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Energy efficiency cooperative balancing-based dynamic trajectory
optimization for a single UAV

Zhang Jing Xie Yagin

(School of Electronics and Information Engineering, Nanjing University of Information Science and Technology , Nanjing 210044, China)

Abstract: In emergency communication scenarios, unmanned aerial vehicles (UAVs) serve as aerial data collection
platforms that can be rapidly deployed to disaster-stricken areas such as those affected by earthquakes, floods,
wildfires, mining accidents and battlefield environments. UAVs are capable of collecting data from wireless IoT devices
and transmitting it to the command center., thereby improving the efficiency of rescue decision-making. In post-disaster
scenarios, data transmission tasks impose higher requirements on both communication efficiency and data
completeness. Meanwhile, the limited energy supply of UAVs makes it challenging to collect large volumes of data
efficiently while ensuring the complete transmission of vital information. To address these issues, this paper
investigates a wireless communication system assisted by a single UAV, which adopts a multi-user uplink
communication mode and a fly-hover-communicate data collection pattern. A joint optimization problem is formulated
for device association, UAV hovering location and bandwidth allocation, aiming to maximize the UAV's coverage
utility while minimizing its total energy consumption. First, to enhance the UAV's coverage utility, a particle swarm
optimization ( PSO) algorithm initialized with K-means clustering is employed. Then. to minimize energy
consumption, we propose a PSO-based two-stage optimization framework that alternately optimizes hovering positions
and bandwidth allocation. In particular, a PSO variant incorporating Gaussian perturbation and differential mechanisms
is designed for hovering position refinement. Simulation results demonstrate that the proposed method effectively
improves both coverage utility and energy efficiency. The coverage utility increased by 13.15% compared to the K-
means algorithm, while energy consumption was reduced by 18.24% compared to the approach that only optimizes
hovering locations and lower than the scheme where hovering energy and flight energy are optimized separately.
Keywords: UAV-BSs;bandwidth allocation;energy-efficient deployment;emergency communication;data collection
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fbpy S BN 1 iR .

*x1 FESH
Table 1 Simulation parameters
S8 e HAH
A 5 By 1 MHz
AT H P tor 240 W
BAFY) % Db 200 W
2 I 9T g 45°
RET R E H 100 m
SEWE N1 m B BREHRE A 1.42X10"
AT \% 15 m/s
WD & 7% P 0.1 W
Mg s ) 2 4 2 B o, 5X10 " W/Hz

B 4 45 TARALRT S UAV (035 8 45 Bt e, Hdh 4
/N AR R WD, 260 B R 38 R T A% i 0 500l K
G KB s R R UAV BRI B4 &, i PSO-KM 15
B, 406 KR S 225 TOA-PSO bG8 3], &6 k4 2
WA B AT, 21 €0 S 28 02 0 k45 A5 R 1 K AT B .
Zest AL 5 B 35 Rk F) 95.61% ., UAV B BEFE M 400. 38 kJ

Ffk 3 283. 41 kJ,
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Fig.4 Hover locations and flight path of UAV when M = 8§
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FTUIE, 974 H 5 K-means, PSO I3 F % g M 9 5t
5 ¥ (greedy algorithm based on smart mesh, GA-SM) i#f
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Table 2 The impact of different M on coverage utility

when N =50 %
%f,{%‘ﬁ FXEEN K-means PSO  GA-SM
Kt PSO-KM
M =2 15. 58 32.65 42.98  44.90
M =1 77.97 65.17 74.67  77.01
M =6 90. 16 74. 96 88.08  88.62
M =38 96. 53 83. 38 94.54  93.96

£33 N=1008 ,FEBMMEBEZH AN

Table 3 The impact of different M on coverage utility

when N=100 %
=N S
i;%u ﬁ;’;&fﬁ K-means PSO  GA-SM
M =2 26. 51 22. 50 26. 04 26. 34
M =14 49. 60 41.56 48.54  48.07
M =6 70. 12 60. 48 67. 90 68. 82
M =3 88. 69 75. 59 85.51 85. 54

24T Y WD RN 50, 258 8=k 2.4,
6.8 I SRR Jr ik % i (B 240 . 3 1 hm] DL
S B R A A R B SR AR R AR B L H R R
SRR TLIR B B W/ . X2 N, YR R R
B, g 18— > B Ass A5, RE A 1S 0 R B8 35 1 WD, TR B
AR TR T B SR S, T WD A
DX Sl R R0t 2 [ 2 1, T DA SR B S I SR TR IR B /. EOR
A5 R B A A8 4k, PSO-KM 19 2 35 20 #1652 i i
B, LM = 8 A, PSO-KM M % F K-means, PSO
GA-SM. 7 s A4 AT+ T 13.15%.1. 99 % f1 2. 57 % .

FHN 3 T WD By 100 B SR FAS [ J7 ¥ 60
MBSO, KR 3 5R 2T T UE R, Y RE
SECRARFE RS, BEE WD B s 2, 548k 0 15 5%
FHAR B 22 FRAIG o 32 PR A 4 A DX 35 61 8 - WD 1) 43 A 285 ) A8
K, EBRTE UAV |\ REHZEH NG WD B 2 B2 m
F UAV IRERE ST 5, UAV FrAEMR 455 i WD Bt A&
T2 T RECE SRR T . YEE SN ER
DB, GA-SM IS5 RAR 2 38 PSO-KM, B i1 F GA-SM J&
F T BT AR R 43 s BB AL B L PSO-KM 2 76 7%
gr7s A R AR B ALE L T LSS R T GA-SM., Tfii ffi %
B s B N L PR 22 BE AR KL ORI R LD B A
& B2 R R e A T PSO-KM 25 JE (2 4 Jmy e
3.2 UAV I8

SR B UE AR SCHR M A B A5 L B A T XUAE KA
PEACHL AT RERCR 00 250 PE , 10 3 T 500 P 1k 5K w1

JoxF . BARELES PR AE R B L R AU AR T
G BC s PR REAT 90 2 43 B A Ak B L B 5 A0 A A B
A 984T ANBEA AL IPPAG B2AE A TT RE M e LY
TIER, I T B AT REAE A AT REAE S LA T R,
RN H 4 4 5 OB (only bandwidth optimization) . OL
(only location optimization), NBL (no optimization of
bandwidth or location) \DO(distributed optimization) &7~ ,
AR SCHE I A A6 9E 43 TS AN B E 6 B TBL Goint
optimization of bandwidth and location) 7K ,

4 WR TR EBAFECGRET R A TR 19 486 56 s i
UAV WREFE . TLIREAF s W 224k, JBL 3 0g T UAV 1)
REFEARZ AN, X2 PR O B 0 8 8 0 A Ak 7T LA /b B
B T T L 1V RE FE L BEUR 43 C R Ak T DU BHE R SR
WD A5 50 L2 W8 k> B A5 Af E) . 53 41, OL 5 W [ A% 14
REREIF AW, X 2 By, 7E 8 8 I & X BR)E , th T UAV
R EN 2, UAV B4 & R A B, it U6 UAV
F A AT B P IR B Y W RERCR I A B, BfE B R
MBI, UAV MREFERL b T 3, X0 By T 3 2 10 B 1
Wk THEZM ATIE & DL B E 8. UM =38
L IBL A8 F NBL. OB Al OL 48 313/ T 29.21% .
7.4%0.18. 580 Al 2. 506 M RERE » MR B 1Rk 45 L B 5
T B A RALTE RS BE P A ALk .
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Table 4 The energy consumption corresponding to

different M when N =50 k]

fitedkme M=2 M=4 M=6 M=3
JBL 107. 34 185. 44 233.18 283. 41
NBL 149. 08 262.79 324. 30 400. 38
OB 113.17 195. 35 243. 40 306. 06
OL 139. 69 244.78 315.08 348. 11
DO 109. 43 190. 17 239. 96 290. 67

K5 i T AR SCRT A TOA-PSO B 3 iy Wi 84
e T ARBEEL UAV MEEFER AR M. 8 T HE L
A BREREM T IR —fbAb B, M AR DUE L Y R R
BTN B K ATE 26 UGB TSI, Y B 5 A Bt
4 A BRE R AR 51 A B T WS, T Y 8 S B
1E 6 AN B R Y 66 WAk Q)R A3 T 08, iT LA
BAESE N, BRSO, X R R 4 S
5,

Kl 6 o T IENAL UAV B0 8 Fr B i ) PSO-GD
BIERRSTE , IE K S DE.PSO. H B A (v " FILA
T84 5,543 (artificial hummingbird algorithm, AHA)™7 # 17
LS B 6 HmT LU Y, AR SCHE A 3303 S5 M SR AL L, 7]
PIBRb IR FM S, T AHA WCSGH JE 5012, B PSO-GD 5.1k
BRI RN X G UAV I REFES ALY .
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