,
confirmation of the projectile hitting the target point
or assessing the deviation from the aiming point [13].

The technological direction (i) is aimed at fully
accounting for possible firing errors, mainly
systematic, and includes:

— reconnaissance and determination of target
coordinates;

— topogeodetic preparation;

— meteorological preparation;

— ballistic preparation;

— technical preparation;

— determining settings for firing.

Despite the constant improvement of the means
of technological direction (i) and, in particular, the
applied IT, random disturbances associated with the
following factors, which are difficult to assess, can
exist during firing:

— wear of the barrel of the artillery installation that
occurred after its last measurement;

— heating of the barrel as a result of intense
preceding firing;

— inaccurate information about the charge and its
storage method.

Errors in firing due to the action of random
disturbances require assessment during verification.

The technological direction (ii) is associated
with establishing informational feedback between
consecutive shots from an artillery installation
[16, 17]. After each shot, a correction of the initial
firing settings for the next shot is made. According
to [17], the procedures for informational feedback
are divided into two categories — “shoot-look-shoot”
(SLS) for targets observed from the firing position,
or “shoot-adjust-shoot” (SAS) for concealed firing
positions. In both cases, the assessment of the
coordinates of the projectile burst during firing is
required, which significantly complicates and
prolongs the verification procedure.

The most commonly used technologies for
direction (ii) as of today are:

1. Optical observation, including the use of
unmanned aerial vehicles (UAVs) [18, 19].
Drawbacks include the demasking of the
observation process and the vulnerability of
observation means.

2. Determination of the projectile's landing
point by artillery radar [20,21]. Drawback -
demasking of the observation process due to radar
radiation.

3. Processing of sound signals from projectile
bursts, i.e., the use of sound reconnaissance means
for artillery in the “Service of own firing”
mode [22]. Drawbacks include the need for large
spatially distributed sensor systems, and strong
dependence of efficiency on weather conditions.

The issues of the occurrence and accounting of
random disturbances during artillery firing are
covered in sufficient detail in [17, 24], [25, 26]. It is
advisable to use them to improve the tactics of using
the artillery component of a military computer game.

GOAL AND OBJECTIVES OF THE
RESEARCH

The aim of the study is to develop and
investigate a method for verifying artillery fire with
random disturbances for artillery shooting using the
example of the ARMA 3 game. Verification of a
shot will henceforth be understood as the prompt
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assessment of the deviation of the projectile's burst
point from the required point immediately after the
shot is made.

To achieve the set goal, the following tasks
were accomplished:

— construction of the general scheme of the
method;

— development of a method for calculating the
landing point of a projectile in a shot with random
disturbances based on parabolic approximation;

— conducting simulation modeling of the
developed method;

— comparison of the developed method with the
method of compensating random disturbances using
the artillery bracket method;

— conducting a preliminary field experiment
confirming the effectiveness of the developed
method.

MAIN PART
GENERAL DESCRIPTION OF THE SHOT
VERIFICATION METHOD

Fig. 1 shows the layout of the gun and the target
point.

The origin of the coordinates is aligned with the
firing position of the gun F, shooting a projectile

with an initial speed %.The diagram shows the
movement of the projectile in the vertical plane. The
aiming point P+ is located at a horizontal range X .
It should be noted that in this study, the lateral

}/' —_

deviation of the projectile caused by drift is not
considered. If necessary, this phenomenon can be
accounted for quite simply wusing well-known
methods [27]. On the surface, at three observation
points with corresponding coordinates

P (X)), P(X5),P3(X3) of measuring are

located. This points are designed to register the
moments of appearance of the ballistic wave at the

sets

respective point, #;,i =1,2,3 which correspond to the

moment of the projectile's passage over the
observation points. The task of the developed
method for verifying a shot with random
disturbances is to estimate the landing coordinate of
the projectile based on the registered times of the
projectile's flight over the observation points and to
determine whether it satisfies the required accuracy.

METHOD OF MEASUREMENT PROCESSING

Step 1. For the firing point P, the projectile's

speed is determined from the firing tables for the
given type of projectile and charge (full firing
preparation, random disturbances are possible). For

each of the points P i (j=1,2,3), based on the data
from the previous points P; (i =0,1,2 the following

calculations are performed.
Step 2. The section of the projectile's trajectory

P P;r is approximated by a straight line segment

P{"P" (Fig. 2).

o~

t G 5

B0

.
Pu(X)

Fig. 1. Layout of the gun and target point

Source: compiled by the authors
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Fig. 2. Calculated section of the trajectory

Source: compiled by the authors

The air resistance force acting on the projectile
in flight is described by a quadratic model [29]:
2
R=C, p%SM , (1)
where C, is the integral coefficient of resistance; p

is the air density; v is the projectile speed; S is the
cross-sectional area of the projectile; M =v/c is the
Mach number; c is the speed of sound in the air.

The vector R is directed opposite to the vector

v, therefore the force R gives the projectile a
negative acceleration

a=R/m, 2)
where m is the mass of the projectile.

Then, the speed of the projectile at point P}r is

2

v
vjzvj—Cxp7SM/m. 3)

The approximate length of the trajectory
segment
tr ptr v 2
P P; :v,-Atl-j—Cxp?SM/mAtij, 4)
where At =t;—t;.
As a result of performing computational
procedures (1-4) in a right triangle Pl-er;rPl-j two

sides P,-WP;V and PfrPl-j =X, —X; are known.

Then, the elevation of the projectile's flight

. . . tr .
trajectory along the Y-axis at point Pj relative to

point P is:

2 2
AYy =\ J(PIPI - (PFR)Y . ()
The height of the projectile's flight over point
P is

Y; =Y, +AY;. (6)

As a result of the described computational
procedure, points of the projectile's trajectory

points B”(X1,%;), PV (X5.Y,),
P3W(X3,Y3), and for the firing point Py(X, =

elevation over

O, YO = 0)
Step 3. Approximating parabolas are

constructed for each triad of points:

(Py, B, P"y— ¥ = 4 X%+ B.X,

(Py, PI', Py — Yy = yX? + By X , (7)
(Py, B", Py~ V3= 44X+ B3X .
Another approximating parabola can be

constructed for four points
(R, A", P P )= Y= A X7+ ByX . (8)

Each of these approximating parabolas serves
as a model of the projectile's motion, to some extent
compensating for the random disturbances in firing.
The intersection points of the approximating
parabolas with the surface (non-zero roots of the

ISSN 2617-4316 (Print)
ISSN 2663-7723 (Online)

Information systems and technology

365



Maksymov M. V., Boltenkov V. O., Gultsov P. S., Maksymov O. M. / Applied Aspects of Information Technology

2023; Vol.6 No.4: 362-375

parabolas) Pi,PE,Pf,Pf are approximate estimates

of the projectile's landing point. The arithmetic mean
of the intersection points of the approximating
parabolas with the surface
X=X+ X2+ X2 +xH/4 is the
estimate of the projectile's landing point with
compensated random disturbances.

It should be noted that in reality, more than four
approximating parabolas are constructed, but in the

averaged

end, exactly four are selected for the estimate X 9
according to the algorithm described below.

Algorithm for sign permutation AYij

In the calculation using relations (2-6), it was
assumed that point j is located on the trajectory
above point i. In a real situation, the Y -coordinate
of point i may be greater than the Y-coordinate of
point j. This can occur, in particular, if point j is
located on the descending branch of the projectile's
trajectory. Therefore, when estimating AY;;, both

positive and negative values of AY; should be
calculated.
Accordingly, for each point P;,(j=1,2,3), two

values of the projectile's flight height over point
P;should be calculated:

+_
Y=Y +AY,, o)
Next, when constructing approximating

parabolas for each point P;,(j =1,2,3), entering the
triad (7) or tetrad (8), two parabolas are constructed —
Y =AlX*+BiXand Y; =4, X7 +B;X,(j=123).

Then, for each of the two parabolas, the distance

from the approximated landing
point A% = ‘XIJ- ~Xu,(j=1,2,3)  and
A; = ‘XI] - X+|,(j=12,3) are determined. The

“correct” approximating parabola is chosen as the
one with the smaller distance value A j,( j=123).

The consideration of the mutual arrangement of
points P; and P. , which is provided by the proposed

algorithm, leads to the formation of four "correct"
approximating parabolas in step 3 of the described
method.

The general scheme of the presented method is
shown in Fig. 3.

The proposed method was modeled for
shooting from the M109 howitzer, which is part of
the artillery armament in the latest versions of the
ARMA 3 game, using the M107 projectile with a
caliber of 155 mm.

The initial speed of the projectile and the time
moments of flight over the control points were taken
from the approximate ARMA 3 fire tables (FT) [28].

Characteristics of the projectile [29]: mass 43
kg, diameter 0.15471 m, initial speed (full charge
#4) [28] 684.3 m/s. Preparation for firing —
complete. For calculations, the following values
were adopted: p =1.2041 kg/m?, ¢ = 341.6 m/s,
aiming point coordinate X,= 15000 m. The integral
resistance coefficient C, was selected from Tables
[29]. X coordinates of the measuring points: X (P;) =
5500 m, X (P,)= 7700 m, X (P3)= 9800 m.

Flight times at measuring points with random

disturbances ¢ (i =1,2,3) were formed as follows:

5 % random disturbances were introduced into the
table flight times:

ti=tIT + At At € rand[0.95A1;;1.05A11(i=1,2,3) .

1
Simulated parameters are presented in Table 1.

SIMULATION MODELING OF THE SHOT
VERIFICATION METHOD

According to  equations (2-9), four
approximating parabolas were constructed (Fig. 4).
The simulation results are presented in Table 2.

Table 1. Parameters of the simulation modeling of the shot verification method

Parameters corresponding to the locations of microphones on the
Simulated Parameter firing line direction
1 | 2 | 3
Target coordinate by sight, m 15000
Distance from the gun to the
measuring microphone, m 5500 7700 9800
Time of flight, s 10.2 15.4 19.5

Source: compiled by the authors
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Fig. 3. General scheme of the verification method

Source: compiled by the authors
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Fig. 4. Approximating parabolas
(constructed: a — based on points 7, P, P,; b —based on points Py, P, P;5;
¢ — based on points P, P,,P;; d —c—based on points Py,R,P,,Ps)
Source: compiled by the authors
Table 2. Simulation results of the shot verification method
Simulation Results Approximating Parabolas
#1 #2 | #3 | #4
Target Range X,, m 25000
Parabola Equation A
Coefficients -0.000096 -0.000088 -0.000080 -0.000087
2
Y=AX"+BX B 1.32 1.27 1.19 133
X:, m 13794 14513 15113 14880
X., m
14575
Source: compiled by the authors
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For clarity, the final sections of the
approximating parabolas are shown in Fig. 5.

2500
2000

1 50H)

Y, m

[ =

A0 ¢

1.3 135 1.4 145 1.5
Distance X, m < 10

Fig. 5. Final sections of the approximating

parabolas
Source: compiled by the authors

The simulation modeling of the proposed shot
verification method demonstrates three main results.

1. The verification method compensates for
random disturbances through the use of a system of
approximating parabolas, achieving an error of about
0.5 % of the firing range.

2. The proposed method allows for verification
based on a single shot, obtaining verification results
even before the projectile lands.

150

10

il (1Y) SiHHY LT

ETRE] KK | N

Dhstance X, i

3. The approximating parabola constructed
from four points allows for better compensation of
random disturbances.

Comparative analysis of the proposed method
with compensation of random disturbances by
consecutive corrective shots

To demonstrate the advantages of the proposed
method, a model calculation of firing at the same
range was carried out using a precise trajectory
calculation program based on the NATO STANAG
4355 standard [30]. The projectile flight model
underlying the standard describes the projectile as a
moving material point with 5 degrees of freedom. It
is currently considered the most accurate description
of the projectile's trajectory for large calibers. Full
modeling in accordance with [30] was conducted
using software code, as detailed in [31].

To create equivalent modeling conditions,
random disturbances in this case were introduced by
pseudo-randomly changing the initial velocity of the
projectile:

VAt kT 4 Avg, Avy € rand[0.975v8 11,0250 7] . (10)

After each shot, the deviation of the projectile's
landing point was assessed, and its compensation
was carried out using the artillery bracket method
with aiming angle correction on subsequent shots.
Fig. 6 shows the projectile flight trajectories for five
consecutive shots. The results of the simulation are
presented in Table 3.

(BRI (RNl

Fig. 6. Calculated ballistic trajectories for five shots with sequential correction
Source: compiled by the authors
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Table 3. Simulation results of compensating
random disturbances with sequential shots
according to the STANAG 4355 model

Shot Numbers

Simulation Result #1 #2 #3 | #4 | #5

Target Range X,, m 15000

X;, m 13750/15520114630/15200]14600

14740

X,, m

Source: compiled by the authors

Fig. 7 shows the final sections of ballistic
trajectories for five consecutive shots.

The simulation results show that to compensate
for random disturbances to a level of error of 0.5%
of the range, the method of traditional ranging shots
requires at least five consecutive shots.

Fig. 8 shows the simulation results on the maps
of the ARMA 3 game.

Fig. 7. Final sections of ballistic trajectories for

five consecutive shots
Source: compiled by the authors

ADVANTAGES OF THE PROPOSED SHOT
VERIFICATION METHOD

The proposed method of verification with
parabolic approximation, as shown by simulation
modeling, provides the ability to compensate for
random disturbances to quite acceptable levels of
shooting errors with just one shot. The calculations
related to the construction of approximating
parabolas are fairly simple and can be obtained by
the player even before the projectile lands. The
proposed method reduces the firing time of the
weapon, decreases the expenditure of ammunition.
In this regard, it opens new possibilities for the
player to maintain the combat capability of the
weapon.

CONCLUSIONS

A method for verifying artillery fire with
random disturbances has been developed and
studied. The method is based on the approximation
of the projectile's flight trajectory by a parabolic
relationship using three or four points. The
developed method makes it possible to verify a shot
even before the projectile lands and bursts.
Computational simulation experiments demonstrated
that the developed method significantly limits the
firing time of the weapon and the expenditure of
ammunition when compensating for random
disturbances compared to traditional ranging shots.
Depending on the player's goals, the method allows
either to significantly increase the likelihood of
winning by saving time and ammunition resources,
or to enable the player to master real techniques of
using modern artillery included in the latest versions
of the ARMA 3 game.

Since this study investigated the firing of a
single weapon, as a perspective for further research,
it is planned to generalize the results to the firing of
a weapon as part of a battery.
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Fig. 8. Comparative results of simulation shooting on ARMA 3 Maps
(LF - line of fire, lateral deviation due to drift not shown):
a — refined method of sequential ranging; b — verification method with

compensation of random disturbances using approximating parabolas
Source: compiled by the authors
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AHOTALIA

Komm'torepHnii reiMiHr 3aiiMae MilHE Miclle B CHOTOIHIIIHIX MeIia-KyJIbTypi Ta mMerdia GizHeci. KoMm'toTepHi irpu mupoxo
3aCTOCOBYIOTHCS SIK 3aci0 po3Bard, i Ak 3acid ocBiTH. TpaauiiiHe Micue y KOMI'IOTEPHOMY TeHMIHTY TOCIIAIOTh BICHKOBI irpH.
OpHak came B Iiif Taiy3i TeiMIHTY CHOCTEPIraeThCsl TOCTpa CYNEPEUHICTh MK CyNeppeaTiCTUIHOO SKICTIO BiZIe0 KOMIIOHEHTIB Ta
OOMEKEHICTIO CIIEHApPHOI KOMIIOHEHTH TpU. 30KpeMa, y pas3i pPO3BUTKY irop BiCHKOBOTO HampsMy IIBHAKO PO3BUBAETHCS
BIIPOBA/DKEHHSI Cy4acHHX 3pa3KiB 30poi. Y TOH e yac AOCBiJ BiHCHKOBUX KOH(IIKTIB OCTAaHHBOTO ACCATHIIITTS Ta BUPOOJICHI HOBI
TaKTHYHI IPUHOMH B irpH BOPOBAKYIOTHCS HACHITY. Y Wil pOOOTI MPOAEMOHCTPOBAHO MOXKIIMBICTh BAOCKOHAICHHS apTHIICPIHCHKOT
kommoHeHTH ARMA 3. B aptunepilicbkoMy MOCTpili 3aBKIu € BUNagkoBi oOypeHHs. Lli o0ypeHHS HEe MOYKHA YCYHYTH B Ipoleci
MiATOTOBKH CTPUITHWHHU. HacmpaBni BOHM KOMIIEHCYIOThCA IUISXOM MHOCHIZOBHOI mpucTpinku. CydacHa TaKTHKA CTPULTHHHHU
noTpedye MaKCUMAJIFHOTO CKOPOYEHHS Yacy BOTHEBOTO MPOSIBY apTHIICPIHCHKOTO MiAPO3aily. Y mbOMY BCS IUIaHI TyXKe aKTyalbHi
MeToau Bepudikalii KoKHOTo apTriepiiicbkoro noctpiny. [1ix Bepudikaniero po3yMieTbes MiATBEPIHKEHHS €()EKTHBHOCTI MOCTPLITY
0JIpa3y Micis Horo 37iiiCHeHHS. 3alpOIIOHOBAHO Ta AOCIIIKEHO METO/ BepuQiKallii mocTpiiy 3 peecTpallii yacy MpoiboTy CHapsSaoM
TPHOX KOHTPOJBHUX TOYOK. Ha mizcTaBi 3apeecTpoBaHUX YaciB MPOJIBOTY CEHCOPaMU OYAYETHCS CHCTEM alpOKCUMYIOUHX ITapadol.
PimeHHs cuctemMu M03BOJISIE BH3HAYUTH OYiKYBaHY TOYKY PO3PHBY CHapsija Imie 10 npu3eMieHHA. OLiHKOI BiIXHJICHHS TOYKH
PO3pHUBY BiI TOYKH NPHUITIOBAaHHA BEPH(IKYETHCS SKICTh apTHiepiiickkoro mocTpimy. [IpoBemeHo iMiTamiiiHe MOIETIOBaHHS
3allPOIIOHOBAHOTO MeToay. [IpogeMOHCTpOBaHO, M0 MapadoTiyHa armpoOKCHMAIlisl JO3BOJISIE €(EKTHBHO KOMIICHCYBATH BHIIAIKOBI
30ypeHHs mocTpiny. [IpoBeseHO MOpiBHAHHS 3alpPONOHOBAHOTO METOIY 3 METOJIOM KOMIIeHcamii 30ypeHb MUITXOM IOCIiI0OBHOTO
npuctpimoBanHs. [lokazaHo, MO 3aMPOINOHOBAHUHI METOJ] IO3BOJISIE CYTTEBO CKOPOTHTH 4ac BOTHEBOTO IIPOSBY 30poi Ta BUTpATH
CHapAJIB Ha ypakeHHs MeTH Juis rpaBust ARMA 3.
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