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The article presents the developed artillery fire remote control complex
using unmanned aerial vehicles (UAVSs) based on an artificial intelligence
(Al) algorithm. The developed complex for artillery fire control includes
sensor modules for assessing the environment, collecting and processing
information, planning and decision-making, and developing a command for
the commander of an artillery battalion, division, or brigade. The main
advantage of the developed artillery fire control system using UAVs based
on an Al algorithm is the most rapid decision-making without human
intervention, based on a quick assessment of the environment, the type of
enemy weapons, and their category of importance, and an assessment of the

A_m”ery fire distance to the enemy’s military arms. An algorithm is proposed to minimize
Flredpolwer the power of artillery fire to suppress the enemy.
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1. INTRODUCTION

In recent years, automated control systems have been increasingly used to increase the efficiency of
artillery fire [1]-[5]. At the same time, the use of artificial intelligence (Al) in fire control systems is of
particular importance. As is known, Al has impacted military dynamics between warring countries in the 21
century. For example, in the works [6]-[14], the impact of Al on modern warfare has been assessed.

Unlike existing methods, the use of Al technology in the automation of artillery fire control systems
allows for the rational use of artillery weapons of different calibers, depending on the required specific
firepower per unit of front width and the changing situation at the tactical level of the front. Taking into
account the changing situation, rational control of artillery destruction power can be achieved using an
unmanned aerial vehicle (UAV) with a proportional-integral-derivative (PID) controller based on Al [15]-[22].
Unfortunately, most scientific works on this topic are not available to a wide range of scientists. Based on
minimal information from the available literature, one can only guess what artillery fire control systems exist.

Application of fire power in recent conflicts by UAVs, for example, in Karabakh or Ukraine, has
been innovative and dynamic. It was noted in the work [1] that long-range precision fires with loitering
UAVs and artillery munitions assisted by spotter UAVs have been very effective. Automated and networked
integration of various fire power assets, UAVs, weapon locating radars, electronic warfare systems, and fire
control system has proved very lethal.

In paper [1]-[5] the analyses the application of UAVSs in the role of the forward observer for artillery
operations, based on the experience of the armed forces worldwide has been done. It is proposed to introduce
UAVs into the artillery fire support system to increase the capabilities of artillery weapons in Croatian
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Armed Forces. The analysis of small UAVs suggests that the Orbiter 3B system (UAV mass is 30 kg, flight
time is 7 h, the maximum speed of the UAV is 93 km/h) is highly suitable for tactical reconnaissance and the
support of short-to-medium-range artillery.

Levchenko et al. [4] notes that artillery aiming control technology is rapidly developing, and
currently the fire control mode is fully automatic. This paper analyzed the development related technologies
of aiming control mode, puts forward an Al development mode of artillery weapon equipment aiming
control. The paper discusses the characteristics and differences between Al artillery and computer automatic
control (signal perception and control strategy layers, and drive execution).

The Azerbaijan Armed Forces are well poised to explore and optimally exploit potential of UAVS.
An automated networked sensor shooter link integrating the intelligence, surveillance, reconnaissance
architecture, and the targeting entities have been ensured. Also, there are a common GIS and common
communication protocol in UAV control system.

This paper presents a complex for remote control of artillery fire using a UAV with Al. The
unmanned robotic artillery fire control system includes sensor modules for assessing the environment,
collecting and processing data, planning and decision-making, and developing commands for the commander
of an artillery battery, battalion, division or brigade. Also, the paper outlines the developed methodology for
minimizing firepower to suppress enemy force.

2. PROPOSED ALGORITHM: ARTILLERY FIRE CONTROL AUTOMATION COMPLEX
The main disadvantage of existing fire control methods for artillery systems is that they do not take
into account the control of the firepower of the front line unit, as well as the variability of the combat
situation: the movement of enemy forces, the destruction of enemy military equipment, the replenishment of
fresh enemy forces. Unlike existing methods, the use of Al in artillery fire control automation systems allows
for the rational use of artillery weapons of different calibers, depending on the required specific firepower per
unit of front width and the changing tactical situation of the frontal situation at the front. Taking this into
account, rational control of artillery destruction power can be achieved using a UAV with a Al PID controller
[15]-[22].
Figure 1 shows the PID controller architecture of an intelligent artillery fire control using a UAV.
The main components of the intelligent system management controller are:
— Sensor module 1; it helps to collect information about environmental parameters (situation) and the
phenomena being studied that may affect a specific system or process;
— Module 2; this module includes blocks for processing and integrating input data, sensor data synthesis,
logical inference and interpretation, situation recognition, obstacle recognition, and threat assessment;
— Module 3; this module includes blocks of operational assessment, planning and correction of actions (for
example, UAV flight modes), development of a mission plan, exceptions, and condition monitoring;
— Module 4; this module includes command generation blocks for a surveillance camera, autopilot and
other autonomous controllers.
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Figure 1. Architecture of Al PID controller for artillery fire

The importance of weapon categories is divided into different K categories depending on their
purpose and role in military operations. Figure 2 shows a diagram of artillery fire control using UAVs based
on Al. Let us briefly describe the principle of this control.
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The UAV conducts reconnaissance of the near and far zones of the front, using data from daily
ground reconnaissance. The “near” enemy front line is conventionally assumed to be S;;=2+5 km, the “far”
front line is S;=15+20 km from “our” artillery battery (division, brigade). The UAV identifies the types of
enemy weapons and determines their K; importance categories.
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Figure 2. A diagram of artillery fire control using Al UAVs

Depending on the type of operation (offensive or defensive), experts assess to varying degrees the
importance of weapons and equipment belonging to these categories K (Table 1) [23]-[25]. These K; values,
given in Table 1 for different categories of weapons and equipment, are relative in nature; depending on the
opinion of experts, their mutual ratio can take on different values depending on the sources.

The higher the K; weapon's importance value, the more important it is to destroy it first. This
principle is embedded in the control program for the complex being developed. The UAV determines the
distances S from each of “our” artillery (mortar) installations (i = 1, 2, 3...) to each military object (artillery
installation, mortar) of the enemy on the “near” (j = 1, 2,...,6...) and “far” fronts (j = 7, 8, ..., 10...). Based on the
values of K; and S, the UAV prepares decisions and sends them to the central post to the commander of the
battery (division, brigade), as well as the commander of each artillery unit.

Table 1. The importance of weapons

Categories, K Weapons and equipment Importance of categories, K;
Offensive Defense

| Small arms 33 3,7
1l Tank 100 94
11 Infantry fighting vehicle 69 71
v Armored personnel carrier 36 30
\Y Anti-tank weapon 55 73
VI Artillery gun 92 95
VI Artillery multiple rocket launcher 95 99
Vil Mortar 48 55
IX Helicopter 89 109
X Air defense equipment 44 56

3. RESULTS AND DISCUSSION

The main advantage of an unmanned artillery fire control system operating using UAVs with Al is
the fastest possible decision-making without human factor based on a flexible assessment of the environment
(situation), the type of enemy weapons and the category of their importance, as well as the distance to enemy
military installations. As can be seen from the analysis of the problems of automating artillery fire control
[1]-[5], the development of existing and future automated control systems at the tactical level is almost
always carried out in conditions of a limited number of artillery systems. Therefore, as the first objective
function of the problem of optimal synthesis of an automated workstation for the commander of an artillery
battery (brigade, division), it is proposed to use the total firepower Py of its components.

This optimization problem is proposed to be solved using the following objective function:

Po=3M P oy + 502 Py xg o + XM Byt Xy — min )
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Here, P1 and n; are the firepower and the number of a caliber of the artillery device 1 (field-gun, mortar,
multiple rocket launcher) (Table 1); P, and n; are the firepower and the number of a caliber of the artillery
device 2 (field-gun, mortar, multiple rocket launcher); Pn and nn are the firepower and the number of a
caliber of the artillery device m (field-gun, mortar, multiple rocket launcher); and xm determines the selection
of specific components.

Thus, knowing the firepower of enemy artillery units P and using (1), the minimum necessary
firepower (rational amount) of “our” batteries (division, brigade) to suppress enemy fir can be estimated:

PO > P

In addition, to rationally use the firepower of “our” artillery systems, the dynamic power method can be used
[24], [25].

Suppose that m is a number (j=1,2,...,m) of firing devices and k is a number (i=1,2,...,k) of targets.
Let denote by p;i the probability that the j-th small weapon will destroy the i-th target. These values are listed
in Table 2 in the first column for the corresponding target number. Let denote the satisfactory probability of
hitting each target as p? (i=1,2,...,k). Ci (i=1,...,m) is a cost of an artillery shell. Depending on the degree of
importance, these probabilities are written in the last row of Table 2.

Table 2. Data of task

Firing Acostofan  Maximum number Targets
devices artillery shell of artillery shells Target Target Target Target
Ne 1 Ne 2 No i Ne k
Ne 1 Cy N, P11 X11 P12 X12 o DPu X1i v D1k X1k
Ne2 G N, D21 X21 D22 X22 - P2 X2i o D2k X2k
Ne 3 G N; D31 X31 P32 X32 - Pz X3i o D3k X3k
Ne j C] N; Pj1 Xj1 Dj2 Xj2 - Dji Xji o Djk Xjk
Nem Cm Nm Pm1 Xm1 Pm2 Xm2 Pmi Xmi Pmk Xmk
Pl x  p3 X P x P X

To destroy targets, you need to distribute them among firing devices. Let denote the number of
projectiles that must be used to hit the i-th target with the j-th device as xj; (see 2" column for the

corresponding numbered target in Table 2). Let C; denote the cost of the projectile used by the j-th shooter,
and N; the number of such projectiles at his disposal (see columns 2 and 3 of Table 2).
Statement of the problem. The value x;; must be found when the following conditions are met:
1) Targets must be destroyed with a given probability;
2) The number of shells expended by each artillery unit must not exceed the number of shells available;
3) The total cost of the shells used should be minimal.

Let formulate a mathematical model of the given problem:
Let number the artillery shells aimed at the i-th target sequentially as s = 1,2, ..., x;. Here: x; = Y7L, x;;. Let
denote the probability that the s-th artillery shell will destroy the target as p,. It is clear that, p, €
{p11, 020> - Dmi}- Let write an algorithm that calculates the probability P; destruction of a target after s
number of shots:
When s = 1, then P;; = p,. Let denote Q; =1 —p,. Then, for any s = 2,..,x; there is P;; = Ps_q; +

Qs-1,iPs, Qs,i = Qs—1,:(1 — p2).
Thus, condition 1 of the problem can be expressed as follows:
P =2pli=12,..k 2

The condition that the number of artillery shells expended by each artillery unit does not exceed the
number of artillery shells at its disposal is expressed as follows:

Yica%i SNy j=1,2,..,m 3)

From the statement of the problem it is clear that the numbers x are non-negative integers:
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x;20,j=12,...mi=12 ..,k 4
The requirement that the total cost of consumed projectiles be minimal can be expressed as follows:
I(e11, X120 s Xic) = 7;1(6} P xji) - min (5)

It is necessary to find integers x;; satisfying conditions (2)-(4) that give a minimum to the functional
J(x11, X125 o) X )

Considering the relevance of issues related to the technical condition of an unmanned artillery fire
control complex, the another criterion for choosing the composition of the technical means of an automated
complex can be proposed: this is an indicator of its reliability, that is, the average time before the device fails.

Let consider the most vulnerable element of the automated complex. In order to increase its
reliability, this criterion is written as follows:

T = min{t,, t, ...t} — max (6)

Here: ti, to, ..., t are average time between failures of selected k components of the automated complex.
These parameters {y;: i=1,n; j=1,m} can be calculated taking into account the meaning of the variables and
formula (6):

ty = Z7=11 T yijs s te = 2521 Tnj " Ynj

4. CONCLUSION

Thus, the paper presents a complex for remote control of unmanned artillery fire, developed using
UAVs with Al. The developed unmanned system includes sensor modules for assessing the environment,
collecting and processing data, planning and decision-making, and preparing commands for the commander
of an artillery battery, battalion, division or brigade. To solve the problem of optimal synthesis of an
automated workstation for an artillery battery commander, it was proposed to use the total firepower of its
components as an objective function. A mathematical model was proposed for the optimal use of artillery
installations and shells to destroy enemy targets using UAVS.
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