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Abstract
With the rapid expansion of Low Earth Orbit (LEO) satellite networks, the growing computational
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demands of users are driving the migration of computation tasks from terrestrial cloud centers to
the LEO satellite edge. However, during the task offloading process, how to allocate computing re-
sources efficiently, optimize power consumption, and achieve collaborative operation within the
satellite constellation has become a key challenge in improving computing performance and energy
efficiency. Existing studies generally assume that each satellite can access the status information of
the entire constellation, but they overlook the delays and resource wastage that arise from obtain-
ing global information in large-scale satellite networks. To address these issues, this paper pro-
poses an inter-satellite collaborative computing offloading process and, combined with the Deep
Double Q-Learning (DDQN) algorithm, designs a collaborative computing offloading strategy. By au-
tonomously sensing the status of surrounding satellites and scheduling tasks on each satellite, the
satellite can decide whether to offload tasks or transfer them to other satellites for further sched-
uling, thus achieving collaborative computing. Experimental results show that the proposed strat-
egy significantly outperforms traditional offloading algorithms in terms of task energy consump-
tion and completion rate, demonstrating a significant performance improvement.
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Figure 1. Satellite network system model
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Figure 2. Inter-Satellite cooperative computation offloading process
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Figure 3. The structure of DDQN-ISCCO
B 3. &T DDQN B A E [l EHH H AN

il 3 fizs, DDQN-ISCCO Hik A T A il B%E, ARG N SE. SBO, ¢
ST Rl SR USCER J B PR R BT HIRUESE B DIRQ), KIRES(E B s, 322845 Online 4% i
7 HEmE it . Online M43t Q M EKEQ (s, a, ) VAL RN BIE K mIHR, FF ik IRENME o, + HIRS),
HAE Online 2% R (1) Q fH, EHEUHDIRES s, FIISRAENE a, : PIR@, 10 H 211 S5 258 o FE v sk 5
PLREE: PIRO), EAESEERIETHEX SRS 2, IF A AR BN B & it .

HWR, BAEHARELU ISR SBRO, TEGLE -ERBNMES)E, SMERER I —2
HEKIO 3 S04 {5, @, 1,8, )« B Target 4515 H AR Q B Quger (Sirr @) » JFARYE Bellman 77 7% Bk
SRR

Qtarget (St 1 at) = n + 7/ maXaHI Qtarget (St+17 a1+l) (15)

Horb, y T T, TP AT S KRR . @i A /ML Online MIZS TN Q 11 Q(s,.a,) 5 H
B Q 18 Quuger (51,8 ) Z A7 1% 22 (MSE), T8 Online W% 1S4 1K R AUE SUN:

|-Online = E[(Qtarget (St’at)_Q(st’a())2:| (16)

Target M4 52 1M Online M4 A6 2%, LiEag il Zrid FE. DDQN Sk i X /4 24 H1L il 45 Rk

DOI: 10.12677/mo0s.2025.144291 345 5 1 A


https://doi.org/10.12677/mos.2025.144291

O, MR

T QR FAERhE T IR BRSBTS A TR AL
5. MRS&RH
5.1 MAMRESSHRE

TEAFT, NIRRT H ) DDQN-ISCCO SHykfEil G it S FAMELE R itERE, BATRA Python 4%
4 STK H1 Omnet++xf TR M2 51HEAT S AT G . LIl s s TR DB B g, k2 HEh 24
ANEL R, BAPIETE 12 BILE, BEESHS% Starlink 7%)2 2 (IECE . HUEHE S EdE K S 18
1 Mb 2| 3 Mb 28], sl ErF i &R % CPB £ 100 #| 500 cycle/bit 2 [7], AT fE
Cycle /& 3 Ghz., HAhfi ESHENE 1.

Table 1. Simulation parameters

*= 1 hESH
EAS H
SN/SP/F 12/24/1
h 570 KM
inc 53°
K 2
EIRP 20 dBW
GIT 20dB/K
f 12 GHz
bandw 40 MHz
Ic 0.6
(04 0.3
e 0.95
o 0.99

52. HEGR

NIAEASCHE HE (1) DDQN-ISCCO FIALER A FI AT S50 o FRATT R SVl TS ERe . Lk, K prde i)
T5 155 HAEN BT VR P AT L 7E TR 2% FR X DDQN-ISCCO 5.3 5 PR =it b Sk HEAT L

DQN %3%: Deep Q-Network (DQN) & — ik TE ek £ 54k 2% 2] 502, edid IR FE A I 2481 1oL Q
ELRREL,  INITTTE S 4IRS 23 ) Hp 2% =) B AR SRS

Random %y%: Random ik & —FhBENIAT Bk 33550, 7EMHAT 25 B P SRy SR BE AL g, FA
EMINER — 2.

Greedy 1% Greedy Hi% @& — P ox 2EE B HIE, 18 M8 H A 25 S0 A8 R SR ) SR FH 3 A R 7 gl ) 28k S s
TRAFAT 55 FIAE AL IR /)~ o

5.2.1. WISiERE
W 4 fros, AT EE TASER R KN 3] 2%, DDQN-ISCCO HE7E 2 4i4) E IR )% 51 1000 5

DOI: 10.12677/mo0s.2025.144291 346 5 1 A


https://doi.org/10.12677/mos.2025.144291

O, Mkt

IS FEAR IS, I RN S Bk RAAMOYE RS, ROfi 2 S BOLMAS GRS, 2
PR BRI B P bR/ 128 22 21 309 1074 U i, SR HURIESIA KR, IF BAE N ZRd #E
Sof TR RE SR, 5 SR S0 1 R b S 50t 47 . 18] 5 s I i 72 Hh 6 7 24 22 il 22 4, DDQN-ISCCO
RS, A5 R AR e (£ £)-2.80, & #ELT Greedy Al Random %y%. #LL22F, DQN
ORI TERERS I T DDQN-ISCCO, A P¥2lfEfa e fE4-2.93. SLIng K, DDQN-ISCCO HikfE
P AERNA DA W It m sk, IR RILH BRI I fE -

107" —o— HRAUN = 128, I = 1e-5

—¥— HRAN = 128, =K = 1e-4

—W— HORAN = 128, =K = 1e-3

1072 —— ORKIN = 256, = = 1e-4

o > RN = 512, 2T = le-4
1073
104

0 300 600 900 1200 1500 1800 2100 2400 2700 3000
{PERSE)(S)

Figure 4. Loss of the DDQN-ISCCO algorithm
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