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TỐI ƯU QUỸ ĐẠO VÀ CÔNG SUẤT TRONG HỆ THỐNG THÔNG TIN CÓ UAV HỖ TRỢ BẰNG THUẬT TOÁN TÌM KIẾM NGẪU NHIÊN
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Abstract:

In this paper, we propose an optimization approach for the trajectory and transmission power allocation 
of a UAV-assisted communication system using the Random Search (RS) algorithm. The objective is to 
maximize the overall communication capacity while ensuring constraints on power consumption and 
movement feasibility. The UAV moves from a prede�ned starting location to a destination point while 
serving as a relay between a source and destination. The RS algorithm is employed to jointly optimize 
the UAV’s trajectory and power allocation over multiple discrete steps. We evaluate the performance of 
the proposed RS-based solution and compare it with a traditional method in which the UAV follows a 
�xed straight-line trajectory with uniform power allocation. Simulation results show that the RS method 
yields a signi�cantly higher cumulative capacity while o�ering ¤exibility in trajectory planning and power 
e�ciency. The convergence behavior, power pro�les, and UAV trajectories are also illustrated, highlighting 
the e�ectiveness of the RS approach for UAV-based wireless communications.

Keywords: UAV-assisted communication; Random Search algorithm; Trajectory optimization; Power 
allocation; Wireless communication. 

Tóm tắt:

Trong bài viết này, chúng tôi đề xuất một phương pháp tối ưu hóa quỹ đạo và phân bổ công suất truyền 
của hệ thống thông tin sử dụng UAV hỗ trợ, dựa trên thuật toán Tìm kiếm Ngẫu nhiên (Random Search - 
RS). Mục tiêu là tối đa hóa tổng dung lượng truyền thông trong khi vẫn đảm bảo các ràng buộc về tiêu thụ 
công suất và khả năng di chuyển. UAV di chuyển từ một vị trí xuất phát xác định đến điểm đích, đóng vai 
trò là một nút chuyển tiếp giữa nguồn và đích. Thuật toán RS được sử dụng để đồng thời tối ưu hóa quỹ 
đạo và phân bổ công suất UAV theo các bước rời rạc. Chúng tôi đánh giá hiệu suất của giải pháp sử dụng 
RS và so sánh với phương pháp truyền thống, trong đó UAV di chuyển theo đường thẳng cố định và phân 
bổ công suất đồng đều. Kết quả mô phỏng cho thấy phương pháp RS mang lại dung lượng truyền tích lũy 
cao hơn đáng kể, đồng thời cung cấp sự linh hoạt trong lập kế hoạch quỹ đạo và hiệu quả sử dụng công 
suất. Biểu đồ hội tụ, hồ sơ công suất và quỹ đạo UAV cũng được minh họa, cho thấy hiệu quả của phương 
pháp RS trong các hệ thống truyền thông không dây sử dụng UAV.

Từ khóa: Truyền thông UAV hỗ trợ; Thuật toán Tìm kiếm ngẫu nhiên; Tối ưu quỹ đạo; Phân bổ công suất; 
Truyền thông không dây.

1. INTRODUCTION 

5HFHQW� DGYDQFHV� LQ� 8QPDQQHG� $HULDO�
9HKLFOHV� �8$9V�� KDYH� RSHQHG� QHZ� IURQWLHUV�

LQ�ZLUHOHVV�FRPPXQLFDWLRQ��OHYHUDJLQJ�8$9V�
DV� DHULDO� EDVH� VWDWLRQV� RU� PRELOH� UHOD\V� WR�
enhance�coverage,�Àexibility,�and�throughput.�
However,� maximizing� communication�
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capacity�while�ensuring�power�e൶ciency�and�
WUDMHFWRU\� IHDVLELOLW\� UHPDLQV� FKDOOHQJLQJ� LQ�
dynamic�environments.

Zeng� and�Zhang� [1]�were� among� the�¿rst� to�
jointly�optimize�UAV�trajectory�and� transmit�
SRZHU�� GHPRQVWUDWLQJ� VXEVWDQWLDO� HQHUJ\�
e൶ciency�gains�over�heuristic�paths.�Prior� to�
this,�Zheng�et�al.�[2]�addressed�UAV�trajectory�
DQG� VSHHG� SODQQLQJ� IRU� ,R7� GDWD� FROOHFWLRQ�
using� projection-based� discretization,�
achieving�signi¿cant�reductions�in�power�and�
Àight� time.� More� recently,� Huang� et�al.� [3]�
extended� trajectory� and� resource� allocation�
GHVLJQV� WR� 8$9� EDVH� VWDWLRQV� ZLWK� LQ�EDQG�
EDFNKDXO�FRQVWUDLQWV�� LPSURYLQJ�XVHU�IDLUQHVV�
and�throughput.

Lu� et�al.� [4]� examined� UAV-powered�
communication� systems,� jointly� optimizing�
HQHUJ\� UHSOHQLVKPHQW�� WUDMHFWRU\�� DQG� SRZHU�
allocation� in� IoT� scenarios.� A� comprehensive�
survey� by�Mazaherifar� and� Mostafavi� [5]� has�
FDWDORJHG�WKHVH�WUDMHFWRU\�GHVLJQV�DQG�KLJKOLJKWHG�
WKH�FULWLFDO�LQWHUSOD\�EHWZHHQ�8$9�PRELOLW\�DQG�
communication�resource�management.

In� specialized�maritime� environments,� Deng�
et�al.�[6]�proposed�a�dual-UAV�relay�framework�
optimized� for� minimal� energy� consumption�
during� data� collection,� while� Wang� et�al.�
[7]� and� Jia� et�al.� [8]� focused� on� secure� and�
energy-e൶cient� UAV-aided� communication�
LQ� DGYHUVDULDO� RU� HDYHVGURSSHU�ULFK� PDULWLPH�
FKDQQHOV�� LQYROYLQJ� VHFUHF\� UDWH� DQG� 6,15�
optimizations�under�complex�constraints.

$OWKRXJK� WKHVH� PHWKRGV� GHOLYHU� UREXVW�
SHUIRUPDQFH�� WKH\� SUHGRPLQDQWO\� UHO\� RQ�
FRPSXWDWLRQDOO\� KHDY\� WHFKQLTXHV�� VXFK� DV�

successive�convex�approximation�or� iterative�
VHDUFK��ZKLFK�FDQ�EH�VXERSWLPDO�IRU�UHDO�WLPH�
deployment.

,Q�OLJKW�RI�WKLV��ZH�SURSRVH�D�5DQGRP�6HDUFK�
(RS)-based�optimization�for�joint�trajectory�and�
power�allocation�in�¿nite-step�UAV�networks.�
This� method� o򯿿ers� simplicity,� adaptability,�
and�low�computational�load.�We�evaluate�RS�
against� a� conventional� straight-line,� ¿xed-
power�baseline.�Simulation� results�reveal�RS�
DFKLHYHV� VXSHULRU� FXPXODWLYH� FDSDFLW\� XQGHU�
VWULQJHQW� SRZHU� DQG� PRELOLW\� FRQVWUDLQWV��
VXJJHVWLQJ� D� SUDFWLFDO� DOWHUQDWLYH� IRU� ORZ�
complexity�UAV-enabled�communications.

The�paper� is�organized�as� follows:�Section�2�
reviews� related�work;� Section� 3� outlines� the�
methodology;� Section� 4� presents� results� and�
discussion;�Section�5�concludes�the�study�and�
suggests�future�work.

2. RELATED WORKS 

5HFHQW� DGYDQFHV� LQ� 8$9�DVVLVWHG�
FRPPXQLFDWLRQ� KDYH� OHG� WR� D� YDULHW\� RI�
optimization� frameworks� targeting� energy�
e൶ciency,�capacity�maximization,�and�secure�
transmission.� To� contextualize� our� proposed�
DSSURDFK�� ZH� UHYLHZ� UHOHYDQW� OLWHUDWXUH� RQ�
trajectory� and� resource� optimization� in�UAV�
communication� systems.� Zeng� and� Zhang�
[1]� were� among� the� ¿rst� to� explore� joint�
trajectory� and� power� optimization� for� UAV-
HQDEOHG�ZLUHOHVV�OLQNV��OD\LQJ�D�IRXQGDWLRQ�IRU�
energy-e൶cient� designs.� Expanding� on� this�
direction,�Zheng�et�al.� [2]� formulated�a� joint�
trajectory� and� speed� optimization� problem�
IRU� ,R7� GDWD�FROOHFWLRQ� DQG� VROYHG� LW�XVLQJ� D�
SURMHFWLRQ�EDVHG�DOJRULWKP�WR�UHGXFH�PLVVLRQ�
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time� and� energy� consumption.� Trajectory�
optimization� in� the� presence� of� backhaul�
constraints�was�addressed�by�Huang�et�al.�[3],�
ZKR�GHYHORSHG�D�MRLQW�WUDMHFWRU\�DQG�UHVRXUFH�
DOORFDWLRQ� IUDPHZRUN� IRU� 8$9� EDVH� VWDWLRQV�
under� in-band� communication� limitations.�
Their� work� emphasized� balancing� user�
fairness� and� throughput.� Further� expanding�
UAV� roles,� Lu� et� al.� [4]� considered� UAV-
SRZHUHG� FRPPXQLFDWLRQ� QHWZRUNV�� ZKHUH�
ERWK� WUDMHFWRU\� DQG� UHVRXUFH� DOORFDWLRQ� ZHUH�
optimized� alongside� energy� replenishment�
strategies.�This�integrated�view�is�essential�in�
IoT-centric�deployments.

Mazaherifar� and� Mostafavi� [5]� o򯿿ered�
a� comprehensive� survey� summarizing�
YDULRXV� 8$9� SODFHPHQW� DQG� WUDMHFWRU\�
optimization� strategies,� classifying� them�
EDVHG� RQ� SUREOHP� VWUXFWXUH� DQG� VROXWLRQV�
techniques.� Their� ¿ndings� highlight� how�
PRELOLW\� DQG� FRPPXQLFDWLRQ� GHVLJQ� PXVW�
be� co-optimized� to� achieve� system-wide�
e൶ciency.� In� maritime� contexts,�Deng� et� al.�
[6]� proposed� a� dual-UAV� relay� system� for�
energy-e൶cient� data� collection,� tackling� the�
FKDOOHQJH� RI� OLQN� UHOLDELOLW\� RYHU� G\QDPLF�
marine�channels.�Meanwhile,�Wang�et�al.�[7]�
and�Jia�et�al.�[8]�examined�secure�UAV-aided�
FRPPXQLFDWLRQV�� SURSRVLQJ� VHFUHF\� HQHUJ\�
e൶cient� designs� to� counter� eavesdropping�
WKUHDWV� ZKLOH� PDQDJLQJ� WUDQVPLW� SRZHU� DQG�
8$9� WUDMHFWRULHV� XQGHU� XQFHUWDLQ� FKDQQHO�
conditions.�While�the�aforementioned�studies�
GHOLYHU� VWURQJ� SHUIRUPDQFH� XVLQJ� DGYDQFHG�
optimization� techniques� (e.g.,� successive�
convex� approximation,� iterative� search,� or�
OHDUQLQJ�EDVHG� PRGHOV��� WKH\� RIWHQ� LQFXU�

signi¿cant�computational�costs,�making� real-
time� adaptation� challenging.� By� contrast,�
RXU� VWXG\� SURSRVHV� D� 5DQGRP� 6HDUFK� �56��
EDVHG� VWUDWHJ\� IRU� MRLQW� WUDMHFWRU\� DQG�SRZHU�
optimization� in� UAV� networks.� The� RS�
PHWKRG�GRHV�QRW�UHO\�RQ�JUDGLHQW�LQIRUPDWLRQ�
or�complex�transformations,�making�it�suitable�
IRU� SUDFWLFDO�GHSOR\PHQW� LQ� WLPH�VHQVLWLYH� RU�
resource-constrained�scenarios.�Moreover,�we�
establish�a�baseline�using�a� traditional�¿xed-
SRZHU�� VWUDLJKW�SDWK�PHWKRG� WR� KLJKOLJKW� WKH�
performance� gains�of�our�RS�approach.�This�
FRPSDUDWLYH�DQDO\VLV��VXSSRUWHG�E\�HPSLULFDO�
VLPXODWLRQV�� GHPRQVWUDWHV� WKDW� 56� FDQ�
DFKLHYH�FRPSHWLWLYH�FXPXODWLYH�FDSDFLW\�ZLWK�
signi¿cantly�reduced�computational�burden.

3. METHODOLOGY 

7KLV� VHFWLRQ� SUHVHQWV� WKH� V\VWHP�PRGHO�� WKH�
SUREOHP�IRUPXODWLRQ�IRU�MRLQW�8$9�WUDMHFWRU\�
and� power� optimization,� and� the� proposed�
Random� Search� (RS)-based� optimization�
framework.�The�baseline�traditional�method�is�
also�described�for�comparative�analysis.

3.1. System model

:H�FRQVLGHU� D�SRLQW�WR�SRLQW� FRPPXQLFDWLRQ�
V\VWHP� DVVLVWHG� E\� DQ� 8QPDQQHG� $HULDO�
9HKLFOH� �8$9��� ZKHUH� WKH� 8$9� VHUYHV� DV� D�
relay�between�a�static�source�and�destination.�
7KH� VRXUFH�DQG�GHVWLQDWLRQ�DUH�SODFHG�RQ�WKH�
ground� at� a� distance� D=2000� meters� apart,�
while�the�UAV�Àies�at�a�¿xed�altitude�H=100�
meters.�The�UAV�trajectory�is�discretized�into�
N=20�steps,�and�at�each�step,�it�can�adjust�its�
horizontal�velocity�and�transmission�power.

/HW� ݔ ൌ ሾݔͳǡ ǡʹݔ ǥ ǡ �ሿܰݔ DQG� Ǉൌ ሾݕͳǡݕʹǡ ǥ ǡܰݕሿ� �
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denote� the� horizontal� position� of� the� UAV� at�
each�time�step.�Let�3D�DQG�3X�GHQRWH�WKH�SRZHU�
YDOXHV� IURP� WKH� VRXUFH� WR� WKH� 8$9� DQG� IURP�
the� UAV� to� the� destination,� respectively.� The�
UHFHLYHG�VLJQDO�VWUHQJWK�LV�PRGHOHG�XVLQJ�D�SDWK�
ORVV� PRGHO� ZLWK� JHRPHWULF� SDUDPHWHUV� DQG� D�
constant�γR.�The�signal-to-noise�ratio� (SNR)�at�
each�step�is�computed�according�to�Equation�(1)�

ߛ ൌ
ܲܽ ݑܲ ߛܽ� ݑߛ

ܲܽ ߛܽ ʹߪ ൅ ݑܲ ʹߪݑߛ� ൅ �Ͷߪ (1)

Where�γD�and�γX�DUH�SDWK�ORVV�FRPSRQHQWV�IURP�
source�to�UAV�and�UAV�to�destination,�and�σ2�
is�the�noise�power.

The�achievable�rate�(in�bps/Hz)�at�each�step�is�
calculated�as�shown�in�(2).

ܴ ൌ
ͳ
ʹ ���ʹሺͳ ൅ �ሻߛ (2)

3.2. Problem formulation

Let� the�UAV�trajectory�be�discretized� into�N�
time�steps.�At�each�time�step� ݅߳ሼͳǡʹǡ ǥ ǡܰሽ���ZH�
optimize�the�following�decision�variables:

[
L
�\

L
�are�horizontal�coordinates�of�the�UAV.

3
D�L
�DQG�3

X�L
�DUH�WUDQVPLW�SRZHU�IURP�VRXUFH�WR�

8$9�DW�VWHS�L�DQG�WUDQVPLW�SRZHU�IURP�8$9�WR�
GHVWLQDWLRQ�DW�VWHS�L.

Y
L
�is�UAV�velocity�at�step�i.

7KH�SDWK�ORVV�EHWZHHQ�VRXUFH±8$9�DQG�8$9±
GHVWLQDWLRQ� LV� PRGHOHG� UHVSHFWLYHO\� DW� HDFK�
step�i�as�shown�in�(3)�and�(4).�

ܽߛ ǡ݅ ൌ
Ͳߛ

ʹܪ ൅ ʹ݅ݔ ൅ ʹ݅ݕ
� (3)

ݑߛ ǡ݅ ൌ
Ͳߛ

ʹܪ ൅ ሺܦ − ʹሻ݅ݔ ൅ ʹ݅ݕ
� (4)

7KH�LQVWDQWDQHRXV�VLJQDO�WR�QRLVH�UDWLR��615��
at�step�i�is�calculated�as�shown�in�(5).

݅ߛ ൌ
ܲܽ ǡ݅ ݑܲ ǡ݅ܽߛ� ǡ݅ݑߛ ǡ݅

ܲܽ ǡ݅ܽߛ ǡ݅ߪʹ ൅ ݑܲ ǡ݅ ݑߛ� ǡ݅ߪʹ ൅ �Ͷߪ (5)

The�achievable�rate�is�calculated�as�shown�in�(6).

ܴ݅ ൌ
ͳ
ʹ
���ʹሺͳ ൅ ���������������ሻ݅ߛ (6)

We� aim� to� maximize� the� sum-rate� over� the�
HQWLUH�WUDMHFWRU\��ZKLFK�LV�FRPSXWHG�DFFRUGLQJ�
to�Equation�(7).�

����� ǡ�� ǡ� ǡ� ǡ� ෍ܴ݅
ܰ

݅ൌͳ
� (7)

Subject�to:

•�Transmit�power�limits:
Ͳ ≤ ܲܽ ǡ݅ ≤ ݔܽ݉ܽܲ � �� Ͳ ≤ ݑܲ ǡ݅ ≤ ݑܲ

ݔܽ݉ ǡ∀݅�

•�Mobility�constraints:
ඥሺ݅ݔ − ʹͳሻ−݅ݔ ൅ ሺ݅ݕ − ʹͳሻ−݅ݕ �≤

ܶ݅ݒ
ܰ � ǡ∀݅ ൌ ʹǡǥ ǡܰ�

Initial�and�¿nal�position�constraints:

ሺݔͳǡ ͳሻݕ ൌ � ሺݔͲǡ Ͳሻǡݕ ሺܰݔ ǡ ሻܰݕ ൌ ሺݐݏ݁݀ݔ ǡݐݏ݁݀ݕ ሻ�

�[
��
�\

�
��LV�LQLWLDO�SRVLWLRQ�RI�WKH�8$9

�[
GHVW�

��\
GHVW
)�is�¿nal�position�(destination)�of�the�

UAV.

7R� LQFRUSRUDWH� WKHVH� FRQVWUDLQWV� LQWR� D� VRIW�
constrained� optimization� framework,� we�
de¿ne� the� penalized� objective� function� as�
shown�in�Equation�(8).



��

TẠP CHÍ KHOA HỌC VÀ CÔNG NGHỆ NĂNG LƯỢNG - TRƯỜNG ĐẠI HỌC ĐIỆN LỰC
�,661��������������

Số�39

ܮ ൌ −∑ ܴ݅ ൅ߣ�ͳǤ݉ܽݔ൫∑ ܲܽ ǡ݅ − ܰǤ ݔܽ݉ܽܲ ǡ Ͳܰ
݅ൌͳ ൯ܰ

݅ൌͳ ൅
∑൫ݔǤ݉ܽʹߣ ݑܲ ǡ݅ − ܰǤ ݑܲ

ݔܽ݉ ǡ Ͳܰ
݅ൌͳ ൯ ൅ ∑Ǥ͵ߣ ܰ݅ߜ

݅ൌʹ �������� (8)

where:

݅ߜ ൌ ݔܽ݉ ൬ඥሺ݅ݔ − ʹͳሻ−݅ݔ ൅ ሺ݅ݕ − ʹͳሻ−݅ݕ −
ܶ݅ݒ
ܰ ǡ Ͳ൰�

DQG�λ
�
,�λ

�
��λ

��are�penalty�coe൶cients�for�power�
and�trajectory�violations,�T�is�total�Àight�time,�
1�LV�WKH�QXPEHU�RI�WLPH�VWHSV��γ0��σ2��+��DQG�'�
are�system�constants.�+�is�¿xed�altitude�of�the�
8$9��LQ�PHWHUV��'�LV�LVWDQFH�EHWZHHQ�VRXUFH�
and� destination� (in� meters).� � is� noise� power�
at� the�receiver.�Thus,� the�problem�becomes�a�
minimization�of�/,�which�balances�maximizing�
capacity�while�penalizing�constraint�violations�
in�power�and�movement.�Y

L
�is�UAV�horizontal�

speed�at�time�step�i�(in�m/s).�

3.3. Random search-based optimization

Due� to� the� non-convexity� and� high�
GLPHQVLRQDOLW\� RI� WKH� SUREOHP�� ZH� DGRSW�
5DQGRP� 6HDUFK� �56�� DV� D� OLJKWZHLJKW�
metaheuristic�approach.�RS�iteratively�samples�
UDQGRP� FDQGLGDWH� VROXWLRQV� IURP� D� XQLIRUP�
GLVWULEXWLRQ�ZLWKLQ�WKH�IHDVLEOH�ERXQGV�RI�WKH�
decision�variables.�The�best�candidate�in�terms�
of� ¿tness� (i.e.,� minimized� cost� function)� is�
retained�at�each�iteration.

The�key�steps�in�RS�include:

•� 5DQGRPO\� JHQHUDWLQJ� SRVLWLRQ�� YHORFLW\��
and�power�variables.

•� Evaluating� the� objective� function� using�
the�system�model.

•� 8SGDWLQJ� WKH� EHVW� VROXWLRQ� LI� WKH� FXUUHQW�
candidate�outperforms�the�previous.

•� Repeating�for�a�¿xed�number�of�iterations�
and�population�size.

This�simple�framework�avoids�the�complexity�
RI�JUDGLHQW�FRPSXWDWLRQ�RU�KHXULVWLF�FURVVRYHU�
RSHUDWLRQV�� PDNLQJ� LW� VXLWDEOH� IRU� ORZ�
complexity�deployments�or�edge�devices.

3.4. Traditional baseline approach

For�comparison,�we�implement�a�conventional�
VWUDLJKW�OLQH� WUDMHFWRU\�ZKHUH� WKH�8$9�PRYHV�
uniformly� from� the� source� to� the� destination.�
Both�transmission�powers�3D�DQG�3X�are�¿xed�at�
their�average�allowable�values�across�all�steps.

7KLV�PHWKRG�VHUYHV�DV�D�EHQFKPDUN�WR�HYDOXDWH�
WKH� SHUIRUPDQFH� JDLQ� RI�56�EDVHG� WUDMHFWRU\�
and� power� optimization.� While� simple� and�
GHWHUPLQLVWLF�� WKH� WUDGLWLRQDO� DSSURDFK� GRHV�
QRW�DFFRXQW� IRU� FKDQQHO�YDULDWLRQV� RU� HQHUJ\�
e൶ciency�in�movement.

4. RESULTS AND DISCUSSION

Figure 1. Convergence curve of the random 
search algorithm

,Q� WKLV� VHFWLRQ�� ZH� HYDOXDWH� WKH� SHUIRUPDQFH�
RI� WKH� SURSRVHG� MRLQW� WUDMHFWRU\� DQG� SRZHU�
optimization�scheme�using�the�Random�Search�
(RS)�algorithm.�Simulation�results�are�obtained�
LQ� D� WZR�GLPHQVLRQDO� HQYLURQPHQW� ZLWK� D�
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VRXUFH� ORFDWHG� DW� WKH� RULJLQ� DQG� D� GHVWLQDWLRQ�
located�2000�meters�away.�The�communication�
V\VWHP�LQFOXGHV�D�8$9�UHOD\�WKDW�G\QDPLFDOO\�
DGMXVWV�LWV�WUDMHFWRU\�DQG�WUDQVPLVVLRQ�SRZHU�WR�
maximize�the�overall�transmission�capacity.�We�
FRPSDUH�RXU�SURSRVHG�56�EDVHG�DSSURDFK�ZLWK�
a�traditional�¿xed-path,�¿xed-power�benchmark�
to�highlight�the�advantages�of�joint�optimization.

Figure� 1� shows� the� convergence� of� the� RS�
algorithm� over� 50� iterations.� The� ¿tness�
value� improves� rapidly� during� the� ¿rst� 10�
iterations� and� stabilizes� afterward� around�
–126,� indicating� that� RS� quickly� ¿nds� a�
near-optimal� solution� and� maintains� it.� This�
behavior�highlights�the�algorithm’s�e൶ciency�
in�low-complexity�optimization�settings.

Figure�2�illustrates�the�average�transmit�power�
of� the� source� (Pa)� and� UAV� (Pu)� over� the�
trajectory.� Initially,�Pu� is�higher�due� to� relay�
DGMXVWPHQWV� EXW� JUDGXDOO\� GHFUHDVHV� DQG�
aligns�with�Pa.

Figure 2. Average transmits power allocation 
per step

7KH�EDODQFHG�FRQYHUJHQFH�RI�ERWK�SRZHU�OHYHOV�
demonstrates� that� RS� e򯿿ectively� manages�
HQHUJ\� FRQVXPSWLRQ� ZKLOH� PDLQWDLQLQJ�
communication�quality.

)LJXUH����8$9�WUDMHFWRU\�FRPSDULVRQ�EHWZHHQ�
56�EDVHG�PHWKRG�DQG�WUDGLWLRQDO�OLQHDU�SDWK

Figure� 3� illustrates� the� Àight� trajectories� of�
the� UAV� under� two� schemes:� the� proposed�
56�EDVHG� PHWKRG� DQG� WKH� WUDGLWLRQDO� OLQHDU�
method.� The� RS-based� trajectory� shows� a�
more� adaptive� Àight� path,� where� the� UAV�
GHYLDWHV� IURP� D� VWUDLJKW� OLQH� WR� SRVLWLRQ�
LWVHOI� DGYDQWDJHRXVO\� ZLWK� UHVSHFW� WR� WKH�
communication� channel� conditions.� This�
Àexibility�helps�the�UAV�avoid�high�path-loss�
DUHDV� DQG� PDLQWDLQ� VWURQJHU� OLQNV� ZLWK� ERWK�
the� source� and� destination.� In� contrast,� the�
traditional� method� follows� a� ¿xed� straight-
OLQH� SDWK��ZKLFK� GRHV� QRW� FRQVLGHU� UHDO�WLPH�
communication� e൶ciency.� The� RS-based�
trajectory�demonstrates�the�bene¿t�of�mobility-
aware�optimization,�contributing�to�improved�
capacity�and�energy�e൶ciency.

Table� 1� summarizes� the� performance�
FRPSDULVRQ� EHWZHHQ� WKH� 56�EDVHG� PHWKRG�
and�the�traditional�approach.�
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7DEOH����3HUIRUPDQFH�FRPSDULVRQ�RI�UV�EDVHG�
DQG�WUDGLWLRQDO�PHWKRGV

0HWULF 7UDGLWLRQDO�
PHWKRG

56�
%DVHG�
PHWKRG

Total�capacity�(bps/Hz) 63.47 80.52�

Average�source�power�Pa�
�P:�

10.00 9.83

Average�UAV�power�Pu�
�P:�

10.00 9.74

The� RS� method� achieves� a� 27%� higher� total�
capacity� (80.52� and� 63.47� bps/Hz)� while�
FRQVXPLQJ�VOLJKWO\�OHVV�DYHUDJH�SRZHU�DW�ERWK�WKH�
source�(Pa:�9.83�mW)�and�UAV�(Pu:�9.74�mW).�
This�demonstrates�that�RS�o򯿿ers�better�spectral�
and�energy�e൶ciency�by�dynamically�adapting�
WKH� 8$9¶V� WUDMHFWRU\� DQG� SRZHU� DOORFDWLRQ��
unlike�the�¿xed�strategy�in�the�baseline.

5. CONCLUSION

7KLV�VWXG\�SURSRVHG�D�5DQGRP�6HDUFK��56��
EDVHG�PHWKRG� IRU� MRLQW� WUDMHFWRU\� DQG� SRZHU�

optimization� in� UAV-assisted� wireless�
communication� systems.� By� dynamically�
adjusting� the� UAV’s� Àight� path� and�
WUDQVPLVVLRQ� SRZHU�� WKH� 56�EDVHG� DSSURDFK�
achieved� signi¿cantly�higher� communication�
capacity� compared� to� the� traditional� ¿xed-
SDWK�VWUDWHJ\��ZKLOH�PDLQWDLQLQJ�ORZHU�DYHUDJH�
power� consumption.� Simulation� results�
GHPRQVWUDWHG� WKDW� 56� FDQ� LPSURYH� VSHFWUDO�
e൶ciency� by� approximately� 27%� without�
increasing�energy�usage.

2ZLQJ�WR�LWV�VLPSOLFLW\�DQG�ORZ�FRPSXWDWLRQDO�
cost,� the� RS� algorithm� o򯿿ers� a� promising�
OLJKWZHLJKW� DOWHUQDWLYH� IRU� UHDO�WLPH� RU�
UHVRXUFH�FRQVWUDLQHG� 8$9� GHSOR\PHQW�
scenarios.� Future� work� may� explore� hybrid�
metaheuristic�strategies�or�extend�the�model�to�
PXOWL�8$9�FRRSHUDWLYH�QHWZRUNV�DQG�G\QDPLF�
user�distributions.
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