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Abstract: In power grid inspection, the transmission line inspection robot (TLIR) undertakes full-coverage inspection
tasks; its long-distance operation and high-frequency data acquisition impose stringent requirements on the real-time perfor-
mance and energy efficiency of task processing. Mobile edge computing (MEC) deploys computing and offloading capabili-
ties at the network edge and can effectively support the real-time data processing of transmission line inspection. Traditional
inspection strategies treat path planning and task offloading as two independent processes optimized in separate stages, over-
looking the dynamic associations and temporal couplings among variables and making it difficult to achieve a global opti-
mum in system performance. To address the inconsistent decision timing in MEC-assisted dense transmission line inspec-
tion and the difficulty of balancing low-latency task demands with system energy saving, this paper proposes a granularity-
nested multi-objective offloading strategy for transmission line inspection, which achieves joint optimization of path plan-

ning, task offloading, and resource allocation by constructing a granularity-nested structure in which multiple single win-
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dows are embedded within a composite window. In this granularity-nested structure, the composite window primarily con-
trols TLIR path planning, while the single windows dynamically decide task offloading and resource allocation according to
variations in communication conditions and available resources, thereby coping with the different control periods among
multiple optimization tasks and ensuring the minimization of system delay and energy consumption. To realize full-cover-
age inspection by the TLIR, an Eulerian-graph-based strategy is introduced which, by analyzing the topological characteris-
tics of the inspection scenario, constructs the shortest Eulerian circuit covering all transmission lines, and Lyapunov optimi-
zation is employed to gradually transform the long-term stochastic optimization of task backlog and energy management in-
to a deterministic problem at the time-slot level. In view of the complex coupling among optimization variables and the in-
consistency of decision timing, this paper further proposes a nested-granularity-aware multi-objective adaptive offloading al-
gorithm (NGA-MOAO), which decomposes the original NP-hard problem into two subproblems and designs a cross-win-
dow joint optimization strategy based on single-window incentive feedback, in which the single windows generate incentive
signals by dynamically adjusting task offloading and resource allocation, and a penalty term encoding the hard full-coverage
constraint is superimposed on these signals to guide path planning in the composite window, ultimately achieving collabora-
tive optimization among multiple variables. Simulation results show that, under different numbers of towers, weight-coeffi-
cient proportions, and task surges, the delay and energy consumption of NGA-MOAO are both superior to those of the com-
parison schemes and exhibit smaller fluctuations. Under the premise of full-coverage inspection, compared with the base-
lines, the NGA-MOAO algorithm reduces inspection cost, energy consumption, and delay by at least 11.75%, 15.11% and
8.32%, respectively, and increases resource utilization by at least 9.47%, making it applicable to full-coverage inspection in
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complex transmission line environments.
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od; (t,) FRARAESR ¢, /1> B — T 1 P TLIR I BS Z ] (4%
I35 5B R L 5 0 Fem BN (R T 3R
B9 25 5 0 3R R B 5 a2 )= (x,6)-x) +
(3, 6)-9,) + (2.0)-2) FRAEG ¢ A8 11
TLIR H1 55 j 4 BS B9 = 4E B 85 5 (x, (0,0, (). 2.(t)) A
TLIR (1 = 4E A5 5 (x0;.2,) F BS B9 = 4E AR $R . TLIR 78
55 AN B — T 1 1) BS A% i KN T FE 09 A% e I A
Ttran (t,)ﬁ%ﬁlﬂ:
Mgy ) DLln (ti)
T (1,)= ,,-:ME,(,,)”-" D20 (15)
UEAM, TLIR 7655 ¢ N5 — 7 1 N 565 4> BS A& 4k
PEIIBERE E,, (¢)ITRIT .
Eion (ti):thran (ti) (16)
ZE L5 e AT TN A R E R AR AN
T (6)=max { Tyoo (), T 1)+ Tas (1)) (17)
St A AR RERER R AR
Etota] (ti):Eloc(ti)+Etran(ti)+EBS(ti) (18>
TLIR 7€ % A~ J& 1] 1, 9 119 A8 #E 22 B F o 3 25
E s TR AN T 2030

g

D E e (t)+ E gy () + E oo (1)) <Ep (19)

2.5 [EEER

15283 TLIR 3K R4 1M L 954 2T
FERIIN E XU FBRA R PRI 4 fE TLIR 0048
Yesfe AMTIEEAT 55 L 1] AHD TR AT 55 1
{9 BS HHEHR I % A5 A T 0 L TR A
A — % R S AL 25 TLIR 4655 14~
4 07 TR BRI A8 BT 45 200 P, ML F— A
BT R B0 FE I 15 A P, PRI 200 B B

{A’ l]’F’P}’ ;H\:I:P A= {aml(t‘)(ti )’ amz(t,)(ti )’ '."am‘m’)(tl)(ti)}’

U= {Proc )P )} F= { froo (0 S3s )} A B—FT [T
PRy ML ERL A RERERY 2 BRI EEAT LA 2R 1T T -
P2: argmin {7, (t;). By ()}

(A U.F}
C5:a,(t,)€{0. 1}, e M(1;)

My ()

P 17 M(tl);t@
Co: a; ()= {

j:mzlzt,) / 07 M(tt):®
C7!0<ploc(ti)+pun(ti)<1
C8:0<p1(,c(t,~)<0§gzx(f;)
C9:0<p,, t)<pa(t,)
e a) s pz (20)
S.1.

mwuvu(t,)
CLLAM™ )<< D) a ) f™
Jj=m ()
Dun (tz) 2
EBS (ti)

In

C13: z(Eluc (ti)+Etran (ti)+Emove (tz)) <E‘max
t=t,

Cl4: lim O(t;,)< 0O

Cl12:

é:min

max

Hrpr, C5 %R TLIR By HI R AL /7, COo FLE TEAE— 2 —
% 1N TLIR £ 2 HAEHEIZ Z—4> BS, C7 /21T H L] &
AR EPX AR R p () Rl p, (2,), TCIETEARHBIA 2 BS ¥t
AT EAL S Bl H TR i S R BUL S BdE e
— 0 RN BRSE I & A i . Al Sk A Il 2 A AR
SCHEFORE T S TR R ) BB A AR )

My )

B E I @)= > @ )An £ [0 Xor,+ 1) ) Fi

J=m ()

P ()= M5O, HETT A3 E 255 C8 A1 C9. C10 Fil
C11 535 F AR M T B3 A BS TR I 29 3, C12
FORBBIR R A, C13 /R TLIR B9 K A REFE IR 2y
W, C14 TS ZAT IR

T 3SR A P2, AR SCRT LAAS B B B — 7 11 N I SE
FIREREAYIBE A LA LA B R RS { A2, ). U ). F (1),
A T pRE A FRIR

h(t,)=f (A@), U@). F(t,))
:’7(/11(/’1Ttotal (ti)+/12(p2Elota] (ti))

o b)) TR B —1 1 N F B D B BIVES E
BEFEMI M IR, J&— AT AT 1 5 4, Rl A, Ron il
WERE G o, Mo, TR — AL T 50 FRoRILRZEL. 3K
P9 —1 O NS e U AR 5, % h(e,) R4 T 20, AT 14
BB 2k B 23t NEA C(P,L P ):

(21)
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T,

PP, )= S h(k)
k=0

R T, , F5 TLIR AT 525 P, 55 P, AFHEZ
45 6 20— B 1R G JeL 09 7 3
00128, H AR MU R G 23 e 2 A

FELIRUME S, C(Py. Py, ), B (AL AT F LA

A

(22)

ry
P3: argmin zC(P,’,,Pt;H)

Py t/=t;

CI5:P, eV, (23)

st ClI6: EpY > 1
C17: lim E"=0

t/> 1ty

Horr, C15 &R P, FIP ATAERIREIL, VR HIRE 4R
A, C16 %R P, AP, (8] AL )2k 2/ RER DT IR — UK,
C17 R e B i 58 B T A 934

3 NGA-MOAO Eixi%it
3.1 EF Lyapunov {4t By in B EE1L

[) 5 P2 HAT KA BEAE 1 BREY PR C13 AT 55 2%
BAFNFa S LY C14, MR TLIR A BERELL £ , 5 BAFI
2 S FETLIR MR ARBEE AL, H Z A7
GIF R AL . NKILEE TR 2R E B g
T, TLIR X A REAFEFIBA B 7 48 i AT A 2L n A5 3 . Ly-
apunov PLAk 1 — > S Hi TR AR AE i 4T 55 Ab B AR AN
Y 2 (B UG B A A5 . i Lyapunov {4k, A
SCREMSFE HA PR I 22 B BRBEALIL AL 7] 2 e
R BT 11 PN R M TR R A TR A . DRy e AR SRR X
LY CI3 MR — ANy R REAE R B HUBA S ¢ (7, ):

q(ti):max%q(ti—l Y+ E et )+ E i (2,21)
(24)

E
+E_(t,_,)- —mx 0
move \"i—1 ¢

171

H Byt 78 M AN B B 01 TR 0 R B
ooty )+ By (6 )+ B (1) = Epy i FRTER 1,
A B 11 P TLIR 315 RE O R 15734 T A f 2 T
(2% . TAIRE, TLIR (0155 A7 B QG ) WO 2558 (5)
T LA F ik

Q(ti):maX{Q(ti—l )=Die (t;1) =D, (t,-))
(25)
_% +c(t; )7c(til)}

I

HF, Q) FE7R WA BB 11 P9 1T JH 9 77825 i)
c(ti—l )_Dloc(ti—l )_Dun(ti—l )_ Qmax/tm %%’j? E% i /l\
A% H AT 55 22 A7 S 9 S PRt B3 it 5 1 38 m) AT
fifiZS B2 (B 2E . q(z,)F1 O, ) AT 3 X Lyapunov PREX
aF .

L(06) = 5[ €)+ 2 0)] (26)
Heb o= {q@). 0, #E—2 5 SUHIAE P A —

F 22 B 2216, BP Lyapunov {5245 :

Aloa)) = [L(o¢, ) -L(0e)) oe)] @D
Lyapunov 588 il {1 sk A AT DL Ry

A (06)) =A(00) + V[ Toul0@)]  (28)

A (06)) =A(0) + V)| Egal0)]  (29)

Horpr 5K (28) FRon bt 2k Hw, 20 (29) ForfgkE Hiw, v,
v, Fom AU A, T A R 5 0 (17) Al (18)
b o 2 ) B L . S e A (0,)) A
Ay (0,)), AT LS B 5/ MU SE R0 REAE F A, ]I
1155 AT NS RIRERE R IUBA S ARt . X (28) Fiati(29)
B BT

(A, (00)).8,(06))]

<B+ V[ Tul0t) ] V[ Elt)]]

+q<t,~>[Ek,c (1) By 1) E e (0= %‘:ﬂ%)} (30)
|

+Q(tf)[0(tf)—Dloc (1) =D, (1)~ Qt“:“lﬁ(t[)}
Hoh BRI TR v, 1, R R 5
KT 1 (8 505 0 2 I 0 06 22 Oy, ),
REIBAIIRE R O, ). Vo =max(V,, V, ) TR &
L 3 2 e R A P2 T L A A
LSk 4 P
P4: argmin {V, Ty () VoE o ()}

{4, U.F}
+(t) ( Erge 1)+ B () + E oo (1)) (31)
+0(t,) (c(t)) =Dy (t,)= Dy (1))
s.t. C5~C12
S, 45 BB 11 P9 B AR AGe,) 9
KN
h(t:)=1 (210 V\ T (t)+ 20V s E o ()
+03G(1) ( Epge (1) E gy (1) + By () (32)
+0,0(t,) (c(t,) = Dy (t)- D, )))
Hrr g ~p, BIH—1LHF.
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3.2 B—EHOZBRMALTE
5] P4 SR g T —% 0 R i 2 His 2 291 ik

L, 25 R H 2 B AR AR A SCR T SMNSGA-
L PEAT SR A . 78 TLIR A 26, SMNSGA-TLEE 5
— T F N B 55 EVEOR B IR 73 BC A AR 7 58 2 i A R R
AN, HOB AL S A0 B 2 DR S B AL S VLR
G AR N S B TIPUR VST & | A ik I i I Bud (3
AT AW LA S R R 4548 1A /M H B e
Byl . DA as R T8 5 8005 Sk, LI
DA —ARRNHE A FRR 2l 0, B ny S0 0 BRIk 1
Fs .

Bkl SMNSCA-ILE%

BN B REAR B RN BERLAR NS XA g A8 A g, — 30
LXBHn LR LTS H o, W BS A M@, BT 55 S 47
15 O ) I BRABFE R R i q(t,)

o SR H

L. W lA 4k SMNSGA-11 24

2. HE AR AL R p,

3. b, =EvaluateObjectives(p, WARIEZ(31)H5E p, AN pREUE

4. L, =EvaluateCV(p, Y15 p, FARNEL1H

5. H=FastNonDominatedSort(p, )/ IE L AL HE P43 =

6. C, = CrowdingDistance(H )//3& T FF I 2 (142 i HE 7

7. for k=1:R do

8. K, =Selection(p, )//HEHF:

9. K/=CrossoverMutation(K,, .. ., ¢, 1, W/3& X 1AL 5

10. b, = EvaluateObjectives(K})

11. L,=EvaluateCV(K})

12. R = p, UK Y IS RERT TR

13. H=FastNonDominatedSort(R )

14. C, = CrowdingDistance(H)

15. p,,, = CreateNextGeneration(H, C,, L, NY/%: FHE ¥ . #HHE &
ik 2 fE e — AR

16. end for

17. 3R A S FCR AL H

iR SMNSGA-TT 557 i FEAS HE 42 rpr | PRk o 57 E
HE PP AP B RE 2 o Uy AL B8 5 1 S B, A SRt
WATRHGA , Hof A B AT .

(DA RITIRACFEE . AR SO A A2 fr 400 01
A it (HVZR PSR ) A SO AR 1 (THER L A9 A F 3400 )
AR HIR A gL ik . T TLIR B @& shik, it
A B — 77 T ERAE 1k BS 78 35 , R I AE 400 1 Ak b e st
T XA RGO . S BS 55 0, Y o R (h 5 [
ZEF M (A, U, F). 46T BS 78 55 i, Y 00K 1 i IR 25 4y
T [ Proe () froo () ] SHEGERY S B FOR ], 23k
(C5)~(C11) X AR i Y PR R AT T AS B BR 1, 8 PR g —
YRR E T AT .

(2) 38 SURNAS S . AR 3Gl i e I EE g, Fil g, R
Ja il 4 €0 PR 1) 5 SORIAE S48 . S 38 O AR B, AR
SR A BAL S 22 O 3, B AR A U I G A i R A
H MR YR R —07 o8 1, HAY R 0. 78 454
8 3 B AL, B S, B A AR A — AN FE R L X
TR AR B | AR SOl AR g 5 (S 8, )
M XAR T (S H0y,) I T AR BE

() MBI ME T ASGE R (3D R ITAG A
Yo KA R B . T8 OIS S BB, T RE s i
— B AR IR A (C5)~(C11). ML AR SCE X T
— ARG L, FIRE kA G R Y R R AR
AU . L, 5N

Lk_‘,:ll +1,
=max (0, py,, (t,)+ P (1)~ 1)
+max (0, Tys (1)~ (A= T,y 2)))
+max (0,7, (¢,)-A), j=1,2,--,N

Forp L BT AER(CT) , Ron AR Hb T H3RURT BS 1153 LU il 2
AT 1 AAEST . A, U7 i 2t 28 URIAR 7 2
J& , A BEAFAEAT 55 B 2 MR ARSI R L, &
B2 T 8UE 55 B AE — 20— B 1D oA A 3 58 S ek &
Fi LR 0 4 H AT, R AT 55 S B Ak B [
VAT 55 S Ak BN ] (BS A g B — 1 1 s 4%
s ) e s

i i SMNSGA-IT 3 R A3 A~ B — 1 1T N — 2
AW H AR RS 28 0 % i 2 R REAE B A [l 755K
B FH S AL R B A AR (32) , AT A A B — 7
1N B B/ NSAS e, ), HETTT 3R A — B 128 B R
INBAR C(P,.. P, ). (HASTERE MR BRI 42, B
FE[—45 i P AR R — B Ae e 96 P, A C(P,. P, )
Al EASIA] .
3.3 BEOBSMHRALRE

7] P3 R — A5 A R A T O AR R AR — 1 O
1155 N 355 W2 IR 43 e 1 5 17 101 22 AR AR ) . SRR
FFAZ AN, A S —Fh NGA-MOAO B3 , il it ik T8
— T 10 52 1 B4 5 1 VIR DAL SR X AN TR 1 11
A A0 7 B R A g R RN A e A . PR — o O e i
SMNSGA-IT 3% S A& P Ak S 2k P o 3 L o Fnt 44
WAL, ATEAS AR B 12k b B4 55 A0 B AR |, I
A AL R O R B E AR A B A, LA S B AR
PEPEIT S ELES i AL . ST AR R Y s A s ) 2
BE A0 SR D3QN B Ak B A B e 5
XA 1 B A Double Q-learning 75 7 Fil Dueling Net-
work 2244 , BEUS A A5 58 DQN TE M (B 110 25 Fl
ARZSZ AL Ay B2,

H TLIR Wy — AR, W A0 BEAAR 1 Do ik

(33)



3522 i

%

o
==

il 2025 4F

T AR SCHE SR B R 5| A s b2 > R m . AR R i R i
D3QN B IEM 3 M OB R BIFREDRE 325 ]
R LANE .

(DIHERE AR LT E A D TR,
BB 51 0 ¢, AR SO LU R G| b B RGREE
SR

so={ P E™.00)).q(t)] (34)

Horpr, P, 3875 21 TLIR B AL FFBS 15 A RS M . % 1&
FI BB ME LL Ry i 22 0 2% $ A L A5 10 15 B, AR S
B P AT IR e i — > O F1 L[] k. EVS J2 Y
I B B 45 0 (R U R B B .t T EYS R 0 e &R
W2 RO EVS A S B B, XERAS S (R AT R
4. Q) q(t])) 53 M AE 55 e ff e Mg FE R R o

(2) BhVEZS ) A SO RN 25 % T 1 RS AR A )
PR e SO — SR, iR s R 2 (R — B0k, h1E
a, e SCH

1’af,',\/'2’ (35)

Hri,a,, (0.1}, Ya,, =10 FRAES (DR EEN

P RS v, AR EATICHS . BT RSO AR 3¢
31 P, =v,, ViAW BUB M h 09O % B8, =), —1,

az,'z[at,’,v .“’at,',v”]

NI BT IR OB . (AR TR AR, SRR
JEULF 25 z a,, = 1.

(3 )3 107 11 8 Iy bR B < AR S Ul R B T B 2
(8] RAUSA B SE, B r=—C(P,, P, ). 5 IEFI TLIR 7]
RE 23 1E A B[R] CRI Y 575 500 B AR &3 320 1 AT 15 1)
YRR 0) T B2 AT 45 KA AT 55 A SCHEVR T 751100,
B —n,ry. Jorft n, SRR RTINS E . HH 7 IR] OO B
T AR TC R AR AR, r, R BN IEST &R
B e TE Ll eR B, B R R R
r==C(P,,P, )—n.r, (36)
3R T NGA-MOAO (1) F % 5 ¥ . 7F NGA-
MOAO FETEHESR P W5 A 45 KA AR ] ) 4 28 D0 265 - DAl 1)
2 QI H AR 45 O, S A ) 1 43 i) & O F1 07 2255
AT D AL B 200 (s, a7, ) TS BEHLRAE
177 2 I R 256, mT DAF TR RN (B] g AR G .
TREF—E R R, S a, 0GR HRR A
{at,’m(w,= 1, ifb<e

a,=argmax, O(s,,a,;0), ifb>¢ (37)

Horp, b3R8 [0, 1) Z [ A BEALEL , & 27 45 I — 7 L 18
AR R A A X

leJ I?Jf @ watir O ety @ ol

f____ﬁ ____________ [ S !
| OO 8 > R} | OXAedy /@ :

i8*€§58 tl?ﬁﬁﬂgﬁgyfg s |
g T i |
' i I I O . I
| % . | A |
I R A R

a,, <— agmax, O, .q, 0) EJZ O(s,.a,;0) [ (r.s,,) ‘

Eiid

O(s;,,-a,,36")

» y=r+y0(s,,.a,:.0") <

[ (5;-9;1258,,) ]

N
(sy-a,755,,) |

M EFEA

plnes el

K3 NGA-MOAO MZ 45 &

lecay

€% &+ (Er— Ein ) (38)
FEH 6 T 6oy 2 TR & B 5 A 400 06 R A
BB S TARMIRD] . 2 D 8O T A B A
AL I, A RE A X 2 1 46 305 7 U1 45, 0 )
AT Osa,; 0) I BUR A s, FHIEEq, =

argmax,, O(s,, .a, ;0), 0" WA H IR N a, 190
. 2, 0™ W2 ST AL SRR L 1

L=(y-06s,a,:0)) (39)
Hrr y Al R H

y:r+yQ(s1,’H’azl’H;6_) (4())
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Horbr, y FoR AT 0 R B0 WA B R R R L B
O 28 248, 52 B H AR sR B S AL . [RIBs, SR 4K
BRI 2 I R O™ M 45 S8 0
0" =0l +(1-w)d (41)

H, o RoR T HEE, SIRESH O SIS TR .
NGA-MOAO Il it 78 L33 2. B — i 11 PN 119 B B
FREFEIE i SMNSGA-ILE AL 345 , AR 45 20 (32) et
A BN WA h(z,), IEAE— B 126 1 B 3 /)y
JA C(P,,v; ), BE TR LA SR i r=—C (P, v)). #7
TLIR [A 3 AFEEH [R] 1 3 BOK 56 14 3 55 18R A 55, 0
TE B B il r ARSI —n ey, AN G 2R A
TR PE . A, L AE DIQN HELL T 5 5 0 2% S K S
WSk, TLIR AT AR HE I R4 0 SR M 7E Ze A T B AR R4
AT 55 E AN GE IR 53

&i%k2 NGA-MOAOE %

BN BB IMLRFEAR K N i IR R K e

B R AR . S AR OR . T A
EUE S

L MR AR G A7 DT 45 0 B S8 0, L) K FL BRI 45 O™
MZH6 =0

2. for [=1:W do

3. MR IR s,

4. for t/=1g:t}y do

5. MR ¢ BEIBCH TR X B8 g, , = 1

6. i ik SMNSGA-LL R i Xof 7 4 4T 55 S0 A8 R ¢ 1 43T 5K

7. AR R32) TSR — 1 1N B S/ NBUAS A, )

8. M2 B 1R i Bt A C . v))

9. T IENAER N r=—C(P,,v;)

10. i BV S FFRS v AHAR T AL U5 IR CE 2 0 then

L1 AT 58 4 BiTHE R IR 25 3

12. else if B R} 4= 0 4iF% then

13, RS AT BB IMIE I =—C(P,,v,)—n,r,

14. end if

15. ’I?rflihﬁﬁ/‘]%—?@(s,’y,a,’,, S, VEAER D

16. if D IFEAS I then

17. D I BEHLRFE n, FHEAR (s, a,7s,, )

18. B (39) M (40)F H7 0= M4 S5 0

19. HRAE (4 DB 0™ ML 2410

20. end if

21. end for

22. end for

23. 1R [M {4, U,F, P}

4 BFWERSITiE
4.1 w=HUEZE
R EAE NGA-MOAO 51 78 TLIR 3G X 25 o i A

BOME , A SCH A T BE T MEC-TLIR f4 255 4 iy i 2k R RS
P EIAEE LA kA B B T bERE . 7Ei%
P B TLIR 80K [ 2863528 F— 1~ 600 m x 3 000 m
B X, H A 40 34 BS FIL 19 AMATBS . R vl R 7
TXBEFTHE (R A 45 4 42, BN 10 km. TLIR 22347 HL
N b I LME E B v, WYL 3, BT RO R A
AN JE 1 0 %) 23 b 200 A4S I ) K 3 g 14 s BT
HASHEETELEL

®1 HESH
RIEHREC, 0.005
KEHF % C, 0.7
TLIR 3 XTI Y4552 1H R A, 0.190 4 m?
BE MR g, 0.9
FRMR g, 0.1
iy e 20
ZWATEFSH0n, 18
T — HURR R P s CPU JA 1% s 7375
et RN Gl RECR W W 25~40 MB
TLIR ) CPU A ROIT K HL Ak 1x107™%
BS 1) CPU B RUT K HL % ky 1x102
TLIR [ & 3 2% p 2w
BV EPERYIE S E TN —60 dBm
T o ~110 dBm
TLIR 5Tt m, 4kg
i 98 B, 2% 10° Hz
BSAH 5 3 g 500 m
S EENINE R O, 64 GB
TLIR M AR E, 1123200
TLIR % Sl v, 5 m/s

TG NGA-MOAO S IEMERE , A SCB T 3 Fx L
J5 %8, ¥ LA SE M BERE YL ME AU S 5 — Ak H AR,
IFAE R RER F R FHASRIALER #7004, Bt R

X% 1 N T R AR 19 22 2 D IR A fL B0k
(Artificial Intelligence-enabled Multi-Dimension Collab-
orative Optimization algorithm, AI-MDCO ). A AR
— B N BEATAE 55 A AL PR A5 R A R B 5
TR I A E 1, SIS B 1 0 HARX 5% . ik e e v
2R K ) B AT S ISR T B E RO IR LR
K H Q-learning, 5% 43 FL 51 A it 15 5814 (Genetic Algo-
rithm, GA) #EA7 AL B, -3l 5 th 5 [ ac 5 i miie i
DR A o, Bt ST L R S B 2 1 B[Rl AE

X b 58 2 2 BURH ] RRE RS B RN (e LR A AL Bk
(Two-timescale Accuracy-aware Online Optimization algo-
rithm, TAOO). IZF 200 7 AR AR R B Ak 5 5 1 1
s, IR AR ity A PR — o AR g, ASR E AR
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EE 2025 4F

PEAC B WS il Bo i 2 R S 5 fE R — 0
AR T P it 7 VSR AT 55 SR B 3 TG, 7E R AR R
g A B HE AL, B BGE 2 m A il B
VE R Bt B AR 2 SR i B AR AR T8 — T
AR , 27 A ORI SR A, 1 2R B A A i 8

it B % 3 Y BEAR AL 55751 (Two-Stage Optimi-
zation algorithm,TSO). AR R I B A A R g, Sl
EE AR AN R s REAL & B T B Zs R
PRI B R L A i O A T A o) .y 3 T i P 2
WK 5 FEE G f 1R e ) B S R
(Breadth-First Search , BFS) A= i 55 [T A 28 6 19 160K i
Ao, I T IAG B AR A B — AT 11 e o R A A 1 R
Wk i (Deep Deterministic Policy Gradient, DDPG) & 1
PEARAT: 55 EI AR AN GEIR 3T
4.2 MRS

Kl 4 J&7R 7 M T TLIR 3846 1 2% (1 NGA-MOAO 5.
TRAEAN[R] 2 2] 8N A A USSP fE . 1E#F 2 =0.01
Fla=0.001 FE47 X5 LE , wT LAAE Wi S50 B R e 1 22 1)
R B T BV 5, B A2 2 R (W1 0.1) £ BB AL Y
AFEE R . K4 b — ] 5 R — YOl R 7, 9
A AR 7 A Ao o ) SRS 5 T i R R R R
A B VA, T3 R UGRR S5 R A R 2L 5l
53 Hh R AT SR A5 I 52 DXl 0 3R 7 R N 1) 8 Bl s 1
20, B R EE SO AR 2 . AT LOULES 2], Ui 8
A BRI K 3B B S — B B, AR B B R X
2 A TLIR A T P28 3R R M, B U AG 1Y B AR 7 7
AN E AR T AR iR 5 TR B, BUAS Ry
ZE BT, I TLIR AR Z 3B A 015 Ery 34 i A
TF IR T 22 MBI 0k 45 10 i B AR R ok . B B AR
T 5 R B 0 A 25 I 2 X6 A B E N AN T2 ST L &R
SRR LTI TR . S B B AR, B 1R
P02 5 5 B A B AT 55 VA R R P AR B T
Feor ISk, R G UARTT IR 8, SRRk O ik BIFR E
R MEET 2=0.001,=0.01 - 28 e SCE B
BATEAR, HLF 52 3078 SRS E . TLIR ARk i) A% rh i) R
PRI E A BEH [R) I 26 1k 380K, T 304 2 5 1 SR A A 85

3500

3000

s
E 2000
51500

1000

a=0.001
500 a=0.01 |7
0 . ! I
0 200 400 600 800

ERIREL/ IR
El4 NGA-MOAOFEAIF]2: 2] T py stk

A3 TR R A e Y 2 T 3 IR R T T o b R A PR
FEA NN H IS SO R AR A A .

5 7R T 45 7 RAEAN [FIAT S B T 38R i A s
IE I REAE 09 XF FL L £5 F8 br X Bl AT 35 50 3 g A
NGA-MOAO &3 £, 3 J2 R b B [l ) ) 28 A 500
T RSN BEFRE , [ BEROh S T | R B AR LR A AT 55
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