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ABSTRACT

One of the key directions in the development of advanced military technologies is the creation of unmanned combat systems.
Ground forces, being the most “contact-intensive” and exposed to the highest casualty rates in any type of war, have the greatest need
for such innovations. In practice, their technological development has lagged behind aviation, where Unmanned Aerial Vehicles
(UAVs) have already become widespread and demonstrated high operational effectiveness in modern conflicts. In recent years,
however, a new trend has emerged — the development of Unmanned Ground Vehicles (UGVSs), which are still in the early stages of
development and operational integration. This article presents a structured classification of UGVs according to their design features
(modernized Soviet-era vehicle platforms or specially developed electric chassis), functional roles (logistics, evacuation, engineering,
reconnaissance), mass and size categories (light, medium, heavy), and control methods (operator-controlled or autonomous).
Particular attention is given to the formation of a unified information and control space, where UGVs operate as part of a larger
network-centric system alongside UAVS, communication systems, surveillance assets, and fire control units. The article also outlines
the future prospects of UGV technology, including enhanced autonomy, the use of artificial intelligence, the development of robotic
swarms, and full integration into modern battlefield architecture. This approach will significantly reduce risks for personnel while
increasing the effectiveness, speed, and coordination of combat operations.

Keywords: unmanned aerial vehicles; unmanned ground vehicles; unmanned ground platforms; autonomous control;
classification; network-centric system; artificial intelligence

Relevance. Recent military engagements in Ukraine have demonstrated that the efficacy of
combat operations is contingent on the degree of automation in logistics processes and the capacity
to mitigate risks to personnel. Of particular importance are the so-called unmanned ground vehicle
(UGV) platforms or ground robotic complexes, which are capable of performing transportation,
evacuation, reconnaissance and engineering support tasks, including in high-risk areas.

A survey of international practice (USA, Israel, Great Britain) indicates a gradual transition
from experimental systems to regular use by military units [1, 2]. For Ukraine, which is currently
engaged in a full-scale war, the deployment of such platforms is of both tactical and strategic
importance.

In its plans and programmes for the development of military robotics, the US Department of
Defence identifies the following categories of technical means and UGVs based on them: 1)
unmanned aerial vehicles (UAVSs); 2) unmanned ground vehicles (UGV); 3) unmanned surface
vehicles (USV); 4) unmanned underwater vehicles (UUV). The latter are divided into: The
following points 4.1 and 4.2 refer to remotely operated underwater vehicles (ROVs) and
autonomous underwater vehicles (AUVs), respectively. In December 2007, the overarching
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directives for the advancement of unmanned and unmanned systems — the Unmanned Systems
Roadmap — for the period 2007-2032 were formally endorsed, delineating the objectives and
trajectory for the conception of unmanned vehicles. The primary robotic vehicles were developed as
part of the Future Combat System (FCS) programme, which was part of a comprehensive
programme to modernise the equipment and armaments of the US Army [3, 4].

A thorough examination of scientific and technological trends within the military domain
enables the identification of the primary domains of scientific and technological research in the
realm of armaments and military equipment, namely: The following subjects are to be addressed: 1)
artificial intelligence and blockchain; 2) the Internet of Things and its security; 3) unmanned
vehicles and robotics, drones and drone swarms; 4) underwater transport, in particular submarines;
5) new materials, in particular those with invisibility effects, armored materials, and biomaterials; 6)
electrification of military transport and alternative energy sources; 7) aircraft safety; 8)
communication networks, including wireless, mobile adaptive networks, and their security.

The field of artificial intelligence is widely regarded as one of the most promising areas within
Industry 4.0 and the subsequent Industry 5.0. Subsequent advancements in this domain, in
conjunction with progressions in energy storage technologies and the fabrication of novel materials,
are poised to effect substantial transformations in both the military and prevailing classes of
armaments.

Literature Review. Network war is a form of conflict that focuses on coordination,
connectivity, and information dominance rather than purely physical destruction of the enemy. The
key element is the creation of distributed networks of military and non-military actors interacting in
real time. Network-centric warfare (NCW) is an advanced form of network warfare that emerged in
U.S. military doctrine in the late 1990s. Its core is the integration of sensors, shooters, command
and control, and support elements into a single information environment to achieve decision
superiority and operational dominance [5, 6].

Principles of Network-Centric Warfare are the following (Table 1): 1. Integration of all combat
elements into a single information space. 2. Situational awareness for each participant. 3.
Decentralized but synchronized decision-making. 4. Rapid reaction based on shared data and
automated decision support. 5. Significant increase in operational effectiveness [7, 8].

Table 1. Comparative characteristics of different wars

Characteristic Conventional War Network War Network-Centric
War
Command structure Centralized Distributed Unified network
information space
Main objective Destruction of Disruption of Information
forces coordination dominance
Role of information Auxiliary Important tool Core element of
strategy
Means Troops, aviation, Cyber, social, Integrated combat
navy informational and information
systems
Decision-making Centralized Partially Networked and
autonomous instantaneous

Examples of Network and Network-Centric Operations: 1. Operation Desert Storm (1991) —
first massive use of integrated information systems in real-time coordination. 2. Irag War (2003) —
implementation of network-centric concepts with UAVSs, satellites, and command systems. 3.
Russian-Ukrainian war (2022—-2025) — integration of drones, artillery, EW and command systems
through Starlink and other networks.
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Role of unmanned ground vehicles (UGV) platforms is important: 1. They act as critical nodes
in network-centric operations. 2. They perform reconnaissance, logistics, fire support, and remote
attack missions. 3. Integrated with Unmanned Aerial Vehicles (UAVS), artillery, electronic warfare
(EW), and command centers, 4. UGVs increase battlefield awareness and enable distributed,
coordinated action [9, 10].

The paper aims to create a structured classification of UGVs according to their design features
(modernized soviet-era vehicle platforms or specially developed electric chassis), functional roles
(logistics, evacuation, engineering, reconnaissance), mass and size categories (light, medium,
heavy), and control methods (operator-controlled or autonomous).

Methodology is based on a classification of unmanned Ground Vehicles (UGV) and includes
classifications of (1) unmanned Ground Vehicles and (2) control systems.

As for the first, according to design features there are the following directions (Table 2):

1. The process of modernizing Soviet-era equipment is underway. The most expeditious
method of creating a UGV is to adapt existing vehicles (ZIL-131, UAZ-469, KAMAZ-4310). A
significant number of these models remain in Ukrainian Armed Forces warehouses and can be
retrofitted with remote or semi-autonomous control systems. The primary benefit is the low cost of
the base platform and the availability of spare parts. The primary disadvantage associated with this
approach is the significant fuel consumption and the resulting wear and tear of the units, both moral
and physical.

2. The utilization of bespoke electrically operated platforms is a key component of the system.
These are created using modern technologies, including electric wheels, a modular design, and the
capacity for rapid module replacement (e.g. reconnaissance, cargo, medical). While such solutions
hold greater promise in the long term, they necessitate a more complex production base.

Table 2. Comparison of two approaches: modernization of soviet cars and creation of new
electric platforms

o Modernized soviet vehicles .
Criterion (ZIL, UAZ, KAMAZ) Modern electric platforms
Accessibility High (large quantity in stock) Limited, r:\;ze\}/:/jg)(;oductlon
Cost Low (=20-35 thousand Higher (=70-120 thousand
USD/unit) USD/unit)
Energy efficiency Low (high fuel consumption) High (power supply, hybrids)
- . . Average (modern components
Repairability High (spare parts available) required)

According to intended use: 1. Logistical (delivery of fuel, lubricants, water); 2. Evacuation
(transportation of wounded personnel, towing of damaged equipment); 3. Reconnaissance
(equipped with cameras, thermal imagers, UAVs for complex operations). 4. Engineering
(demining, laying crossings, fortifying positions).

According to the mass and size characteristics (Table 3): 1. Light (up to 500 kg) — mobility,
ease of production, low cost; 2. Medium (0.5-2 t) — versatile, capable of performing a wide range of
tasks; 3. Heavy (2-10 t and above) — towing armoured vehicles, performing engineering tasks.

As for the second, according to the control methods there are the following directions
(Table 4): 1. Operator control (RC/FPV) is performed using joysticks, consoles, and FPV systems.
Used for tactical tasks in real time. 2. Autonomous control is based on GPS, INS, LIDAR, camera
data, and SLAM algorithms; it allows routes to be flown without constant human supervision. 3.
Mixed systems which involve switching modes depending on conditions — the most realistic option
for the modern battlefield.
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Table 3. Classifying UGVs by weight and functional capabilities

Type of operation Load capacity |Range Autonomy | Critical parameters
Delivery of spare parts [500-800 kg  |50-70 km 8 hours Accuracy of delivery time
Evacuation of equipment | 1200-1500 kg|30-50 km 6 hours Towing stability
Field repair 800-1000 kg [20-40 km 12 hours Availability of tools
Fuelling 600-900 kg [60-80 km 10 hours Fuel system tightness

Table 4. Algorithm of interaction between sensors and control systems in UGV

System component Integration method Advantages Difficulties
The “Trizub’ API interface for data | Automatic status Lack of standardized
management system exchange updating protocols

ereless_ _ Additional radio station Co_m|_oat|b|I|t_y with Limited bandwidth
communication modules existing equipment
N Hybrid GPS/GLONASS |Operation without The need for
Navigation systems A . o
+ inertial satellite signal calibration

Simple tracking of

Accounting systems .
material resources

QR coding of cargo Manual data entry

The above data provide an answer to the question about the relevance of using soviet
equipment as a basis for the UGV. Advantages: 1) large quantities in stock; 2) availability of
production facilities for repairs; 3) rapid commissioning. Disadvantages:1) high fuel consumption;
2) lack of armor plating and modern protection systems; 3) low reliability compared to modern
models. Consequently, the utilization of soviet vehicles can be regarded as a provisional measure
that facilitates the expeditious production of initial prototypes. Concurrently, the strategic direction
should be predicated on the creation of novel electric platforms adapted to the requirements of
modern warfare.

Technological aspects of UGV implementation include: 1. Localization and navigation. The
combination of GNSS, INS, LiDAR and cameras ensures movement accuracy of up to 0.5 m even
in difficult conditions. 2. Logistics automation. UAVs can reduce delivery times by 20-30%
compared to traditional methods. 3. Economics. One Ukrainian prototype costs approximately
35,000 USD, which is several times cheaper than the loss of a trained crew or armored personnel
carrier.

System UGV will make up a significant share of the military units' automotive support system
(Table 5).

Conclusions. 1.The use of unmanned ground robotic platforms (UGV) is a relevant and
necessary direction for the development of the automotive support system of the Armed Forces of
Ukraine. 2. In the short term, it is advisable to convert soviet vehicles into temporary platforms. 3.
In the long term, the focus should be on creating specialized electric platforms with modular
architecture. 4. Combining these approaches will simultaneously address the urgent needs of the
war and lay the foundation for post-war modernization of the army. 5. Prospects for the Armed
Forces of Ukraine: reduction of combat and medical losses; increased pace and autonomy of
operations; localization of production and creation of jobs; technological response to the challenges
of hybrid and electronic warfare.
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Table 5. Integration of UGV into the automotive support system

Level of Intearated svstems Interaction Effectiveness Prospects for
integration g Y technologies development
- NATO STANAG
4694, MIL-STD- - Connection time |- Quantum sensors
- Tractors and .
vehicles 1882 standards <5min _ for_autonomous
Hardware - CCS Combo 2 - Compatible with | maintenance
- Fuel systems o .
! . unified connectors | 95% of - Wireless power
- Charging stations . .
- Automatic equipment transfer
mounting systems
- ASU ‘Trizub’ - APl v3.4+
-Artroscalculation |- JSON/MIL-STD -Datadelay <2 |- Al route
Software systems formats f’%gggz% ?g;g}ﬁiﬂ;ﬂ for
- Medical - HL7 for medical | . otion logistics accountin
databases data yp g g
- Reconnaissance |- VMF for target - Real-time - Quantum
UAVs exchange coordination communication
Tactical - Artillery units - ADatP-37 protocol |(5 Hz) . :
. . . - Swarm interaction
- Medical - Automatic ‘security |- Accuracy of 0.1
. . , of platforms
evacuation teams. |windows m
- Electronic ctg ﬁnzmlc frequency | Protection
warfare systems nge against 99.7 % of |- Quantum key
- Biometric U
Safety - Cyber defence o attacks distribution
. authentication . .
- Cryptographic . - Automatic - Neural encryption
- Quantum-resistant L
systems . channel switching
algorithms
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AHOTANIA

OpHUM 3 HaAWBaXIIMBILIMX HANPSMIB PO3BUTKY BHCOKOTEXHOJIOTIYHHMX BIHCHKOBHX PO3POOOK € CTBOPEHHS Oe3eKilasKHHX
6oiioBux cucreM. Haii0inblue Takux HOBOBBECHb MOTPEOYIOTh CYXOIYTHI BiliChKa, SIK HAWOLIBII «KOHTAKTHUID PiJ] BIHCHK, 110 Hece
3HA4YHI BTpaTH y BiliHax Oyap-skoro Tumy. Ha mpaktuii ix TexHonoriuHe 3a0e3neueHHs! icTOTHO BificTae Bij aBialii, Ae 6e3miioTHi
nitanpHi anaparu (BITJIA) yxe HaOynu MacoBOro MOIIMPEHHS Ta MPOASMOHCTPYBalIU e(EeKTHUBHICTh Yy Cy4acHUX 30pOHHHX
koHutikTax. [IpoTe ocTaHHI POKU XapaKTepHU3yIOThCsl AKTUBHUM (POPMYBAHHSIM HOBOTO HAIPSIMY — PO3BUTKY OE3IIIOTHUX HA3EMHUX
TpancroptHux 3acobiB, a6o UGV (Unmanned Ground Vehicles), siki mepeOyBaloTh Ha paHHIX eralax CTaHOBJICHHS Ta
BJIOCKOHAJICHHS. Y CTaTTi pO3MIIAAAIOThCS KiIr04oBi miaxonu 1o kiacudikamii UGV 3a KOHCTpYKTUBHUMHE O3HaKamMu (MOIEPHi30BaHi
aBTOMOOUIBHI TIATGOPMHU  PaJTHCBKOrO 3pa3dka abo cremianbHO pPO3po0ieHi eneKTpoMoOiIbHI 1maci), 3a (YHKLIiOHATBHUM
MpU3HAYCHHsIM (JIOTICTUYHI, €BaKyalliiiHi, iHKEeHepHi, pO3BidyBalbHi), 32 MacorabapuTHUMH apameTpamu (JIerKi, Cepe/iHi, BaxKi), a
TAKOXK 3a NPUHIMIAMM KepyBaHHS (BiA omeparopa 4u aBTOHOMHI). Oco0iMBa yBara NpUAUIAETHCS MUTAHHIO CTBOPEHHS €IMHOrO
iH(popMalli HHO-YPaBIsIoYoro npocropy, B skomy UGV QyHKIIOHYIOTh Y B3a€MOZIi 3 IHIIUMHU €IEMEHTaMU MEPeKe BOLCHTPHIHOI
cuctemu — BITIA, cucremamu 3B’SI3Ky, CIIOCTEPEKEHHs Ta YIPaBIiHHSI BOrHeM. [loKa3aHO MEPCIEKTUBH PO3BUTKY HAa3eMHHX
0e3minoTHUX IAaThOpM y HAMPSAMKY 30i7bLICHHS [X aBTOHOMHOCTi, BIIPOBaDKCHHS MITYYHOTO IHTEJEKTY, CTBOPEHHS pOIO
pOOOTH30BaHMX CHCTEM Ta IHTErpaiii B 3arajibHy apXiTekTypy OoioBux aidd. Takuil miaxif JO3BONUTH 3HU3UTH PHU3UKH IS
0cO0OBOr0 CKJIaIy Ta CYTTEBO MiABUIIHUTH ePEKTHBHICTH OOMOBUX OMepalliii.

KutouoBi ciioBa: Oe3misioTHI JiTanbHi amapaTd; Oe3MiOTHI Ha3eMHI amapatd; Oe3MmiIOTHI Ha3eMHi IIaTtgopMu; aBTOHOMHE
KepyBaHHs; Kiacu]ikallisi; Mepe:KeBOLIEHTPUYHA CHCTEMA; INTYYHUMN 1HTEIeKT
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