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Abstract

Unmanned Aerial Vehicles have brought new opportunities in the security, efficiency and
precision of aerial operations. Their application areas include military, search and rescue
operations, perimeter security, environmental monitoring etc. The UAVs have proved to be useful
in many operations and lately they are being utilized as groups to extend their capabilities. Swarm
drones utilize the drones as a group of nodes that can communicate and collaborate with each other
to realize the given mission. The use of drones as a group helps to overcome the problem of single
point of failure while improving efficiency and scalability. Although swarm drones offer so many
advantages, there are several challenges to be addressed to enable successful utilization of them.
Depending on the UAV type, a corresponding network architecture, formation strategy and
formation control method should be provided. To apply swarm drones on a large scale there are
still some areas that need to be researched and improved. The paper aims to realize qualitative
bibliometric analysis in the topic, cover main technical concepts and do comparative analysis of
different approaches in different scenarios.
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Dron qruplarinin idars olunmasinin dsas konsepsiyalari

I.M. ismayilov, i.R. Mirzayev
Azorbaycan Milli Aviasiya Akademiyasi (Baki, Azarbaycan)

Xulasa

Pilotsuz ugus aparatlari hava omoliyyatlarin tohllkasizliyi, somoraliliyi vo doqigliyi Gglin yeni
imkanlar agmisdirlar. Onlarin tatbiq sahalorino harbi, axtarig vo xilasetma, perimetr tohliikasizliyi, otraf
muhitin monitoringi vo s. daxildir. Bir ¢ox amoliyyatlarda faydali olan PUA-lar son vaxtlar bacariglarini
artirmaq tigtin qrup soklindo istifads olunurlar. Dron grupu verilon tapsirigin icrasi tiglin bir-biri ilo slage
qura Vo omokdaslhiq eds bilon fordi dronlardan ibarst olur. Dronlarin qrup soklinds istifadasi bir
komponentdan giiclii asililiq problemini aradan qaldiraraq effektivlik vo daha bdyuk migyasda totbiq edilo
bilma bacarigini artirir. Dron qruplarinin bir gox ustlinluklori olsa da, onlardan muvaffagiyyatls istifadoni
tomin etmok Uglin bir sira masalalora digget edilmalidir. Dron tipins uygun olaraq diizgiin sobaka halli,
diiziiliis strategiyasi vo diiziiliis idaroetmo metodu secilmolidir. Dronlardan qrup halinda istifadeni genis
migyasa gatirmok gln hals do aragdirilmali vo hall olunmali masalolor mévcuddur. Magalads bibliometrik
tohlilo asason miixtalif tip pilotsuz ugus aparatlari, onlarin miixtalif saholords istifado xususiyyatlori
Umumilasdirilmis, istismar goraitindon va tatbiq oblastindan asili olaraq dron siiriiliilarinin idars olunmast
tiglin osas konsepsiyalar mioyyan edilmisdir.

Acar sozlar: pilotsuz ugus aparati, dron, siini intellekt, kompiiter gormasi, idarsetmanin
formalasdirilmasi.

OcHOBHbIE KOHLIENIIUM YIIPABJICHUS POEBbIMH IPOHAMH
N.M. Ucmangos, U.P. Mup3aen

Asepbationcanckas Hayuonanvnas akademus asuayuu (baxy, Azepbaiioscan)

AHHOTAIUA

Becriunorhaeie nerarenbhble anmaparbl (BIIJIA) oTKpBIBalOT HOBBIE BO3MOXKHOCTH B OOCCIICUCHHUU
Oe3omacHocTH, 3()(PEKTHBHOCTH W TOYHOCTH BO3AYIIHBIX orepanuid. VX mnpuMeHeHne OXBaThIBaeT
MTUPOKHHA CIIEKTp cdep: BOCHHBIE 3a7a9d, TTIONCKOBO-CIIacaTeIbHBIC MUCCHH, OXPaHy TIEpUMETPa, Pa3BEIKy
U TMaTpyJldpOBaHUE TEPPUTOPUH, DSKOJOTUYECKUW wmonHutopunr u ap. BIIJIA pokazamu cBoio
3¢ (eKTUBHOCTD B Pa3IMYHBIX OINEPAIUsX, a B TOCIEAHNUE TObI BCE Yallle HCIIOIB3YIOTCS B COCTABE TPYTIIT
IUIS pactupennst (PyHKIIMOHATBLHBIX BO3MOKHOCTEH. YTIpaBIIeHHE POEM JPOHOB (MITH POEBOE YIIPABJICHIE)
MPEJCTaBIIICT COOOM CIOXKHYIO 3ajady, BKIIOYAIOIIYI0 KOOPIMHAIMIO MHOXECTBA OCCIMIOTHBIX
JIeTaTeNbHBIX allapaToB, JECHCTBYIOMINX KaK €IMHAs CUCTEMa IO MOJAENHU crau. | pynmoBoe mpUMEHEHHE
JIPOHOB TIOMOTAeT yCTPaHWTHb 3aBUCHUMOCTh OT OJIHOTO ammapaTra ¥ TOBBIIIAeT OOIIYI0 HaAEXKHOCTh
cucteMbl. lcrnonb30BaHME HECKOJIIBKHX JPOHOB BMECTO OJIHOTO oOOecreuuBacT 00jiee BBICOKYIO
3¢ (eKTUBHOCTh, OCOOEHHO B YCJIOBUSX OrPAaHMYCHHOTO BPEMEHHM, 4YTO KPUTHYECKH Ba)XXHO IIpHU
BEITIOJTHEHWH CPOYHBIX onepanuii. HecMoTps Ha MHOTOYHCIICHHBIE NPEUMYIECTBA, HCIIOIB30BAHUE
POEBBIX APOHOB COIPSIKEHO C PSAOM BBI3OBOB. I oOecreueHus WX YCIENnTHOTO (hyHKITMOHHPOBAHUS
HEOOXOJMMO PEIIUTh BOIMPOCHI, CBSA3aHHBIC C BBHIOOPOM IMOAXOJAIIETO CETEBOrO PEIICHHUS, CTPATCTHU
pa3BepTHIBAaHUS W METOJa ynpaBleHHus. B maHHO# craThe 0000MIAIOTCS CBENEHHS O Pa3IUYHBIX THITAX
BIIJIA, mx mnpuMeHEHWH B KITIOYEBHIX cdepax, a TakKe pacCMaTPUBAIOTCS OCHOBHBIC KOHIICIIIAN
VIIPaBJICHUS POEM APOHOB. AHAIN3 MPOBOJAUTCS C YIETOM YCIOBHH SKCILTyaTallly U 00JIaCTH IPUMECHECHHSI,
HAa OCHOBE OMOIMOMETPUYIECKOTO UCCIICAOBAHUS.

Kurouessle ciioBa: OecnuIOTHBIA JIeTAIOUINi ammapar, poi, OPOH, HCKYCCTBEHHBIH WHTEIUIEKT,
KOMITBIOTEPHOE 3peHue, (GOPMHUPOBAHUE YIIPABICHHS.
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Introduction

Unmanned Aerial Vehicle is an aircraft
that operates without a need of a pilot on its
cockpit. Usually, a ground control station is
used to fly them and command tasks for them
to realize. The UAV operator is responsible for
the launch of the aircraft, its airborne
movement, realization of the tasks and the safe
landing of the UAV. Due to potential delays
that may arise in the communication between
UAYV and ground control station, some of these
phases are performed automatically or semi-
automatically by the UAV itself. Usually,
takeoff and landing of the larger UAVs are
performed automatically by UAV itself since
they are very time sensitive operations and if
delay occurs with the communication crash
may happen [1]. For smaller fixed wing drones,
some help may be needed for takeoff and
landing. During takeoff catapults can help to
speed up the drones in short period of time

(Fig. 1).

Figure 1 — Fixed wing UAV with Launcher [2]

Drones have proved to be useful in
several fields including Search and Rescue
operations, environmental monitoring,
agriculture, military and etc. [3-5]. Search and
Rescue operations are among the fields where
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drones are used widely. In their articles the
authors have focused on the optimization of the
search algorithms to minimize the time
required to find the victim using UAVs [6].
They have emphasized the importance of
quality sensory data from UAV for rescue
teams. While improving search strategies, the
authors also state the idea that other factors like
energy constraints, environmental hazards and
data sharing between UAVs should also be
considered for achieving full potential of
UAVs during operation. Considering recent
developments in the computer vision
technologies, the authors have investigated the
use of different CNN detectors for automatic
detection of person during SAR operations [7].
High quality dataset plays a critical role in the
development of Al based automatic detectors
and in [8] the authors have proposed a useful
set of 2000 images along with their SSD model.

Agriculture is another field that drones
have been utilized in for different purposes.
The drones are used in precision agriculture to
optimize crop yields and improve efficiency
[9]. The authors have reviewed the use of
drones for spraying pesticides where human
labor is scarce, or manual spraying may cause
health issues. Crop monitoring has also been
covered by the authors using multispectral
camera mounted to the drone. The application
of Al based technologies with drones as
alternative to satellite images and Unmanned
Ground Vehicles have been analyzed by the
authors [10]. The authors have achieved
accurate crop classification results though the
fuse of different UAV related data and deep
learning techniques. The authors proposed a
unique technique for corn counting method
using UAV and RGB camera mounted to it
[11]. Their approach utilizes deep learning-



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2025, cild 17 (4), s. 18-29
LM. Ismayilov, LR. Mirzayev

Herald of the Azerbaijan Engineering Academy
2025, vol. 17 (4), pp. 18-29
.M. Ismayilov, I.R. Mirzayev

based computer vision approaches with data
obtained by the UAV to count corn plants.

In the modern world drones are widely
used in the military, and soon they will be
cheaper alternatives to the expensive combat
operation weapons [12]. The use of drones in
military operations may be different, like
reconnaissance, precision strikes and perimeter
security etc. Drones have played crucial roles
in recent clashes, but their operational
efficiency highly depends on the environment
they are used [13]. Although they can operate
in dangerous operations without risk to pilots’
lives, they may face limitations to answer
threats by air defense systems. Fighter jet pilot
shows much better capabilities to detect and
react to threats to the security of the aircratft.

Generally, main concepts related to
swarm drones and potential improvement areas
can be considered in the following four
directions.

Classification of UAVs

Since there are several types of UAVs
that are currently in use, it is crucial to address
the question of which platform the swarm
formation will be applied on. Mainly, the
swarm formation is applied on small platforms
like quadrotors. It will be helpful to consider
the potential of UAV grouping for much larger
platforms like fixed wing UAV's.

The drones can be classified into four
groups [14, 15]:
+ multi rotor drones
« fixed wing drones
« single-rotor helicopter
e Hybrid — VTOL (Vertical Take-off and
Landing)

Multi-rotor drones. Multi rotor drones
use their rotors to generate lift force (Figure 2
a). There are several variations of them
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depending on the number of rotors they have.
The most used version of them is the
quadcopter which has 4 rotors.

Fixed-wing drones. The fixed wing
drone's lift force is generated through its
forward motion and the resistance of the wind
(Figure 2 b). They are usually controlled
through a ground control station by drone
operators.

Single-rotor drones. The single-rotor
drone consists of one big rotor for its lift force
and a small one on its tail to direct the heading
(Figure 2 c¢). They are like actual helicopters in
structure and design. Compared to multi rotor
UAVs they have higher flying times and can be
powered by gas engines.

VTOL. VTOL is hybrid version of UAV
that combines the benefits of multi-rotor drones
and fixed-wing UAVs (Figure 2 d). When
airborne, the UAV turns into a fixed wing
drone utilizing its wing and propeller behind to

fly.

Figure 2 — Different type of UAVs

Formation Control Process for UAV
Swarms

Formation control problem is the
development and implementation of strategies
to manage and coordinate the behavior and
movement of the group of drones. The
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approaches for formation control are of three
types.

Centralized - In this approach there is a
single command center that processes all data,
makes decisions and commands those
decisions to the UAVs like ground control
stations (Figure 3 a).

Decentralized - UAVs manage
themselves through distributed decision-
making processes. Each UAV acts based on its
own information and pre-defined rules and may
be communicating with its neighbors to
maintain the formation (Figure 3 b). UAVs act
based on their local perception and pre-defined
rules without necessarily communicating with
others.

Distributed - Each UAV has a certain
level of autonomy but communicates closely
with other UAV's (Figure 3 b). Different from
decentralized, in distributed control each UAV
works collaboratively to achieve the collective
interest.

T
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Figure 3 — Drone Formation Control

Formation Strategies for UAV Swarms

For the UAVs to be able to move as a
group they must follow a specific formation
pattern. Those patterns define the behavior of
the group of UAVs as a single entity. For fixed
wing drones there are following cooperation
architectures.

Leader-follower methods - In this
method there are one or several designated
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leaders and they have followers with
predefined rules (Fig. 4). The leaders navigate
according to the mission and the followers keep
their relative position with respect to their
immediate leaders.

B ot G- S— G S G — S G— - G - — a—— i " )

Figure 4 — The communication topology of the
leader—follower multi-UAVs

Virtual Structure methods - The UAVs
are organized in a virtual structure with each
one having its position within the structure. It
involves generation of a geometric pattern in
which UAVs move as unified entity (Fig. 5).

Figure 5 — Virtual Structure

Behavior-based methods - Each UAV
makes decisions based on two sources of
information. The first one is the information it
gets through its sensors about its local
surroundings. The second piece of information
that each UAV acts upon is the state of its
neighboring UAVSs. Each drone within the
group tries to stay close to the neighbors, avoid
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collisions and move in the same direction with
its neighbors (Fig. 6).
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Figure 6 — Behavior Based Strategy

Artificial Potential Field This
approach is inspired by the concept of potential
field in physics. The drones in swarm are acting
based on the sum of two forces. The first force
that acts on the drone is repulsion force. It tries
to move the drone away from the obstacles. The
second force is an attraction force that tries to
force the drone to move towards the goal. The
sum of the mentioned forces is the final force
that defines the direction of the drone’s

movement (Fig. 7).

Obstacle

Goal

F,u(goal) -
| S

; UAV
Frcp( obs )

Figure 7 — Artificial Potential Field

Network for UAV Swarms

Generally, the network of the drone
swarm can be divided into two categories:

Infrastructure based - In this scenario a
ground or air control station is responsible for
receiving and processing messages. The station
is responsible for controlling the UAVs as well.
Currently, the drones are mostly semi-
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automated which means the swarm completes
the tasks under the control of central node.
Central node-controlled swarms are useful in
fixed-point  surveillance and  manned-
unmanned teaming. The infrastructure-based
architecture is more suitable for this scenario.

Flying Ad Hoc Network Architecture —
Nodes can join and leave the network
dynamically. Central nodes are negligible here
and the drones communicate with each other
through mutual relay (two or more entities take
turns or collaborate in  transmitting
information).

Actuality of the problem — The use of
drones as group and improvement of
performance during swarm is among the main
Issues to address.

Purpose of the work

The paper intends to define main
concepts for the improvements in the technical
capabilities of swarm drones that are being
utilized in different fields.

Problem statement

After thorough literature review about
the topic, the following analysis has been
carried out about the use of different
approaches with swarm drones. Potential
improvement areas are presented as well.

Drone classifications

The choice of drone platform to use
within swarm platform is the first question to
address. Swarm drones are usually applied on
small classes of drones like quadcopters. The
application of swarm robotics on larger
platforms like fixed wing drones offers
operational capability in higher altitudes, for
longer period. Considering stability and wide
use areas, quadcopters and fixed-wing UAVs
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are further analyzed for use within swarm
formations.  They are cheap, commonly
available and easy to operate. They require no
special take-off and landing procedures. Their
ability to hover on a specific point airborne
gives them ability to maintain the continuous
surveillance of precise location. However, they
offer very limited operational time, around 1-2
hours. Due to their smaller size, they can carry
a very limited amount of payload, usually
having only a camera. On the other hand, fixed
wing drones offer better operational efficiency
and some of them can operate around 24 hours.
Their airframe allows them to carry heavier
payloads and be stable at higher altitudes.
Fixed-wing drones have much more complex
take-off and landing procedures and usually
require a runway. Some variations of them may
take-off utilizing catapult. The lift force of

Table 1 — Comparative analysis of drone platforms

fixed-wing drones is generated through
forward movement of it; thus, it cannot hover
on a specific point airborne, and it makes the
movement of them within swarm much more
complex.

Formation Control

To operate seamlessly and realize given
tasks, drones within swarm needs to be
controlled effectively. Different formation
methods can be utilized within the swarm
drones, each with their own advantages and
disadvantages (Table 1). While centralized
method is the simplest one, it lacks scalability
and flexibility to fit dynamic requirements. The
distributed system may seem the most flexible
approach among all others, but it requires very
complex communication architecture and
higher resources.

Type of Drone Advantages Disadvantage
e [Easy to operate
Cheap e Limited operation time
dcopt *
Quadcopter e No complex takeoff and e Small Payload
landing
e Careful planning since
e Longer Operational cannot hover
Time and Endurance e Complex landing and
Fixed Wing UAV e Higher Payload takeoff
Carrying Capacity e Less agile and
e Stable at high speeds operational in larger
areas
When the task requires strict  plan the behavior of drones clearly. Single

consideration of data from each UAV and there
is a need to strictly control the behavior of each
UAV, the best approach for the formation
control is centralized approach. Centralized
approach helps to unload all processing to the
GCS, and it helps to decrease computational
overhead in drones. Drone operators in GCs
have a global view of the group and they can
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processing center makes this approach unstable
in case of failures. If GCS is unable to operate,
the success of overall mission degrades.
Managing the drones within swarm using a
centralized approach requires continuous
communication with each drone resulting in
communication overhead. Due to critical
central node in the control process, the
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scalability of the drone swarm also becomes
limited.

To improve the scalability, decentralized
and distributed approaches may be utilized. A
decentralized approach may be useful in Search
and Rescue operations when the characteristic
of the environment is unknown. In this case
drones can explore the area relying on their
sensor data and following predefined rules like
avoiding collision and moving along with the
group. Removing central control node helps to
overcome the bottleneck for scaling up using
additional drones. However, when the drones
are controlled through decentralized approach,
they need to do necessary computations for
maintaining swarm onboard. Not having a

single command center for maintaining the
formation of the swarm makes the coordination
complex and unpredictable as drones acts
based on their current data.

In unknown and dynamically changing
environments it is desirable that the drones
move based on their shared goal that they
achieve through continuous communication. In
distributed control scheme each drone
contributes to the final common interest. The
approach offers scalability and structure
formations that are resilient to single drone
failures. For achieving shared common interest,
there is a need of continuous communication
among drones requiring a sophisticated
infrastructure (Table 2).

Table 2 — Comparative analysis of drone swarm control

Simplicity - GCS based computation,

drones require minimal processing power. ° Communication
Centralized (Strict quir a1 bro Ep . overhead
. Consistency in actions - Global view .
Reconnaissance) . Scalability
of swarm by GCS . Sinele point of Fail
. Easy to implement ngie pomnt ob Fatiure
. Scalability - can accommodate larger e Complex
number of drones Coordination
Decentralized (SAR) | o Flexibility - . Onboard
. Adaptability - Can adapt when computational complexity

communication with central node fails

Distributed (Swarm
Based Reconnaissance
— share intel while
adjusting positions)

Scalability
Resilient

Formation Strategies

Formation strategies that drone use
within swarm robotics is the second issue to
address. It defines the position of each drone
within swarm. Depending on the requirements

Shared decision making
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. Testing complexity

. Requires more
sophisticated communication
infrastructure
More
resources  for
communication

. computational

continuous

of the mission, it is important to define which
strategy the drones in swarm should follow.
The first and simplest approach is the
leader-follower approach. There are dedicated
leaders beforehand and other drones act as
followers. Followers are required to keep their
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position with respect to their immediate
leaders. Since the drones are just supposed to
keep their relative position with respect to their
leaders, the computational load on them is low.
Leader-follower strategy lacks the capability to
scale up effectively. As the number of
followers increase, the mutual relay with
followers and their drone may face delays. The
overall system is very sensitive to failure with
leader drones as they are main guidance for the
followers (Table 3).

Table 3 — Drone Formation Strategies

Virtual structure strategy lets the drones
within the group as a single geometric shape. In
this strategy each drone tries to keep its position
within the geometric structure and the overall
behavior of the structure is predictable due to
unified movement. Compared to leader-
follower this approach is not highly dependent
on a single drone making the structure less
affected by the loss of single drone. Virtual
structure strategy requires the drones within the
formation to communicate continuously during
their movement.

Formation Advantages Disadvantages
* Scalability - as size grows,
communication delay may
cause problems.
Leader Follower (Military =+  Simple to implement. * Single point of Failure - if

reconnaissance) .

* Stable — less affected by single

Virtual Structure (Large drone failures
scale grid like .

surveillance)

Computationally efficient

Predictable behavior — formation
moves as a whole
*  Strict geometric formations.

anything happens to leader,
system fails.

*  Adaptivity issues — difficult to
adapt to dynamic environments

* Rigid formations less
adaptable

* Computational complexity —
for maintaining structure

* Complex as the number of
nodes increase

*  Scalable — works well with large

swarms »  Unpredictable

Behavior Based (SAR * Adaptive — easy to adapt ‘Fo * Immediate decisions may
. obstacles and dynamic cause non-stable state.

dynamically explore) . . L

environment * Higher communication

* No central controller needed. overhead.
Resilient to central node failure.
* Computational overhead -

Artificial Potential Fields Adaptive o
. environment.
(Obstacle rich .
. * Decentralized approach.
environments)

e Better collision avoidance .
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calculation of forces
*  May stuck — when forces zero
out each other
Difficult to maintain structure
— Individual Based

dynamic
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They need to have much complex
processing power to handle the continuous
communication requirement. As the number of
nodes within the group increase, the number of
mutual relays between the drones increases
making the structure more complex.

Both of leader-follower and virtual
structure techniques lack the ability to adapt
dynamic environments and scale up effectively

In behavior-based approach drones are
given independence to act based on their
decision in dynamic environments. Having
predefined rules and acting based on their local
information, this approach enables addition of
extra nodes to the group to scale up effectively.
Since there is no central node in control of
overall grid, the system is resilient to drone
failures as well. The drones act based on the
requirements of dynamic environment and their
behavior may be unpredictable. Since they act
based on the current information, their
immediate decisions may cause the system to
be in non-stable state. Lastly, the requirement
of steady communication in this formation will
cause communication overhead among the
nodes.

Drones in this structure acts based on the
forces that act on them individually, and it
makes the maintenance of the whole group
difficult. When the forces on the drone zeros
out, it may get stuck. It is important to address
these problems for successful utilization of this
strategy.

Artificial potential field approach
strategy is highly adaptable to environments
with many obstacles. The drones within this
structure need to compute the forces that act
upon them seamlessly, thus they need to have
better computation power.

27

Network in swarm

Network  architecture is  another
important topic in swarm drones. It is important
to address network related requirements to
provide seamless operational capability.
Infrastructure based network architecture is the
mostly used approaches for swarm drones. The
drones connect to the fixed network and
communicate through a central ground control
station node or cloud. The approach is highly
reliable due to well established infrastructure
and protocols. Since the main computation
occurs in the central note, the approach is
efficient for the drones from the point of
processing requirement. Well established
infrastructure-based  network  architecture
enables high bandwidth communication
offering video streaming and real time decision
making. However, in this approach the
connection may get lost in low coverage areas
like remote operation zones.

Having a central node as main processing
power comes with the problem of single point
of failure. Infrastructure based network
architecture requires either ground control
station, satellite or cloud connection which is
expensive to maintain.

To overcome the issue of single point of
failure and offer operational capability in low
coverage areas, Flying Ad-hoc Network
approach has been offered. The removal of
central node as main processing power helps to
overcome the bottleneck for scaling up and
decreases high dependence from single node.
However, it is complex to maintain this type of
network since the nodes may join and leave the
and the network topology changes
dynamically. The effective bandwidth of the
network is decreased since all nodes share the
same channel. Delay is inevitable since
communication is multi-hop (Table 4).



Azarbaycan Miihandislik Akademiyasinin Xoboarlori

2025, cild 17 (4), s. 18-29
LM. Ismayilov, LR. Mirzayev

Herald of the Azerbaijan Engineering Academy

2025, vol. 17 (4), pp. 18-29
.M. Ismayilov, I.R. Mirzayev

Table 4 — Network for Swarm Drones

Network

Advantages

Disadvantages

Infrastructure Based (Military)

. Reliable — well
established communication
protocols

. Computationally
efficient — processing on GCS
or cloud

. High bandwidth -
video streaming, real-time
decision making available.

. Coverage - May be in
remote areas where coverage
is lost

. Single point of Failure
- if base fails, the whole
system fails.

. Costly — relies on
expensive GCS or satellite

Flying Ad Hoc Network . Scalable — nodes can | ° Latency — packet

join and leave. No central routing between UAV's may

node bottleneck cause delays

. Fault tolerant — . Dynamic topology —

problem with a single drone | Dynamic node join and break

does not cause system failure. | cause link breaks.

. Works in remote areas | ¢ Power consumption —
Communication should
always be kept while
performing other tasks

Conclusion distributed or decentralized control scheme.

Using bibliometric analysis, this paper
summarizes different types of UAVs along
with their advantages and disadvantages.
Furthermore, the paper highlights the main
concepts in swarm drone approaches and the
application areas of them.

While quadcopters may offer fast and
easy setup for swarming, for missions that is
realized in higher altitudes and lasts longer
fixed wing drones may be useful.

Depending on the requirements of the
mission, and characteristics of environment a
correct way of control should be chosen. For
missions that require strict consideration like
reconnaissance, centralized control method
may be utilized. If the environment is
dynamically changing, and there is little
information about it beforehand, it is
desirable to give the drones ability to decide
based on their local information using

28

This type of control scheme can bring
advantage in search and rescue operations and
intelligence collection.

Choosing the correct strategy for swarm
is another crucial decision to make. For
military ~ reconnaissance  and  fixed
surveillance, it is important to have fixed
structure and predictable behavior s
expected. Leader-follower or virtual structure
approaches may be useful here. When it is
required to scale up and operate in dynamic
environments, it would be useful to choose
behavior-based or artificial potential field
approaches. They can operate in search and
rescue operations and in the environments
that are rich with obstacles much better.

The network to be used within swarm is
highly dependent on the requirements of the
mission. Infrastructure based networks is
mainly used in military operations due to their



Azarbaycan Miihandislik Akademiyasinin Xabarlori Herald of the Azerbaijan Engineering Academy

2025, cild 17 (4), s. 18-29 2025, vol. 17 (4), pp. 18-29

LM. Ismayilov, LR. Mirzayev .M. Ismayilov, I.R. Mirzayev
reliability and high bandwidth. For missions Conflict of Interests
that is not required to be highly reliable, The authors declare there is no conflict
FANET approach may yield cheaper and of interests related to the publication of
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