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Distributed Task Offloading for MEC-assisted UAVs Using
Multi-agent Reinforcement Learning
ZHAI Ruo-xue, LIN Peng”, CHENG Fang, JI Yang, ZHANG Zhi-zhong

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

[ Abstract] The unmanned aerial vehicle (UAV) system, with its advantages of flexible deployment and line-of-sight propagation,
has become an essential tool for assisting mobile communications in handling high-density data processing and emergency
communications. However, the computational processing capabilities and endurance issues of UAVs under complex environments
remain significant technological bottlenecks. The development of mobile edge computing ( MEC) technology provides an effective
solution to address UAVs’ computational and energy consumption challenges. A distributed task offloading strategy based on a multi-
agent reinforcement learning algorithm was proposed for MEC-assisted UAV systems. The task offloading and resource allocation process
of UAVs was modelled as a Markov game process (MGP) involving multiple MEC nodes. To solve the MGP problem, a distributed
reinforcement learning algorithm for multi-agent collaboration was proposed. The algorithm enabled agents to find the optimal strategies
through online collaborative learning based on local observation information. In comparative experiments, the convergence and system
performance of the proposed scheme were evaluated. The results show that the proposed scheme outperforms the comparison schemes in
terms of convergence speed, energy consumption, and unloading rate.
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Je AWML (unmanned aerial vehicle, UAV ) FEAf H: Bl N 2GR S 5 S s A . &
RIGTER S, T30 S5 AR R sl W4 L H o AWLAYIR 55 P RE B ke 1 355 A8 3 /01 2 55 Wi 17 P

YKm B 2024-11-16; f&iTHHA: 2025-04-28

E&WA . FRARPAIES (6220011089)

F—1EE . BET (1996—) , Lo, W, e N WL R A=, A58 07 o T AL 3t B R BB AL 58 . E-mail: 1986573175 @
qq. com,

CEEEE . MM (1991—) 55 BUR, ILARIGUT A T BIEUZ . WFSE 05 1] S5 S R IR AR B R B M AR AR R iRk 2 2 Bk
B ML, E-mail ; linpeng@ nuist. edu. cn,,

¥ F5 M HE - www. stae. com. cn



B R 5 TR

8544 Science Technology and Engineering

2025,25(20)

B, a5 AoA R Y Ho 2 B AT AR 2 T AL
RECHG AR, Jo ALY L 2 R HL 53 g
IR R, K PAT 155 % 5 BUAT: 55 25 4 S 2 ot g
&), s Jo AMLIs TR RE . B3l 235 (mo-
bile edge computing, MEC ) 5 R “ 18 T AL %5
AU S5 B B R A RE T i & A L,
AT 448 i S 2 T B AP TE AN AILBEAE , A 33U e |
R[]

W& TE AP MEC HOAR B A T MEC
I TC ML AR IR 55 22 GE T 58 1 A, AR DG 43
WSRO, SCERL 9 ]l H S AR AL iy B e Fn s
SR, FREUCAL SR L UAV B85 AT 55 1 20
TV AT 55 IR 55 B3R . SCHR[ 10 ] it —F
W 1) UAV B Bh =h 50 3 248, IFH
DON SEEESE L UAV BRF D, T E UAV feff:
RAFOLE , SCHRL 11 ]S —> UAV-MEC &%, i
LR G AT 55 W UAV TR RATHLGE, $2
AR RO BBE DA R T P R 30 1) S il
FR/MERGERERE, SCHR[ 12 ] 5F X5 #8310 2 1
st YR I GAF R B 0 2h AT 55 1 30 5 2 4 B Ry
BCIE A Ab S g, LA 2B A REAE M A0 4k B A, 1511
— PR BE SR AL 2 S SR R B SCHR (13 ] Al —
FhEET 544 UAV B PRIEIHE 2 RTRE SR Sl i 3K
AL OCHE , CPU 76 241 38 i S 2 32 45 07 =X
I RAC 48 i 55T 55 IR 55 1. SCHR[ 14 ] 58
T MEC RS HiH555 G2 A7 ) 8, H AT UAV 42
HERTHR MG AE B IR AT UM, S/ ME BT A i ik
AT AT 55 58 AT A8, SRR [ 15 ] 0 40 3K 090 35 4
A i 225 by DX TRT I 199 IR S O A 1) T, 38 8 T —Fh 20
N B 55 E AL e TR & B BER L
TR 10 RO AT AL 38 A7 AN+ 53 B s 40 1, DADSLZD $hA T
FEIR, SCHR[ 16 ] $& T —Fh 3L T Dinkelbach J7 ik
FNPARR T BEROR 1 IR 254 15 R, BRI AL
AR BB 4 B JC A ML SCHFIY MEC RS Y FE
FEAXHC A E A RS RN AT, DA T S5 B RE JA
LESIITIN I

LIRAFGE I MEC f B UAV RE4RE T £ 5
MR DT 58, —E B BT T ARG IR R, AR,
TEMHIR 22 MEC 19 5UIR 55 1 Z T ANLRGERT A SCHF
FEATH I — L PR, — 2 B B A 5T 32 858 i A
TR A I M 2% PR A 2 U046 T P Ao F e A AL Z
B A 55 1 4R U 3R T A HLER & D) Je 3R 45 S RE FE
L MZM T EAMLS MEC 17 509 20 A U PR A
M5 & T A A [ 8 — A% 40 1 46 b XA Ak
R A2 2] OB T I 2% 42 )/ S A IR
200 T e Z R EME A R B B iR T

IRIAIRE 46— EAG 1 U RE T 1Y A 3SR UAV
S HBE R I T 2, %I &%, dd 24
MEC 5 i3 P E AL B B3R A% i 2 3 73 e A58
Oy T TR W, 7 WG R AT 55 IR 45 B 4 2 5K 2% 4
T BEAIK UAV REFE ., BT 55 12k 5 BE U5 e ) Rt
BEMEC 15 5 Z 6] 1Y B R 7] 5K 1 25 5 #2 ( Markov
game process, MGP) , N1 2 MEC 7 5 1Y
L IRPE e 2 0] 8, it — Fh 248 Re K o Ak 2=
( multi-agent DDPG, MADDPG ) &3 , i i .00 Ak Il
Yk i MEC 75 5UBERE A1 FH Ry S0 I 5% 1T 38 17 P
VERL 52 IR Lk 27 2] IF Al e A m . e 4 L SL I
A G MADDPG S5 7R WSk | I 1 55 1 2
SRR 25 A T RAEREAE AT 55 HI BRI
THEGEIR 7 P55 5 T AT LU oA, U ELSE S 46
SRR R EA W B

1 REFREMEFRIR

1.1 REEHR

W Fros ARG S N AT
MWL Vn e N =1{1,2,---,N 5 M4 MEC ¥ /&
Vme M= {12, M|, ZRGEMZOHIRZEN
AFEA AL B B T AP AT 55 E 20T 5
EMR% . A~ MEC 7 S 38 0AE — A4~/ N 2 ik
%2 ELA& S I AN HLER HE 11554 55 0 20 IR 55 1) B
J1o BB R MEC 3833 26 6 1% 250 U5 B S,
MEC 7 & 5 UAV [8) U f B JC 438 15 17 B s 1%
i, TCANLSZHT b BEAR SC AT 55, HUX i 7 B[]
HAREMBUSZRE . R8T TC AT 55 40 PR 8L
FEREREE , TS ANLAT LLR AT 55 H 28] MEC 5
S BTN EE ) MEC 9 ST EAT 55, R4
WAL = IE AL, T A RO B AR TC AL A B i
FER LA e IR 55 Bsf T

TE% ERY IR TP MEC 7 55 BE WS AR 415 JC AMLET
PATIAE S5 U R R RE 07, 28 0% H 328 43 i

K1 MEC 5By AHLFR S
Fig. 1 MEC-supported UAV system

¥ Mk . www. stae. com. cn



2025,25(20)

HAT 55 MEC BT AN RGP LT 28 REPRIR AL 7 > 1 oA U 55 I 3w 8545

FHRNE BT BEUR AL 55 R W B, 55— MEC 7
SUTHEAT 55 th a8 5 B 5 JE AW AT 5519
ARFRET ZE | A2 B BO A MEC 37 5 UR N
X IC AL P AR B8 7= A = ) B TS, A B
IRAE, MEC 17 65 nT 38 5k 22719 05 (8] i U [ 2 1
LA 5w LRRAS 19 a5 T A BE JEOIR S DA B AT 55 )
FETT R W58 et SR W, LA AT 6 A HUAT: 45 0 2% A
PEURA L , A TATHE I 22 T AHLH P g st T i A
RE I FIEAE 72K
1.2 MZEEE

IR AMFF S = A AL 55, AT
HifiiA MEC BT AMLR S K R Gt ] 4K
BIHUN B ¢ e (1,2, T} BT RELE N AT
2SR BB E A T AL BT AT 55 4R
BATLLERR A A = [A A, A - AL, Hirp,
A, =1D,,C, ,T"} } UAV n "EJBMHEAES; D,
RPATAT 55 B s s A B 7550, bits; €, H5ERL
B4 TG T F R BT, CPU cycles; T0 AR5 K
ik ZE BRI

1 ¢ BB BEARTE AMLER X = A B AT 55, 1o Bff
VL) MEC 5 55 &R AE 55 1R . BlJG , MEC 7 58
P B 9% PR 250 AN TC ML) i =R B0 pe 28 S 15
FZTC AN AEE R S5, & X+, = 10,
1} 1832 MEC 75 5 m 7E ¢ BEBRXT UAV n 94T 55 128

RH A x,, = 1, WERPUES i T AN n HIEE
MEC %5 5 m $hAT, %5 «,,, = 0, WHESFTETCANLA H
?ﬂﬁ?(}

B BT ANUE 55 (L REHI 2 5] — A4~ MEC 7
SEATAR B A

M

t
zx 11111 _1’

Vn,t (1)

BEZATCANHE RN [F]— MEC 75 50, i T H
eI [R) — 30 15 £ 18, % ) & 7= AR A Tk,
I, 4 UAV n 7€ MEC 5 55 m _EHATIE S EIZT AR
PEAARNR TE ¢ B, UAV n (9 B A7 15 i i ] 36
A

e ZB; log, (1 + f‘"‘"pm" ) (2)

N + 0

K (2) 1 ot g UAV n 76 1 BB EISK 1 BTN
BURIE R TAE, 0, = 2 apl i FEH 0, S m

TE ¢t W BRXTTE AL 0’ BUEIEIRR s ), HTCAHLR' 1Y
BHUIR R, AT 0" 5 m Z [R5 T3 25 ;
B, J BATHEHOT ST T ; p,,, WAL n B9 K
SR o ARSI BRI 3 R HIR
EHIERM G o ~ CN(0,1) ;0. UAV n 55 MEC

TRl m Z A5 B 45
TE ¢ B, 58 SO AT Ak i

log, (1 + ¢ (3)

dw dw
r =
t

mn
x mn

neN

K3)H: B, B AT ¢ RIE AL N AT5E R
(EL 15
1.3 t&E&Es

TE MEC 5B Jc AWML 50 X g sy
AR5, £ T AW AT BEBEAE A ML P4 T 5 i % T 7
A BT B AT 55, W0 AT 3 0 B S AT S5 I R T
AR HIZ 2 MEC 9 S TiE A, B R SS
AbEE R P A I AE S BE B AR P O TR &R, AR AN
T,
1.3.1 JR4atat 4R

XFREHITEALS , TAML UAV n SEHEF]
HEH A SR A B o ociE 38, I, A
55 BAETO T I TC LA, DTk e A5 A A

1155 A, 1€ UAV n (TSI RE ] R

C

= (4)

K(4) . £, 7 UAV n BJITHHE ST, CPU cycles/s,
M UAV n P2 AETHEAE S IR K I 2 MEC Y
Som B MR S5 ER PR AR B, — A o JC ki
% B A% i E | EL R T 25 AT 55 A BB P A B A
DL AT: 55 it 235 SR AR 3R AE
T AG I HER] RN

D
T = (5)

t
r

UOMEC 5 8 m A F52 {E%5 15 . F 2T 5 46
LS HE A 5
riv = B0 (6)

rm/t
H(6) . B AR 55 AL BRI BRI I/ 15 iy A K dle
RANBI LA,
Ty — 434 UAV n 1€ MEC 75 £ m AbBEATAESS
H A P 7 2
- (7)
F,
X (7)) F,, AR ¢ BB MEC 39 5 m 2 BC43 TN
Bl n BRI, CPU cycles/s,
1.3.2 fezifAesedl
TETCNNLARGEH , BE 1R T FE I 7 MAAT 55 PR AT AL
R ARG ELIs AT T AR Z N R
f£55 A, £ UAV n ARHATHIRERE AT s
" = kfC, (8)
A (8) Wk ORI R AR LR Ik T A

Tcom
mn

¥ F5 M HE - www. stae. com. cn



B A 5T R

8546 Science Technology and Engineering 2025,25(20)
2t ARSIE A 8l i Gt 53R 55 4 R WL iy 2 45

ML W HEIZ E] MEC 95 45 m #0047, UAV n 3T
FREFERBAS LAY B . SR AT 55 E A0S R R A A e
HEFRAMARE I FE , BRI AT 45 LGS MEC 1Y
Bom WAEIRERE, v RN

)
B (9)

DAKCT #T3a  r = AR R ke, HO A
KH

gl < Bl (10)
2 BEERESESHF
2.1 EBHAUEDRAIKEZE

FEERITCAM G HE MEC 1 S M S AL EH
KA A s R ) 6 L R 28 Rk fk 2% )
Bk, BTEMRR B S g1 E R S @ AU B E AL
1155 B3R B G R A L, HFAR E MEC 37 3SR B DM
LB R A T B4 MEC 3 SR —
REMAR, BEARE M AT RGUIRS P 286, A ik
IR SRR FE A, ELART &, 760 2 T AT
25 I FEE SR R IR T, MEC 35 7% B i /ME UAV
RGLREFE, ML — H bR, B RE R TE Z e A b UL
D5 8 B FE A 38 i 5 R R 3R 58 1% 52 B A H: Al
MEC 5 25 B PME , 2 2] Bl AL AT 45 sk e ok |
FT AL S Ty 2 5 s R0 58 Wi A BC SR s, Sl i — 2B 2
MEC i B TE AWLR G VERE, R AR T i A2 5
RERPIMER) MADDPG HIZX 5 1, MADDPG B ik4
AT 55 (3 R R 4 T s R A S MEC 7 p5 2 [A) A9
R AT KA ZE 3 2 ( Markov game process, MGP) | 1%
MGP # Je 4 A CERELZ UM SIAE IR R,

(L)W, MEC #Bh T AHLR G R —A3h
ARG, MRS L3 R AR KSR
S R, WAy KA A TR B Y R g, B
L:L7 <k, <L, 6 Hf, v=1.2,- KL RJ45»
WIS o DNEEHB R L, =0 L, =05 L, N
550 DB L, ML FYE, RS HEE RS,
MEC 55 4 m MG HIRIYF B A K, MEC 15
som WIE T KR o, (1) = {h, b, -,
R, Hedvn! BBUEIEREY (L, Ly, Lt o

(2) 1. B Be AR B 3h 1E AL 45 4T 55 ) 2k P O
x,,, AT DA p),, FIBTIRIT IO F), o AR
W5 MGP, 7E ¢ BFBR MEC 35 55 m ) R GE shE nl &
RA

a, (1) = 1%, P s | (11)

(3R, 1E MEC FHBI X AN R G, R 58

up
E mn T

AR A

s(1) = %01(l),02(t),"',0“w(t)} (12)
2.2 MGP &R

ARGl VEM JC AMLAEAT: 55 S0 38 R0 5% U5
Fic e ok Ao A H R B T FE Y TR LS A, B REAERUIK R
GeMe e, AL A BT AT 55 B R TE )
A ZE L SR, H A A ) 2 AT 55 40 R 7E s ZE B 46 Y 58
o AT 55 RS s A R o AT 2w Ry

max {7 T + T°" + T | < T, YneN

(13)

T ¢ BB, MEC 9 55 m AR 3R R o, (1) 2R
BEhE a,, (1) INRGXENTFRmR R

1

r,(t) = — (14)

> E (x,p,F)
n=1

KO H, x = (&, | FEFEHBRRE; p = (p, ]
K EATIERTRENS, F = | F' | AR R
g E' (x,p ,F) N UAV n b3R5 A (0RE
FERUAS , W] Ry

E(x,p,F) = > [(1 -« )E" +x, (E" +EN)]

(15)

SR HE MEC 7 55 (8] (915 B LR EME | SRR

JEE bk S X BTN, B0 PR B B AR AR AT A [F] 1
MR, B r(e) = 1, (1), BT MEC Hi B K AAML
ARG shSPERE 24k, o8 T 1E8 BEMA i Bl v
HLCMEC 7w B BRI B br e i KA T R B

R,(0) = E[ X yr() ] 3ty € 0.1) o7

5, F T A 24 1 5 il N R R A B v, g
RBENS Bt 2 M AL AR Wk 47 8, DL Rk B
il , T B AT 45 TR SCR AT S
2.3 MADDPG #EZ

MADDPG & —Fh 454 DDPG 5 £ % RE 1K 1Y 5%
W& B A AR I 2R 5 25 R AR BT I
WM R 2 s B AEE T 1 25 se R s ik,
X TRAMLE MEC 5 8 894543 2RE %, MADDPG
BT DDPG Bk, fuiF 5 BEAAR 2 18] 38 e WL il
5 NG MEC 37 5 B f MERE T, I, R
SERENS [0 0 Hh R B SR, SEEL AN TE ML R G g
Fefe/NME, 156 b X B — MEC B RE 1R Y
DDPG B ¥, B 5 PEAN A 4438 T £ MEC 5 A5 1K)
MADDPG %43
2.3.1 3 MEC ¥ % m % DDPG £ %

WK 2 47 7R, DDPG HEZE i) MEC 35 5%

¥ F5 M HE - www. stae. com. cn



2025,25(20) HAT 55 MEC BT AN RGP LT 28 REPRIR AL 7 > 1 oA U 55 I 3w 8547

Critic
On=(s), a)lo,) O=(s), ajle,)
B E R
HH
a,=u,(0)160))
tpkag
I A
I &
{r, (0,0, (0} Yy e Al
a,=u,(0)]07) 0i=(s), alle,)

MECHi Em o
)
(® i, (0, 0,0

*ﬁﬁ (0,00 a (0. 7, (1), 0,1} T
()

MECT i |

H i SR P 2%

fo/. o
{o), 0.}

(s/. al. s
o Byys 53y

0,(t) va;(t) r;(t) Fo/(¢) 3 07E ¢ B REVR ¢ LIRS B 2B AT — D WIARES ; o), 0 j A2 R fE BAREAC T BT 35
BREENRSTE R 5 o, NIES j AFEA T MEC 1Y 50 m FEMEOIRE o], THATIZNINE; #, o MEC T 81 m 1E55 j MHEAR T BUT of, J5 3K
I EIERR 5 ) WTESS jASREASH BT MEC 5 58 BRSBTS IR F A B0 T — VIR s wl, (o, | 60,) W Actor AT i) H A7 190
s Q8 (s, | wly) J Critie T EBROMILIOZ s, R L2 5 ), 0985 m AR REAR G0 BB LI S8 U1, ) ) 0l |
HBEHUANER U ABEHUREA |5, ), 7], 0], |
K2 & MADDPG 5 Aii sUHI B RS L 451
Fig. 2 Structure diagram of distributed offloading decision algorithm based on MADDPG

7/
m

o/ al, 1/, s/
AT ATAEA

{00), a(t), r(1), 0,(1)}

2 )i

REAAR m 2 ANl ST BEERE Actor IZEFI Critic 4%
ZHRY, Actor MIZEIE T Y RATIRENM o, (¢) , T H
AWM ZHL 0, BRI w, (o, (1) |6,) Hili—
MM IE @, (¢) o 10 Critic P 2% MWDK FREE 0 R
PO ( BIARZS ) AR A A ShAE f 8 o5
B, (s,,a,) VAESITERIILSE , TN Actor 2%
SRt st BBl e B AR )

FENE R ECH
Q,(s,,a,) = E, [Z,ytr(t) 's, =o0,(1),
a, = a,(1) | (16)

HRAE VR S T7 7, SR (E eR K i V3 5C & m]
e

Qu(s,sa,) =E, [r(s,,a,) +70,(s,,a,) ]

(17)

A7) s, AEBEER m AT IE o, (1) 5, 3R
BRI T —DRE o (1), Bl s, = o/, (1) ;a, K
¢t RFBRAE TR — RS s, T R SR I 2% i i Y Bl 1
al, (1), Bhal, = al (1),

PR REARE T I i S5 XU, Actor 9]

25 Critic MEEHEA —15 A BE5AHERR H iR
M2, R S50 607, 1Y H bR R I 25 Fa S8 o, 1)
HFRNE M . [F BT, DDPG 28] A T 25 [\ 7k
HUHI, A2V MEC 77 558 BEIR m 76 5 3R 8E 28 B PR
WEERIMAS {o, (1) ,a, (1) ,r, (1) ,0, (1) | TFHEE
2L A1) B 1T B O W87 W I W = =Y £ N -4 A S B £
2205, I MR TR R e 1

VE R —Fiiff 2 M 5 WA B 353, DDPG ik 1
ot BARKE Tl 4 Actor Méﬁiﬁiﬁ%ﬁcﬁ%%%lﬂ%,
FEIE AT Critic 2% EAk 224 558 W& 04 40 (5, DA T I8 48
e LU AL B R, (1) o S FHREAR
W, B E T A R RRE 2% e, (o, (1) | 6,) IS
o VIBMIEME O (s, ,a, | ) THEZH o, &
FEEACYI R, TS 22tk Bk &, W&
6 [mTC s P BE AL B —HEREAS | I8 o A B3 B
& m H, Actor Fl Critic W5 HE I Zr it #2 77 32 T 4y
AFIREARBIRSZR T 0 Flw B, LIS jREA
Bl {5, ,dl,,r, 8, 15, = 0, (1) s, = o (1)} A,
MEC 7 S8 BB m TP Y Critic W25 56315 TD %
Z RIEHEHMEMLE S o, Critic Y5 K451
B iR 2= BT R

¥ Mk . www. stae. com. cn



B R 5 TR

8548 Science Technology and Engineering

2025,25(20)

Lw,) = ;X [0, @) - 2] (18)

KO8 H: y, =1, + Qi (s, a, | 0,) NEREEK m
TN S AE B U i A2 55 1] 75 v B A AR
pE N ) I (= N e I ) (= (= R O G
d |o,) ZIHBZEME N TD 22, $RJ5 Critic i &
28 S HCHE BT A T Ros
w, =w, -6V, Lw,) (19)
2(19) ¥ 8 Hy Critic P ERIZE 12 2] %
DDPG i ok fe KAL SRS, X Actor M 4%
ZH0 0, AT ST, T A6 e 1A 1) S
B UL, DDPG B35 ) FH SR A6 B 3k, i
A SIETE S RS T IR 4, ok 18 50K
WO, TERAE PRSI O HEZR T B BB AK m (3R
WA R BT Ry
Vo,J,(6,) = E,[Va Qo (s, ,d, |»,)]
= E{Vou,lo, )]V O (s, .a, | ®,)}
(20)
SRIG R IR B2 T R 1 T B SR W 26 2488 0,
6, =0,-aV[-],(0,)] (21)
K (21) T: a4 Actor MG PIZE )5 2] K B
6, Mo, WSEHTEHET, BARMZ S50, Ml o], W] DL
TP, Al Ron
0 =(1-7,)0 +7,0, (22)

w =(1-717)0 +17,0, (23)
K, 7, B, S HARM4EA0E S5, 8 8 S5
TR T R G205 TR H A X 2% 288, LA in |
2N S Yrey i

2.3.2 % MEC ¥ &% MADDPG H %

A 2 frzn , MADDPG J& 1 M 4~ MEC 5 A4
R Z 8 etk DDPG MMERESE , A% O A Th
O ZREERE R B 3& B BMEDL I S22 MEC Ty
S E B AR AT R Y 2 O AR R
A MEC 5 s A A 5 10 535 Bk i T Be iR iy
PRECR, B, FEAT LR T, MEC 95 85 m 7E ¢
A B AR S I o (¢) , 38 5 DDPG B3k K v #
Mt a, (1) =w,lo,(1) ], BEJG, MEC 75 5 m AR
o, (t) HBEIT —RE o, (1), I (14)
WRERGR r, (1) . T e RACTHE ek i 2%
JAEL, ZE AR DI 2R Be 7843 FI ] MEC 35 55 /0 422 R
R FRIMS , 8 L 5 8 A o AL iy, MEC 19
som FEWEE B HoAth MEC /YR 3R 15 B85, 1 08 ) %)
IAFRIEE Lo.(1) ,a.(t) ,r,(t),0/(t),Yie M| TF
fEAE LI b b, SR)5 , N2 56 it o Bl AL 4k
B UANERGEEREAR S a7 s |je Ul ##17YI

mm?d m?9

25, LA BT Actor I Critic M2 S8, s/ = {0,

0y, 00y Lol = ol ()} Fs, = {of,0h, o,
o oy Lol = ol (1)} oA MEC 15 S0 gk
FERAE . TR R A B S B LB, Ak
BN PR S B, X Al g Bl 50y vk
A REDR T AE S IR A] IR o AR v 2 R A T SR
FRTHIG R SPGB T MADDPG 5.3 iy bk
RRRAERE 1 Al
%1 ET MADDPG HRZEgEFER /ML
WAk %SG, L0, 0, Tl ;
L BEE OB E A28 [ K0
. fore =1 — E do
L AREUITE REEA BT G WS, F IR BRI+ = 0;
. fort =1 — Tdo
X T BEAR m, BLAE BT [0, (1) | 6,] BEFESE
a, (1)
- PATIE @, (1), RIERRNEN 1, () FFRIE o), (2) 5
. MEC 5 SR TCE AL iy, W BT 6 8 ek &2 s A5 B AT 15, ,a,,
r s | TEZRR I ;
0. MZI RN P BN B — LR AS |5, ol o) | e
Ut;
10. ALY ZRRY BE, 60 (18) THAERIK i L( @, ) , Critic fi
% S HOEBA N

w, =0, - BV(‘,mL(a)m);
11 MRE(20) THE Actor FIZEHISRIRBEEE Vo T, (0,,) , RIGHE
WEge, , RN

0, =0,-aV[-J,00,)];
12. ARFER (22) Fx(23) T HAR Actor 4% 67 F H AR Critic [
%Ko,

(o R B N S

(2 BN

3 HBERS
3.1 {AE&IT

ARSI B AF A Python 3.7 Fll Minicond 3, 3£
WS EREE T 76 MEC BB JE AVL R 48
o, AN BUE S R 5 ~ 20, Hir 3 /> MEC
A BENL A AT FE R KGO I . TJCZRAF 1B 1 A

BN N, = b B, BB HE ST 1 )

mn

{EE 25, 2 NAE ¢« B JC AL n 5 HSEBE )
MEC 955 m B A ER R BE B o (1) N BG4 2k R

B (1) = 2 +0. ssin(%“)o L ATHEBRA 5L B,

MU ATHE T 98 B, 39127 200 MHz £l 50 MHz;
BT 5 5T R €, 0300 M CPU cycles; 7 H.
REMEFE IR o 3 —100 dBm, A M5, fF
% D, BRI E M 55 000 bits; 6 AN n 8931
HHRESI N £, = 100 M CPU cycle/s, Yn e N; B4

¥ F5 M HE - www. stae. com. cn



2025,25(20)

HAT 55 MEC BT AN RGP LT 28 REPRIR AL 7 > 1 oA U 55 I 3w 8549

TEMUT 55 52 it 18] EBR A T = 3 s; MEC 5 45
) KALBRAE J1 o F™™ =20 GHz, T MADDPG
B P4y BEE N 0. 955 Actor 1 Critic X 2%
F A 10 2 F 107,

iFAl MADDPG J5 5,5 DDPG FISR s #6355
Xf SRR T LA, IR IC & AT 5 BT LA

(1) J& T 00 B 3T 58 /9 A Ak 1 2% ( optimized
offloading in proximity-based computing, OOPBC) .
TEM T 5, TE AN AT 55 S0 B 25 I MEC 5
FALTR SR, B R 32 B T AR B, Te ik
AR MEC 19 121 HA R %I AE

(2) HA B 4 BE ML T U529 BE ( stochastic
resource allocation with discrete decision-making,
SRADD) , FEZJT %, MEC 7 i R A T HI#0
WA B PR AL 0 i 2 T AL

(3) JoH 2 s 1 ML AL (onboard optimiza-
tion without offloading strategy, OOWOS) , Jo AHLTE
FEAL A b 7 oAy F0AL BRAT 55, T 4 55 )
. Ak, 00WOS 7E 4 7 58 v il 1 57 B K REAE
i,
3.2 hE&ER

i MADDPG 55 2 5 % 53 v 1 B L % an
K 3, al LA 3 Bl 22 e (6 1 B kAR
UK g 30, I e 2 U8, MADDPG H 55 4y
40 YIEAC B AT R i S5k B i IR ZS 1 DDPG
TSRS B J3E 53 70 31 75 22 140 YOI 210 Yk AR,
DDPG IS4 B30k BAR IR T ANEE YRR H
e WSO B A3 J7 AT SR AFAE AN L X B2
[N 2 #E DDPG RIS B 3k T MEC 3 s A i A
AHAE BTSSR, 5 DDPG M LE, SR s
JEE SR L e G Al T ek RO R, BRI SR s, 5%
B B REAS R, AR EL BT, MADDPG i
A YIZRAE BT A MEC 35 5 B4R 74 H 4 MEC 7Y
SR A2 HE MEC 19 5 18] B9 5% 51 Fl a2 Jm 15 R
S AT B g Bk R AR PR R O S ISP Y e 8
RS gy Y 2 Dl (RPN ALREAE) o B
AN, AR MR 5 B 2 i A5 3 5 b, MADDPG 5k
i 3 P A 4 JRy e 5 R s i W B, AT Ak Ak B T N
HLI 28 v 1438 15 4E 55, RE 6 16 Jie Jo 1) I [ 19 O 5K
DX BEARR 2 A 38 15 Al 55, I DRE IR 52 K e R 2% 5z
17, MADDPG FE7E 345 HAZ 2% i R 58 b R AL
FALH, BE 08 i O/ 5K 2 e N7 A B I M O SE K T A
PLE B AT I ]

&l 4 g AN R T A HLECR XS 2R 58S BERE RS20
Fr b 7 S AR 45 Fh o N LR IE BT REAE X A I,
15 SRADD J5 AL, A ST RAL AL HI AR e 5 A4
DA RIS BT T BC SR W, [R) I S L 24> MEC

—— MADDPG
—— DDPG
SRS

0 100 200 300 400
ERUH

K3 AR LT REAR ) F 25

Fig. 3 Average reward of agents under different algorithms

60
—E— AR
| —*— OOPBC
SRADD
—e— 00WOS

50

TN SR

K4 AFEZJCAPUECR T RS THAE
Fig. 4 Energy consumption at different numbers of UAVs
TR B UME A AR RERE. 7E OOPBC 757 &,
SBATE T BOS 2L 55 HIEE MEC 3555, 3i& it
IR R IC AR, ol B s ErE. 5
O0WOS J7 %41 LL, T [ 38 I A L A i 3t
ST SR AE W3 B T A LA BRAT: 55 1 B IR PR RE
XRIIA AR T RAEZ AN R G h BA &
EERYSEHHE
WEELS BR324 MEC 15 550 FL 25 o A ML R I
SEGTIRIEAN , 25 )7 SR AR RIS, BAR
M5, T 00WOS J5 5 58 e A 57, HoAE
THFEAL T iR /KF o HARDT SR MEC 9 55 5
BTN BEFEZEETERIT e 2ol THRE . X2
PUONTERIIRES MEC ¥ 23 I 4s UAV RYTHIRRE
5 , MEC ik 55 4% BE 2 Wi 1V 55 22 19 UAV #1801 5K
MTTREARTC AN RERE, B REFERS E 2 N BTy
TS5 HR LI 203 T MEC 75 5 |t fE
FEORIR TR L, MR A i A
MEC 5 58] 1905 B A B A PME, 2 TE BT P
P LAY EI AR AN TR BCHEME T SEBE 1 A%
MUBERTAAE, Ik, 78 R GEREFE DT I, A ST SRR

¥ Mk . www. stae. com. cn



I S S
8550 Science Technology and Engineering

5 T &

2025,25(20)

O A ORI ML B U, S TR
FETCAMUHLER A EIZR AT 55 P8

K6 ko AALECR X IC AT 55 80 2% v A 1Y
. W S UL, O0OWOS 75 % 19 1 2k % 45 5 R
AR SRR A% T B 5E AT T AHLIL R % &
S FRAS M3 AT 45 . B OOWOS J7 41, Hifth o7 %
) 1 28 R Bt 25 TG LB 3G 0 ifi R B, AE R Y
Bt M T RANECR A MEC 35 5514 72 2 /9 ¢
PSR e TE AN MLAT: 5 1 BN 3R 75 R, BT 42t 1 O 6
FEEII T 100% HIFR, SR, BiE T AL
(38 22 S BUT 55 340, DR e BT o 9 31 530 R 15
PRI HRLE K SR, MEC 5 5 i g A PR S
HOUAV AESHIZCR N, 5T 7 A,
AR R T HAR R E R, B, 75k
AL 5o, 24 T8 AL 5 5 W 45 58 38 R
FERERE , WA R R G RR R s AT
AHLAG T 8 1 o 25 0 36 AT 55 128, 1 8 TG AL
REEAT 355 M B 28 3 T 34T 55, M 78 2 2% 1 38 38 3
gl M e ARSI €T T

15¢ o o o P P o o o
(4 © © © © © © © ©

Re I FE/)

2 6 8 10

4
MECTH 53 23 B i 5 K S 3R/ GHz
ES RGeS MEC HEHR AR E AR

Fig. 5 System energy consumption versus maximum

resources allocated by MEC nodes

100%
804«
e

c\\c
¥ ol
2 60
g
=
< 40f
R
—— RUHR
20 F —+— OOPBC
SRADD
—e— 00WOS
06 O © 2]
5 10 15 20
TANEE

Ko ARTAPEE T UAV BIEIZR
Fig. 6 UAV offloading rate for different numbers of UAVs

7 Sk MEC 7 5800 X 4 Be 45 T A ML T F 5
TRE I, AT LB R A 1, FE OOWOS Jr £,
MEC 55 283 Fe 2y UAV BRI N E . X2
R RIEAR Y BAT 55 HERTIRE, 5 55 AP AS Xt
W S AH LG, PR 07 225230 T MEC 5 A5 [m) JC A BLH)
AL B S R B IR A B, X A5 45 T AT &
BEAS En R P AN P 4 MEC 5 S BRI, AT
i TC AL RE 5 R 15 o 384T 55, 0 X Fh o =X,
MEC 1 s BEHE M AT 55 IR R AL o = 3 i T3 e U

MIE T RGP Re, Xt — 2 R prg B 5 &
BA R se T,
80
Si 60 F
j
g K
et
o 40
=
k2
g
Q20r —e—RXHR
g —%—QOPBC
SRADD
—6—00WOS
% 15 20 25 30

MECHT i3t
B 7 MEC /IR E 4 bS5 MEC 7 8 e &

Fig. 7 Percentage of resources allocated by MEC versus

the number of MEC nodes

4 #Fig

WFFEE MEC B ML R GE h i3 s 45 i
R4 IR K MEC 7 5 8l I BME . 42— Fh ik
JEIAT: 45 S 28 A9 R 43 T 7 8 D B /M TG A BILTE
#E, TERRPRIC AMLAT 55 1 2 i ZEZLSK A MEC 5 15
TRURAR B A A B TR T BT S RS TR R
e [v) AR Ry 224~ MEC 15 5 18] 8 5 R AT e 1 2 oot
&, IR —Fh 40 A X MADDPG 5% | 1% 58 v i 45
A MEC 9 S #RBE R B A MEC 5 250K I A5 B, 52
MAELER I, AR ECHRS D, XA
SEIE R AT AT K e B AC A, AR SO R,
ZA~ MEC 5 s VbR TAE , shAS BB 3R T 55
TV R W i A G A AL BE 08 125 280 58 i K 4 A BT
%5, NI B i3 1 38420 38 W 8 2R 40 1 Ak B 7 g
N 7E 5 B R MADDPG B3k 5
DDPG I3 W6 356 B B, N R SEREFE T
55 SRR AN 43 e B 5y T 43 AT AR SC O 58 B AR
e, PSRRI 5 H AT 7 AH b, A STy
ESERCETE ) RN R SRR €y K
P, FEETCANL MEC FE G838 15 W 45 R I & &

¥ Mk . www. stae. com. cn



2025,25(20)

HAT 55 MEC BT AN RGP LT 28 REPRIR AL 7 > 1 oA U 55 I 3w 8551

ARIOT RN A XAV ARG, L GE N KK E
A BIASFRETHAY IO DL 46 A R B R R L
IR AE AR 5 P 2% TC ML I AR 58 3 26
S, AR SOOT SRAEA U T AT 55 I B A RE i1k
[, BA )z MR 3 5

Z % x #

[1] Tarik T, Nassim S, Zinelaabidine N, et al. VR-based immersive
service management in B5G mobile systems: a UAV command and
control use case[ J]. IEEE Internet of Things Journal, 2023, 10
(6): 5349-5363.

[2] Lin P, Liu Y, Zhang Z Z, et al. Cost-aware task offloading and mi-
gration for wireless virtual reality using interactive A3C approach
[J]. TEEE Transactions on Vehicular Technology, 2024, 73(7) :
10850-10855.

[3] Shen H, Lin D F, Yang X W, et al. Vision-based multiobject
tracking through UAV swarm[ J]. IEEE Geoscience and Remote
Sensing Letters, 2023, 20 1-5.

(4] ke, R4, M. BETRIIDZIE TS HERR TR
[J]. BHEdEAR SR, 2022, 22(11) : 44344439,

Zhang Xiaolong, Wu Wei, Zhou Bin. Task unloading strategy
based on mobile edge computing[ J]. Science Technology and Engi-
neering, 2022, 22(11) ; 44344439,

[5] Ning Z L, Zhang K'Y, Wang X J, et al. Intelligent edge computing
in internet of vehicles: a joint computation offloading and caching
solution[ J ]. TEEE Transactions on Intelligent Transportation Sys-
tems, 2021, 22(4); 2212-2225.

(6] 3kI4t, falfrsm, HHE. LT HREMRALY: S TN B2 3l

MG ARGREFIALL)]). BT SFERSM, 2023, 45(5) .
1635-1643.
Zhang Guangchi, He Zinan, Cui Miao. Energy consumption optimi-
zation of unmannedaerial vehicle assisted mobile edge computing
systems based on deep reinforcement learning[ J |. Journal of Elec-
tronics & Information Technology, 2023, 45(5) ; 1635-1643.

[7] Ibrahim S, Chadi A, Dariush E, et al. Optimizing information
freshness for MEC-enabled cooperative autonomous driving [ J ].
IEEE Transactions on Intelligent Transportation Systems, 2022, 23
(8): 13127-13140.

(8] fE3CH:, 20T, BRaE. Jo AHUAH B 410K 130 G i iR 40 5 e O
B )7 % [ J/0L 7. (2024-10-29 ) [ 2024-11-05 ]. hitp://kns.

cnki. net/kems/ detail/10. 1491. TP. 20241028. 1739. 002. html.
Yue Wenjing, Li Ke, Chen Zhi. UAV-assisted vehicular network
edge computing offloading and resource allocation scheme[ J/OL].
(2024-1029) [ 2024-11-05 ]. http://kns. cnki. net/kcms/ detail/
10. 1491. TP. 20241028. 1739. 002. html.

[9] Han Z H, Zhou T, Xu T H, et al. Joint user association and de-
ployment optimization for delay-minimized UAV-aided MEC net-
works [ J]. IEEE Wireless Communications Letters, 2023, 12
(10): 1791-1795.

[10] WuZ W, Yang Z L., Yang C, et al. Joint deployment and trajec-
tory optimization in UAV-assisted vehicular edge computing net-
works[ J]. Communications and Networks, 2022, 24 (1) : 47-58.

[11] Fssts, U, sKIB%E. 1w P B9 AL B MEC M4

PEREDLAE[ ). 2024, 46(6) : 166-173.
Xue Jianbin, Wu Qingging, Zhang Haijun. User-oriented UAV-
aided MEC network performance optimization[J]. Journal of the
National University of Defense Science and Technology, 2024, 46
(6): 166-173.

[12] Bwad, SRR, Wmeth, 2. SraimB b gt miEs

HIR SRR S R (1], BhAEoR 5 T, 2023,
23(9): 3812-3819.
Zhao Chanchan, Guo Xiaomin, Hai Xiaowei, et al. Joint optimi-
zation strategy of task offloading and resource allocation for cache-
assisted mobile edge computing[ J]. Science Technology and Engi-
neering, 2023, 23(9) : 3812-3819.

[13] Hu H, Chen Z, Zhou F H, et al. Joint resource and trajectory op-
timization for heterogeneous-UAVs enabled aerial-ground coopera-
tive computing networks [ J ]. TEEE Transactions on Vehicular
Technology, 2023, 72(7) . 8812-8826.

[14] Zheng G Y, Xu C, Wen M W, et al. Service caching based aerial
cooperative computing and resource allocation in multi-UAV ena-
bled MEC systems[ J]. IEEE Transactions on Vehicular Technolo-
gy, 2022, 71(10) : 10934-10947.

[15] Qu L, Wang J M, Chadi A. Resource scheduling and delay opti-
mization of loT devices in UAV-assisted multi-access edge compu-
ting[ J]. IEEE Internet of Things Journal, 2025, 12 (11):
16998-17011.

[16] Qin X T, Song Z Y, Hou T W, et al. Joint optimization of re-
source allocation, phase shift, and UAV trajectory for energy-effi-
cient RIS-assisted UAV-enabled MEC systems[ J]. IEEE Transac-
tions on Green Communications and Networking, 2023, 7 (4) .

1778-1792.

¥ Mk . www. stae. com. cn



