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Abstract
Unmanned Aerial Vehicles (UAVs) are increasingly being used as mobile servers in mobile edge
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computing (MEC) due to their ability to provide low latency, high reliability, and robust computing
services to terminal users with limited computational capabilities. There has been extensive re-
search conducted on this technology in challenging environments, with various methods proposed
to enhance the adaptability of UAVs under such conditions and improve the Quality of Service
(QoS) provided to ground terminal users. This paper builds upon existing research by introducing
more complex environmental factors to ensure a closer approximation to the real-world complex-
ity and variability. Furthermore, this paper investigates the flight paths of unmanned aerial ve-
hicles (UAVs) in complex environments by considering the influence of risk factors caused by stat-
ic and moving obstacles, dynamic variations in end-user demands, and energy consumption fac-
tors associated with UAV flight. To achieve this objective, the impact of these factors is incorpo-
rated into the reward matrix to develop the proposed algorithm. The objective of this research is
to validate the effectiveness and reliability of the proposed algorithm in a more complex envi-
ronment, based on these conditions, and to demonstrate the necessity of introducing a truly rea-
listic environment. Experimental results indicate that the proposed algorithm exhibits robust-
ness and reliability in complex environments, outperforming other benchmark algorithms, and
highlighting the significance of simulating an environment that closely resembles the real-world.
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WAk, BT BEnEERARMPEL R, H 3% (User Equipment, UE) IR B35 b0, X — s
ST VFLH S S AL, B R RS fa BN AN S B Sk [1]. R RIS T —
SetRe, AR P 2 A BRA B RE AT B b 2 B ROV THE AR AN R B R A AL B[R] o 3K — PR
SHH BTN L T ERE IR [2], XX TR B S e SRR A T B Rk . UbAh, BEE
YIECM (Internet of Things, 10T) B IIAEFERI NN,  AERFE ) X265 F0 25 TH S At 152 it T 11 55 A 24 K P IR o o

T R B PR, B ahilZ it 5 (Mobile Edge Computing, MEC)Miz i A4, AR T AL RN
R Z 0 5E[3]. MEC TERE B W48 i 2350 8 I 55 2, SR fesh L, B sl F S At s 20 1T ik
FZINEA = TH R J1[4]. SR, LGSR S A I I e B PR T AL IR R 2SR T, RERIRAET
SIS X, Wik X . teAh, RSS2 I OA BELAS T 7 R K 2 R A R 1 PR B b gk
1T 52BRERE[5]. Kk, SINT —FF R %76 AFL(Unmanned Aerial Vehicles, UAVS) X £ (1) 5% 511 2
TH RS

SR, TEMATRN B, W T ANANIA G IR % 255 2 bR CAT IR 2 (M AE 228 . SEPRtB il T, B
NUEEM S R B R RE 2 . IUA BRI EA A A TGVE e 2 T B S AT &AM, S 8— R4,
UV RE TS HERA  BAE A FRE AR S SRR I A 2 . R, 3 — B SO RSO AT R BB, 5 A
TR TANANE AL GRS 3508, FHEH S B T R i B 0 H 2.
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LUK 23 P 8 SR B Bh 25224k
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AR HAE D ZH T o 5 2 TAA TR IR, 55 3 Wl JRAE 1T AR R A R
FE2 4 YREAT T R

2. RGHRE

ERRESY, HREELTEGNEN =TV, CLEFSHBIIRIRESEY), F %P
MM AT bR RFEAE . EXANg st BN ML 5 RS, MGG AU H bR sl fEikid
FEF, T AN AL R AEIRS,  FFb it G RS RS . FERR AR R TE AL AT I RE . i
WL H R T AN 7R 4R 358, AWifesh. R, Jo AN E & (E BAIESYIE B, KumH
1 78 SR AE T ANUE BN AT RS TEH 2w ah B £ A, fExXAN e, K P &SRB AT AL
PR R, MEESY . CATREREE N RA R &R .
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M G AWreE >, R BEMGEEIG S B B br SR, RN & P b g PRy, JESeils s
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2.1. PERR4OHERY

TEARE, BT A RIS ETT A A, AE BT R B B MR A AN R 7 22 o /AT, R4
WA (X, y) Fom it B BARRR, FRATEIS 5o N« N RS, AR SRR 2 R v 15— AN 32 SR
FOABHT . %6 T M e B ST TR0, 4 45 | MBSO B O, = (X,,Y, ), R 1 (x,y) [6]F&R1E £ O, kb
KB (xy) KR, IR BLE SN

d2

(% Y) =——e 2,d =(x=X,)’ +(y =Y, i {L 2,0}, O

2no
SR B £ A PR SRR R(x,y) EIR A2 VLGB |- AR R
I(x,y)es (l_H::l |:1_ f (X’ y)]) 2

XA i AN EIRRS Y, LA EAERENL T AR 7] TR S, AL E (X)) N
{&=&1+a£%9q

. 3
Yi=Yiata-sind-q

b, o FORHNUT @, SEEY[-11]. 0 RRBEHLAE, HEMEI] 180180 ], q dRbEHLEE,
SURAET B S REE, ZESCIeh, BR300 YIS IRLARAR JC A BLAECHB 2 IO S B oy
LR — 51

BRI SR 1.
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Table 1. Notations
= 1. FSiiA

e e
U TS
0 PERG ISR &
n(xy) K5O F A (%, y) B
d 55§ A2 P R R
€ T NBL) AT AR 55
T FEAEA I 6T AR A0 PR A 75 SR A
C BN AR N K LERE BT 6 CPU R R4
A, 15 p, A p, I3 e

2.2. BigAPER

REFLIA P, AU | AR BT R D, S EEANATA R, BEE AN A
T MRS RN R TR, I s(p.c) ®%, p, FREIMA IORE, o FoRTIRG LR, HE kA

TEAHLUAV, Hi 55 175K d | AT LAREI 8] t, 2246 %7s [6]:

d;*l :d} —t,

Horbr, ¢ ROR BRI (R AT DAL PR A 75 SR BCRE o 28 3 P AR A% 75 SROBOK, - T2 AL 75 114 ik 55 IeF 18] 3

.

ASCHH —FpRAUT Sigmoid bR EL TR I IRIR (S 5 IR RS89 (5 5, MRS FR SRR
@%ﬁ%ﬁoﬁﬁ&EE%%%%%ﬁ%ﬂﬁiﬁoTE%S@%*&W@&U@Je@@[ﬂﬁmﬁ

THORIXFIR AR

d,+ 5

U(dj)=1—exp

N
%ﬁn%ﬂ%ﬁ%%%ﬂ%ﬂ*ﬁ&ﬁ,ﬁﬁ*¢%ﬁ@&w“ﬂﬁﬁ%%o%ﬁﬂ%ﬂ%ﬁ%%%

KRR N T RS BRI TREAT AP SEIR b, & T BRI S RS BERE SUN: (6]

ZT:ldj

Qos=1-=12 1

PICH

FERNIBE AT, A2 BATHEAT — M a2, El T AR ELEE S, &ELANK
B BR FE R T K o IZAER ) H AR AL TE AN 2 ™ 75 SR AW AT AL AR, 1R R B RS
Mk RERT L P R . BART S, AT DOd L /R ar RBE AU R S AT 5L [10], B ANLAEA FIRE R

AT NFI R, DA HOT 280 B 7 75 SRR i ST AL B A% . 8 SGRARAERE A FIHTAR A AE R B:
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a 1-b d°
A:[l—a b } B{o} "

FERRRE NS IR, 2650 B IR e R 2ry ans[0] (ans= AxB), TIJREEISHIY
T Avans . L ZUGEI, K SERINFRAHEI R T oK. S A PIOR B R AR AR Hi
B S, a fRALHRT P SRTIRSLA BRG], 11— a (RIBIARITHAI. b IAESS e S AL H
FRIGLTRIT L, T1-b A0t FRSMBRTIRMR AR, F, SATERAERTULRRY

Ax*B, step =t ®)
A=ans, step=pt

i

BEA,  FIN T A B AR B R AR T AL Bl I (] A1 28 S AR B A4, BRIV step At L, t KR
SEM— IR E E BB FTRR IR ], 1 p AR t R3S R, step AR A H 1A%

N T B ORE E 2m F ATOR I S A B KR 2 FE e AW B A NS . IR 125
i P AR PR AR S BORR SRORH R D>, T B 28 B R R E M. BRI S, AR BT MLt
TENHLR G BEFEFIZ p A t, DA DR R 48 REAE 5L Bn S0 vh SE L B AR 45 R AP BE

2.3. RFERE

AT RTINS, AWFTESIN T — DB ZHERE S N B EE 35—
RG], HBE TR, WJUTE . shaS&im ok, KA APLRE R AE. il
JIFERE, e AHUAT LA E foe FEBR A%, Dhds/IMUERER VAR, RIS 2 Bl aS e R o A SCHCR ] — ik
RIS, I ANLREN I 7 ) AR AR AL (R B Ek F i (it . XM I E K B 2 fe it T AL
B FERF, e RGBT

KN ZH [ SCHR[6] R B AR R AR . M B T p, A p, 1A R 3R R B 5 SR
M

1+ Zjes(p,,e)u (dl)

FEREAT I E SO RAS N AAEL, HA SRR IE TR, B5E, d, | FoRsl p A p, Z 1A
LR RS, X — A B R A, A TE BRI DA 5 IS A p, 21 py 2 RIS 1 XU o
r, EHE TR p AR FRE . ML TRE=ARER, BRI AR pes.

2.4, BAFERE

FEHAE A R b, R AR RE R SRAfE 21 B A s AT B LA o AR O BRI B — MBI R,
TEZ YOEAUR B AWSR[6] . NN TN S RA IR AR h
1) WIAHATERE o K B AR BE N 0, KR B bR sl G R IR (E A 55K
2) BRI R IR LT PRt P R A — A AR A A TR ST A (L K DA
YA o
3) ERWIR2), HEEFRRSEIRERE.
Gy =min{G}, A

©)

Apixpr = dpi,pr + K.[C R(X’ y)ds+

oo +Cp JoiTe{1,2,4 N7}, (10)

E SHT BCA R I BB S S B e & A e RS B R b, AT — N B U S E N AN I8
AR EAERMAIERE G 2, NENEANER—H R RS Path /8 A6 AR . AT ANL
R ATALE, AW G IR RA R N2 L% 42 Path o R SAIERE G, T ANLIHEHE T —4
HArfiE, HEIPA HLEES A6 H ft.
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2.5. BBEHRL

HAAokUl, SEANTEANURSE AFERE G A A O sl SIE VIR R AR . ERATERE G h, b #ER
ARAREAR R, IR AR A I B B Bk Ae . XA SRR AR [11].

1) Foraate Nz,

2) K G fiR/AME p R ME] Path 1, IR p, BB NI K.

3) R 2)EEAFIHIRAL.

FERA R, AT — AR R, BN EANEIA H MLl D MR G . D,
FIAFEITHIEE B, T G NAE A A ey ) 2 RALE BTN T — B ZAE (R e A

FERNNE RS RE S, Ry kAR [N, ZmH PRt T B . T2 1 A A
Bl WREREE bR, W IR AR HATE AL 2EA I H (s, Wz AFLAFEIZ
THBRAR FOAAAE . ERLIE AR08 R XA, B AN IR, 2958 | AT AU 2 BErS i,
EREH AL PR TEGMNE L, I SHAEANIEERZEELE, UhFEME T 21730, 8254F
AL H A BT e AR AR A S A E R B AT AR HE R AT L BT, I B 1550 Path, o W RBA AR AL,
TENNURITE BLA B8 4% Path, 4k8: 64T, JF HASZIEE | NIEANLEGH L E .

3. (ARFTR

AATE SIS T I ANAER BT (325, JR L S AERRE R €A BT T 1 AT HEAT T LB BtAh,
ASCIELCRL T AEARIRI SRR, e th ) BR AR ) S5 55 0 i ) A B35 2 TR FRDSEE L RE D 22 57 o

FESRE R, PR E e SO — AN N*N - (N =50)M#s, bR RLMEEN 1. EmEE, &
=AEAN ALK AR Z AT ANIEER BAR . SERAEI = ANGE =
RATEI A AR AR EUE AR, T ANURE RS S A AR Bk bR TR 8RB AG  SR  RU
I r&im BRI SS . = AN ANLRIER AR A F B 26 56 R

R R, IRIESH R 2 91ath 7 28, JFRIE BRI SEIR 26 fF R B 7 2 5UE .

Table 2. Table of experimental parameters summary
2. KWBHR

KIRZH ZHUE
N 50
K 20
M 2
Yij 8
€ 0.2
R 0.2
a 0.8
b 0.9
T 15
R RS A7) B 10
A P8R 19
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R 1, B DA R, BRI 08— ALk o A ROA%, AT DR 44 A 1Y
S IR U AL D B RO 1 RS ) TR R, AT RO s 23 (RN IR BN R Bedh, A RS 5 AL
BREEIR, (ET 5T N FEIEAT BT o S IR 2 (8] B U N 2 T A% 38, T
PRI CLi S A3 R B, AYBIR[6], e 0 T U PR 2R B B PR ) o SRl e 7 (15 5 L ) 5
RSB 3R AT AEAT A R SRR, Wi S (AT A £E I 5505 T 14 DL A«

T 1
0.9 09
08 08
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06 06
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Figure 1. Simulation of UAV-MEC based on proposed path planning platform
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P ERTEANL i AIBRIS R B % B B0y, RERENTIE. EE E, RMA=4
RO R = AT AL, T O A I T R AL [ P s 2 . BRI G2 P AR ASOE F) RR R
7 A S P O R S NHLI R AEVE R . 46 B PR OB AR 55 2 Ron b M AL B, SRz A R
7185 PR A R R IBG ) PR i

A 1, AT PO AN R AT A 1 T I 5 25 AR TR o 3K e B 5 A AR
WRIBERF AL ERTEAR . S8R XI5 DLW I 2 5 750K, 75 220 ALER A2 K38 B R 2
AW E DL BT RIRBh BRI, AN PUE AR . AT ALEE R, it
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3.2. BiREZS A*EEEER

FEIX 85y, HLEL T AXSLEA A bR AR R AR SR 20 7 M2 5 FINBRIR 2257 . PPN
PR T B A AR, WSS R, TR KR P, ot ez Kz,

A*SLIF R — FRFETE BRI 2% rh TR R R AR A BB A R 07 W T 2(a), EFERMT, A
AT LARIE A bR sl SR, JERLLEEE 1 ANIE 2, ATCLBRAE B A*SEIRA U B AR BE W I g TR Y
Bike. LRSS, TAVRIRERIEFER IR . SR, AIE 3 FTUALSER], B 2um H 7 £os 1
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Figure 2. Simulation of UAV-MEC based on path planning platform with A* algorithm trajectory
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Figure 3. Simulation of UAV-MEC based on path planning platform with A* algorithm trajectory in new complex situation
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12 MAE 3 BT AXELEANER 0 H ARSI R 2R UL K ANL AT B R R PR RE - SEIR 45
REH, fEXLeEt, b A*EEEHIK T AN AR SHON A TR, TTEBE R A b
T, BHFEIVET LOE B S Y, A & B P R IR S, WM SR, R E A
R 55 B
Table 3. Comparison of Key factors between target algorithm and A* algorithm in complex environment (M = 0.5, nineteen

terminal users)

F 3 AERMEPFEKREHM=05, 19MEIKEAF), SNEREEN ABERNXBERAITHR

IR 55 o AR E S35 A
JR: 2
H bR A*ERLE H bR A*ELTE H bR A*ELE

0.50 0.97 0.75 1.01 0.75 6.90 0.70
1.00 1.00 0.61 1.02 0.61 6.91 0.63
2.00 1.00 0.55 1.03 0.55 8.36 0.45
3.00 1.00 1.03 9.10

5.00 1.00 1.09 4.56
10.00 1.00 e To Gl R 1.15 FEB oGl R 5.01 FeB oG, R
20.00 1.00 1.19 4.79

100 1.00 1.23 3.45

12 A3 3 WoR THE B A I, SR SEM AXELEEAR KA M E T tkRE =S, t
Bt EERE=ATrH, MRS R, PHSEKE. FXE.

R 2R VB EFRSHM T, ARNESHK BRI SHRE SRR, ERXARZLT,
SN SAR L, AXBRR DU B P AR KB P . AR, AR T A 2 g
MR, SRR R PR, tehh, BRI, IRo5 ke T F, A*EETCIA R E th et
BalhG ), FBOUBATRA %8 m TR

R AR TAENBESH K 5 2 BFOLT, ARTSRESEE TR, @I RS E N 2, itk
PR SEL AR BERIA HAR sl WRAPRTLUE Y, EMRSSIETTH, Bk E T Ak, sk,
FER AT, EHARSIEW DR FFERI T AR K, [N DR FFBE R AR 35 KT BB RS 4
M0, AXSLIRRRE | — S 5 Ko BRI, AR OL T, FARFA A 20t o v FH P BRI IR 55
Table 4. Comparison of Key Factors between target algorithm and A* algorithm in complex environment (K = 2, nineteen

terminal users)
4 EEFMERRESH K=2, 19MmAF), MEREEN ABENXBRRHITHR

] AR 45 i &2 B AKE S RS
MB&%%%& — N, N — N, N, — N, N,
B AR A*ELL B AR A*EL B AR A*EL
0.01 0.76 0.24 0.96 1.01 0.91 0.90
0.05 0.84 0.36 1.08 1.02 4.48 0.91
0.10 0.90 0.39 1.07 1.09 7.21 0.93
0.15 0.93 0.40 1.03 1.15 10.05 0.93
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Continued
1.00 1.00 0.51 1.05 1.15 9.30 1.30
2.00 1.00 0.51 1.07 1.15 11.67 1.30
5.00 1.00 0.51 1.06 1.15 9.82 1.30
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P9 e P S B S8 2 PO A5 365 I8 P A i A 55 AR o 3K R W i L ) S92 A DRAIE A e R 55 1) ) P LA R AR 1
PLs e XFERIER N IE AN RIS 1A R AIAR T T 58, FF AT NI AN RAT (KSR B i 42 it
RSMZE,

4, g5ig

AW TAEZ TE NG BT TR, 320 7 — /MR S R, RS JSE AR AN K
ITHRAFEOIMIG . FE 2RI WETEEEAE AT e, ABEUSIN TR R, Bl EEm % s,
AT 23 7 2R LS TS AHUE RATREAR A BE VAR . AKX LA B W N2 AERE . IR S TEA
PLETES AR L o XA A o 1 SEIR PR BT A JUSENE A5 FCSE A SR S e i, [RS8 IE T
I FARSAAE T AN LR AR vh A0 A R E R AT S . s af AR W], BB, AARSiikk
DU R RE R, T HAR SRR . BAh, ARBFFESRIA 1 5 N5 B S SRR B B U A L 37 5
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