Software Engineering and Applications ¥/ T2 5/, 2025, 14(2), 332-345 Hans X
Published Online April 2025 in Hans. https://www.hanspub.org/journal/sea
https://doi.org/10.12677/sea.2025.142030

T3 5 4% B BE % ER DL AL AL

¥ F
ABT7 Tk K215 BB, dbst

Woks . 202543190 FHEM: 20254F4H15H; KA H: 20254F4H25H

R

ACEIHMEHIE LEMEHFHERPEEE ZMERV ST RALER FE, #ET MGG HRS
R ERERLEI NS BRATR. BHRETEMEOER: B, ETIPveRETFRINEIT
BB RPBRE A FMRELLS; &5, RBPEARBBAEE (H-CMS), HATRITHE. =i
BHPEL RV FHE; BRI, IR E RIS (TD3) %, T e R MLes fksk. £
WHERRY, SEAHEML, AFTREERR TNEFHENHEARE, FHREILEIBNE K
BN TRIFARE, FHEBERTI8%, HEAARERFETSNES, AMEIETLEMEHHER
IR FHRAE T A BERTT R

XK ia
RIPETEMLE, 2WFFTER, RS, REBF, BwLES

Satellite Network Intelligent Routing
Optimization Mechanism

Yu Zhang

School of Information, North China University of Technology, Beijing

Received: Mar. 19t", 2025; accepted: Apr. 15, 2025; published: Apr. 25%, 2025

Abstract

Aiming at the problem of mismatch between dynamic topology and multi-priority service require-
ments in low-orbit satellite networks, this paper proposes a dynamic routing optimization scheme
combining hierarchical service identification and deep reinforcement learning. The scheme con-
sists of three core modules: first, a zero-overhead service identification mechanism based on IPv6
native fields is used to distinguish services of different priorities; second, a hierarchical traffic-
aware model (H-CMS) is proposed to measure multi-class service traffic with low overhead and high
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precision; finally, a double-delay deep deterministic policy gradient (TD3) algorithm is used to gen-
erate optimal routing decisions in real time. Experimental results show that compared with tradi-
tional methods, this scheme significantly improves network throughput and bandwidth utilization,
especially in satellite switching and high-load conditions. The overall throughput is increased by
8%, and the bandwidth utilization is maintained at about 75%, providing an effective solution for
differentiated services in low-orbit satellite networks.
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Figure 1. System architecture diagram
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JCHLE B CBAEIE H bR 1P I 1 RMSCERY), A R AR iR T, SRR S5 AR e BT . X — B ERRF &
RFC 6437 KT IPv6 Jihn 25 HVEE SR, X5 RFC 4594 52 I 7% AU IR 5 ZE M R FF 2%

Version Traffic Class Flow Label

Payload Length Next Header Hop Limit

Source Address

Destination Address

Figure 2. IPv6 basic header format
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Table 1. DSCP priority classification and service mapping
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Figure 3. Structural design of H-CMS
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AT 73K, FIH Traffic Class {5 BAFAE S RBIR 2. Hy B KPS A XK 58 =2 N2 T
Flow Label HEATHAGAII T, FEALSEH XN B B T TR IT o XA BETH B 417 “ Traffic Class
+ Flow Label” {FAMARIN, REFT T iH5EAERIE.

H-CMS AR O — A “Herh BUERE CM [d][w], Horb d R s8R, w R REF i 7
BTSSR H o 54648 CMS AR HT I S A bR B[R], H-CMS SR T — A& 7108 1Pv6 Sk LA
RANESTEMEEGSE /8

h,(x)=((a;-x+b,)mod p)modm,.i e {1,2} (1

Hr, x J&H Traffic Class Hl Flow Label &3 284 TCFL, a Ml b, ZFSA BRI RE, p RKEH,
TR IRIE,  m, MR IRE | 2RI K.

TERG A BT 1, H-CMS SR QIR RIXUZ Beit: 25— 208 A R & by A Traffic Class fE AN, 56
TR BB b, WK TCFL (F Traffic Class A1 Flow Label Hf#2 1M BO)/E N . TCFL A= il #2 7T s
H:

TCFL = (TC < 20)| FL )

Hrf, TC /& 8 {7 Traffic Class 7B, FL #& 20 1 Flow Label 7B, “<<” RREBEAE, “|” Rngir
HRAE

K 4 B/r T H-CMS MR E S THRE. BH5k, PET AL E M 1IPve ik, L Traffic Class
Flow Label 7. #RJ5, KX Piissr 4l &4 i TCFL 8l . REhE 5Bl g a5 3T TC [
EZINE MRS g0, TR 5% TCFL 2 0 2 BT B, B S VRS BAE R R, %
PrETHECER N 1, AT id s & R A A .

Flow table entries

=1 TrafficClass ~ Traffic Class Flow Label Matching rule Action Counter
+
H Flow Label 0x2A 0x87654  srcIP=10.1.12/24  fwd:2, dst IP 2
’ TCFL
PV, ———> 0x2E 0x12345  srcIP=10.1.1.2/24  fwd:2, dst IP 4
0x14 0x54321  srcIP=10.1.1.5/24  fwd:2, dst IP 1
Result

Figure 4. Traffic statistics process of H-CMS
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PRI ES AT A E G N 2, AT 210 I 2R A B A A B b g, S B4 A A 4 R il 5% ot A
1 -DRL F 2585 i ReAR 535 B3R B £ 5% S ARS8 = AN FEARZER IR (State) B /E(Action)
53l (Reward). T EEH 7€ T SR W& A6 & (Deep Deterministic Policy Gradient, DDPG) & —F1 48 8 [{) DRL 5
1%, FEH Actor WZS AT Critic MZ& 2K #R1M, DDPG 71E Q {H sl A ZRA K e 1 ) fi o 54 X 2 o]
L, 7R SR FHOOUHE 1R % P 7 P SR A6 2 (Twin Delayed Deep Deterministic Policy Gradient, TD3)57%, 1%
SOETEOR B R AT ZE R I 5 N T = I sa ot

e, Wik TR Critic FIZEHLE], 8 PIAAMSLIY Critic ZE VPSR —Z01E, TR & BU/ME 8% 0
fH m fii s

O uger = r+7-min(Q61, (s’,a'),ng, (s’,a’)) (€))

Ferbr o) F1 6, WA Critic MZSIIZHL,  p RATHIE T, TP AR 2R A I 2
Hox, 1R 7RISR R, ik EME TR  Kn, BRI, SRIHIZGRREE N,
SRS B TH AT

Vo) = E|:VaQ€] (s,a)Vmu(s):' )
BJa, FEARH RIS SIS O iR A T HUK, 1R m SRR
a'=py (s')+e,e ~N(0,0) 5)
TD3 J5 & AR 2 [R] e i (state) i B RE RN I 6 PR 8 RO S B ALt 58 SO
St = {Brem > Ldelay ’ Clevel ’ th > F}abel } (6)

Hot, B, R IR, L,
IR S0, F,,, RrWe—HIFhRIR.
B 7% ) (action) 2 5L T &4 AP AT 4T RS Hh b8, EEF A

A, = (W, } ™
Hoob, w BRI | SRR BERM, W EFAEALS: 0<w, <l HXw =1.

B0 TR L 2 AR ZI 55 BORF i, ASCBETE 1 B BUE 2 H AR bR Hi(reward), £56 75 8T 50 A
FHER L ARt S 55 4] 2 25 4 = TR AR -

Ron HATEEH N SE,  C,,,, RonBER I ERE, O, Kontilk
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B_.
R=qca- Zallable_{_ﬁ. —}/C (8)

total

Her, B
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4.3.2. EF TD3 M REREHARK

FEBF SRS SIS RS, AN VRN A TD3 FS ke NI sk ik, B EE
G 4R AS B ABERTRAR N 5 FToR: 8 Je AR a0 4 A anRAS A & 438 I i B o 7 65 AT sk
J&, CTIREE R A S H I AR BRI e HARCIRAS, B, 220, FRRESIUIeH) 7
NS EH, SCHFE RG22 )5 e IR S ECREAS, B8 Critic VRIS SITER &, 4%
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Figure 5. TD3 routing decision process
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piy=— ) )
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2) ERERZR: VIHIRER c=1.0, MNGREEHEEHE =01 WAL T:
¢ = max (0.1,1.0—0.9>< é‘;'ﬁfj (10)
3) HAsMBEETER: HrM%ESE 0 % LLH r =0.005 1Z 0 FIDIELLN KB S50 -
0" «—10+(1-7)0' (11)

5. SERuiFE
5.1. KR

WETT AT, AT T e R TR A SR B, ELIB AR MO ISR B, B A
FOESILU AL Y. DEE S HINE 2 FUR . FEFS BT, FA1ET Mininet #2 T 50H IPv6

RIER A IR, AR TR GO — DT nd, MR STK A2 Bt sl A& B B OIRAS - (1] D-
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ol 25 270 o A5 280l 25 ()9 B S A (U B 0K /0N o R 36 T B R e 2 e () S5 ) AR A0 SEE B B FH 3 s e i, HLAk
SR WAL 3,

FESE SISy, FRAT 1] PyTorch HEZRSZHL T TD3 siAb 28 S50, K H % 1) SDN #5428
SDN F%iil 281 H 7 JFJE ONOS (Open Network Operating System)*F- &, 71 StUEE M LRSI R 4% ok
. [FIEF, BATH H-CMS SRS TR &, ATFSiHmER S RE8d5, N TD3 Fikag atikaim
REEE,

SIS ARG IINGRFIR = AN B TERIURILIT B, 038 B R4, B T Ry 58 A
SESH, FmEL S EA R NIZM B, TD3 HikiEid H-CMS B se it RAEBEBOIRSE S, Bl
RV AR AE R ZERRFE . RGTENG 10 FDFEHT— UM SR, [ B 0 ) SRV P 2 ol A A USC S5 VoL
DAVEAl BRI e o DUARPR B, FRATIIE N 98 R B2 (1) ok v A0 e SR AN 1) LE A9 4 e 21 40%),  LABSHIE S
A% HH SRS (P& R . SEEKS H-CMS 5 CMS. 5T REST API (1) SDN 45 il 2% 75 £ 4% i & Az 47 B 1]
Wi TR T T, K TD3 5%k 51440 OSPF 5% Round-robin J5 8 A1 HSR-CC J5 RAEF M5 I ZEAN
SRS 55 7 AT LU

Table 2. Satellite constellation parameters

F=2 DEEESH

ZH {1
PEERE Tridium 2 Ji
HudmE 780 km
PEHE 66 1
FEE TR 11 5
S (R BEE  TE 100Mbps
B AR %) 10-40 ms
Table 3. Simulation traffic parameters
=3 HERESH
N et ad LEEIWNGN e 5e 4k Qos R
mARERTT 10% 1~5KB ®a B[ %E <20 ms
A2 30% 500~800 KB = B > 50 Mb/s
AR 40% 1~10 MB H i o DR B
ER=NE= 20% 10~100 MB 1% AT A

5.2. H-CMS LR o

D PEAl A SR HE 1) H-CMS 7RI &I & 7 TH IR, AT T H-CMS. 1448 CMS J¢ 2T SDN %
| 3% REST API =Fh il & /775,

K 6 BALEZR T &7 IEAE N 48 U AR AL (O BE A B B St . IR TT L, BEE L8 M 2
REST API ik fIvERE BB B, S IARRRIRIE 21%. 1480 CMS HiEFEARFEEE 34 Mb L. X2 K
9 CMS K [ 8 KNG A BT IR R Geit, RS2 M MBS /N . SR, 548 CMS J7 ik EAR
fasE, (HETHRE—GHEMBT, TR AR RS BB TRA G, SRR LS
AEHNLBCE N T . 5 _ER RN EEAREL, H-CMS JE7R T 5L PERER I, 2458 Bl LB N 50 1
£ 300 i, FHACFREEEAE . X155 T H-CMS XA WA GBS, AR08l THRaEmR,
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P 1 RAEEE . R, H-CMS £X 1Pve SkFRFE AR AL ¥ 22 TG A bR Hodt — P i [ i 5%, ff
HAE A BN BCE IS IS O R FF R S AR tERE . A, U LR A 3 300 I, H-CMS HIfE %
#45 & L Controller REST API J5 ik £ 49.6%, L4 CMS Jiik st 4 14.7%. RUTERFEZ IR T
BT b, %07 A B ST

50
vZ7 Controller REST API
=
45 - H-CMS
o
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Figure 6. Performance comparison of three methods in data transmission
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Figure 7. Running time of three methods under different numbers of flows
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P 7 o bl T =P i e AR A AR AN [R) S B I AT 2R« WMERE 2R, S5 REST APL /1)
P98 77 VE BRI G AN S BRI, ACER S TRV 31 ms, {HIEALHE 35 J5 AU FER EIHE Z 110
ms i 4. IXFPEUH BT E AW R S — R U RO R AN R T T G A, TR
NS EE W E @G ALK, —RIFERR IS RSN NAE TR, dE— DA e 5
WE . fE5 CMS SILTEVEREIN 2R F I B URRAE: MU 5 T3 %E 20 Jii), AbFEES (A 19 ms R
AT S8 ms; M5 LRI B AR SIG AT, PATH (AR T-FA2, 4ERFTE 60 ms BHiT . 14 SC 2 i H-CMS
DS R A K N . S AR R A E, H-CMS 7E KR R 5 R A4 CMS i
33.3%MIBATITA], bk REST API /73754 ik 63.6%.
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% 4 JBOR T AR EREITER L . 5155 CMS MEL, A H-CMS i85 XUZ W8 75 45 H A% T
15% IR A R, [N SCRE 2R e 0% 703K, 55T REST API 7 EAHLE, H-CMS Ab3EAH [R] AR
TR, WS 4R 63.6%, REAE A VRS2 IR G TR AT . LT NetFlow, H-CMS PAF 5 FH P
80%, TS HKE FEANBEAG 5%, SEIL T 08 IR0 5 I 5ok 1 e (P4 o

Table 4. Comparison of traffic sensing methods
4. MEBRRFTF AL

Jrik: WAE TR RS EAE S a EEPESER
NetFlow = H = o T (FIEHFER)
45 CMS {(iS & (AT 7 Wy (RFEZL%)
REST API % = = G (R PEZE)
H-CMS i {55 i A & (REER

5.3. TD3 75 RAVMEREST 4T

PATRASCIR MK TD3 77 &5 = Fh BRI B mALHEAT 7 Al rE et 58— Mo T
Dijkstra Sk 1HE S/ NBEEE A2 K] OSPF PRI EAF MR SEERS S AR, fEE A ST 44 41 B0 AR i
WS Ry B e, BASCOURI R PRIt sy, BRSSO TR IRt , Hf ik
SOFHLE S BUS TR, HX R MR AR AR IE AN AL o 55 o #4285 7 51 3k 35 T Y %42 /49 round-
robin 5%, 1ZJA AW S BCiE, SKIL AP T, EmR 4R EARIMZCIREE R, A
B Z 0 90 2% SEIRPIRAS RN BE 77, MELLE S AR e gl 5 St Z AR 55 o 28 = MR A ATARTE Q M 4%
A EINZEE D) HSR-CC ik, Z BRI B2 2T SN R RS R, REREAR IR D se s il
RIS, A E R LN NS TE, HIL SR B R TRk, A Q %
SRR T FEME S A I, MR SRARE . LR, AR TD3 J7 S8 XL Critic /25 454
ARMER T Q R, RN 570 B SR IR 2 2 R RALEI I P AL, BERSETXT AR e 2%
V55 AR B2 S A B EH SR, SIS B TR A a2 SN 5.

40
35 1 —elr-==1]
L 301 g e
2254 o oo-g--c
=
o 204
<
2 15 +
o —O— OSPF
E 10 =}~ round_robin
= 5] —A~ HSR_CC
-+ TD3
0

60 80 100 120 140 160
time(s)

o
N
o
N
o

Figure 8. Comparison of throughput
8. HILEALLER

B8 B T DU ol SRAAE B TR NS A i EE AL A e X Le . AEE RE IR, TD3 77 &&AE
BN S A R I B R RE, AR TRE T AHIAE 23Mb/s RREERG 5 R I LE AN ) 36 Mb/s. JUNR H
e, 1E LEVIHKENZI(60 A Ab), IAMSE LI RIERE B, TD3 fRfF 1 A€ HILHmae /1,

DOI: 10.12677/sea.2025.142030 342 B TR R


https://doi.org/10.12677/sea.2025.142030

KT

JUPARZ AL . #45 OSPE 76 LR U 4DUR 9G53, 760 RLIERE % 10 Mbls. Round-robin
o2, MRS LR R AE ). HSR-CC SEMAR I — s s b, (IR AT 5 RAE £ B
i

-+ TD3

cost

training step number(*1000)

Figure 9. Convergence process of different methods

9. NEFERMSIT 2

K 9 J@7x T TD3. HSR-CC 1 OSPF =F 77k Sl #ext b, 4R %7, TD3 77 Z s il
SAPERE, LT 4000 YNZREIIAF] 0.35 MK RAE FFORFFFRE o XL FA ok B WL Critic W25 25 44411
il O Ml LA g [l L s e 37 54 5] . HSR-CC BB AR B INSL, (HF 6000 54 1A Ffa
ERAS, B RRAME 0.38 %5 T TD3. 1l OSPF 1F ik G5y BRI HER X Rl siod 72, (H2 K
HER T EERRNGSECRMTERRI, TG BRI 10,000 255, HLAEAEFER TR 0.5
FAi

100

[
o
1

[e2]
o
1

S
o

—O— OSPF

| = round_robin
—/— HSR_CC
-+ TD3

N
o

Bandwidth utilization (%)

o

1 2 3 4 5 6 7 8
Load intensity
Figure 10. Comparison of bandwidth utilization under different load in-

tensities

E 10. NEIGHEE THEFARLR

P10 Jr 1 DUt e B30 2E AN R S 8 P52 (7 A 3O L o i B 8] P 32 X 2% 2k B P A1 ) B 22
fabm, SR T SRR O S B W T AR, SR R B B I RCR A ZERE S . i LR,
B X 2% BRI SE T o R, SRR DA S5 R R, RGBT (EEREE 1-2) K, IR REAR)
T GEA IR 95%, RORMIL. BEE BRI, TD3 SRR MR IER = i s A 2, BIAE

DOI: 10.12677/sea.2025.142030 343 B TR R


https://doi.org/10.12677/sea.2025.142030

KT

TEFEEREIS R 6 M AERFAE 90% /47, B HREE 8 WA fr¥F 75% L ERR FH Z. J5 A2 TD3 it
SR M I B A R T I AE RO FERE S, R A SRR HMARIR, REBE AN [F R B L S5 ik B OE S
fEimis st . M2 T, OSPF BIERIMRZE, (EMEGRENZ 8 i, w5 A FH R SR N EZEY) 25%, X
FEJE [y OSPF ARHE 5 — PR 421 5 5 B LB i 3 M JLMh 85 % N & . Round-robin BRI T 2 1%
FEWE, AH B TR Z 0 RS R, AT 55 R 268 a8k R AT PR 40% /54 . HSR-CC R IR T2k
b, HRLEMEGRE 8 B IIE R 60%, RURA K TD3.

gZil, TWRENSHINAE NEREREM, EREINGSRE T PRSPk E fE &t~
(1) vE R A2, TD3 ¥ R T4t OSPF. i H 1 4347 ) round-robin AL T35 4k %% 3] ) HSR-CC &
P JuHE, TD3 & PRV iR IAR  DLRAE i S T BEUR A 300 m, RIS S Tk
5 AR S IR BB PR SEALHI,  mT LUK TR W2 T ) 2l 45 2 S Ak AR S At T ml SEfi vy &

W7 5, T DQN &k, ASCRAN TD3 BikREWw A HE LS ES N, XA EES T
B A AR E R . ETREMGIE Y, BERES RILESARE, W s A
14, DQN [ BSHEENVE BTt ME LURS AR S X A 2238 4k, B RSR 2[R . 10 TD3 kil iE 223
VR [ A] LASI I SR 40 V2% eR RO VR 82, A% e SR P8 B 98 . 5 DDPG AL, TD3 J#id % Critic
W 26 BEAE A R T Q B 1) 7 T2 481X IR 75 25 [R) 52 4 HLWR FE A5 K 3R 355, DDPG 45 5 [A]
Hi— Critic /2% S B0HE BR 0w Al = A A R I G BRI A SRS . TD3 9251 N ISR M (B VA AL
i, 8 RS Critic 948 4 H B IMBEAVE NI TR 45 R, A ZAmH) 7RG THm 2, $em 17 Ilg e
PE. b4, TD3 MAEIR SFEHE SEHTAN H bR SRS I AL, 8 AR TR W 2% = ) A A v B B 0 (e 75
B MIFT A3C 592, TD3 HARRI I BARIISICE R, (HSCIMLHIG & 25 . A3C K2 &
HAT IR Sk, X FE TR B A PR R PR se IR M s 1T TD3 Sk A4 FrD I 28 285 1) R I 2L
HII7E HL LR AR TP RE SEIL P S, A, TD3 ) H A 9N 4 B E AL A5 HL A 27 ) b F e R B o
P e I SRRE VAL, 84 T A3C AT RE H IR SRBE 4R 0 R . 72 T MZ8 1) s 11 8da 5t T, TD3 BEJRILH
RSB B RE /), X EEIRD T HET IS EMN 2 B bR Ak, se A A EDL %1
DSCP 0562 1 38 N Bl L, 1 v vk 5 B % e 0 4 M A SR 5522 AL 75 5K

Table 5. Comparison of deep reinforcement learning algorithms

5. REBUESIRIALR

Jiik YA ] o] 4 &5 1) etk WAL SR TR YRS M
DQN fE: HQ Mm% Bz &g fiX
A3C BB e RN RAF P Gl
DDPG #Y: B Actor-Critic — % Bk i
TD3 Y M Critic Bk R i
6. L51E

KR T A0 P RSAR IR GIRE A2 ST TR W 4R 4 Ak 7 % . %05 RIGWHRIF 1Pv6 Sk
f) Traffic Class #1 Flow Label 7B SEILZ A 55 An 1K, FHd I G 702 H-CMS S5 Rk i il & 22 25 4
A5 DU SRR TD3 53k, ZhaSA4 il B 26 A8 40 25 h oRens . SCIRIRE T %7 R R E
3. TD3 {XFE 4000 LI RIERERA; WA EIRTE 8% 0t TE VI fRIFfaE; MmN
WM ZRYERRAE 75%0A by T H-CMS {8l 2R 2 FEAIK 15%. X — 77 A Ri o 7 BRI - 45
A A 25 75 3R 22 55 S BRI BT U5 R F AN i

DOI: 10.12677/sea.2025.142030 344 B TR R


https://doi.org/10.12677/sea.2025.142030

KT

SE

(1]

(2]

(3]

(9]

[10]

Liu, P., Liang, J., Qian, X. and Xu, Y. (2021) Research on Link Load-Balancing between Marine LEO Satellite Constel-
lations Based on SDN. 2021 2nd International Conference on Electronics, Communications and Information Technology
(CECIT), Sanya, 27-29 December 2021, 977-982. https://doi.org/10.1109/cecit53797.2021.00175

Jin, L., Wang, L., Jin, X., Zhu, J., Duan, K. and Li, Z. (2022) Research on the Application of LEO Satellite in IoT. 2022
IEEE 2nd International Conference on Electronic Technology, Communication and Information (ICETCI), Changchun,
27-29 May 2022, 739-741. https://doi.org/10.1109/icetci55101.2022.9832117

Aulia, M.A., Sukmandhani, A.A. and Ohliati, J. (2022) RIP and OSPF Routing Protocol Analysis on Defined Network
Software. 2022 International Electronics Symposium (IES), Surabaya, 9-11 August 2022, 393-397.
https://doi.org/10.1109/ies55876.2022.9888355

Gao, K., Xu, C., Qin, J., Yang, S., Zhong, L. and Muntean, G. (2019) QoS-Driven Path Selection for MPTCP: A Scalable
SDN-Assisted Approach. 2019 I[EEE Wireless Communications and Networking Conference (WCNC), Marrakesh, 15-
19 April 2019, 1-6. https://doi.org/10.1109/wenc.2019.8885585

Liu, D., Zhang, J., Cui, J., Ng, S., Maunder, R.G. and Hanzo, L. (2022) Deep Learning Aided Routing for Space-Air-
Ground Integrated Networks Relying on Real Satellite, Flight, and Shipping Data Flight, and Shipping Data. I[EEE Wire-
less Communications, 29, 177-184. https://doi.org/10.1109/mw¢.003.2100393

Yang, S., Li, H. and Wu, Q. (2018) Performance Analysis of QUIC Protocol in Integrated Satellites and Terrestrial
Networks. 2018 14th International Wireless Communications & Mobile Computing Conference (IWCMC), Limassol,
25-29 June 2018, 1425-1430. https://doi.org/10.1109/iwecmc.2018.8450388

Shi, H., Zhang, L., Zuo, X., Wu, Q., Li, H. and Cui, Y. (2021) Multipath Deadline-Aware Transport Proxy for Space
Network. IEEE Internet Computing, 25, 51-57. https://doi.org/10.1109/mic.2021.3112804

Han, C., Huo, L., Tong, X., Wang, H. and Liu, X. (2020) Spatial Anti-Jamming Scheme for Internet of Satellites Based
on the Deep Reinforcement Learning and Stackelberg Game. /IEEE Transactions on Vehicular Technology, 69, 5331-
5342. https://doi.org/10.1109/tvt.2020.2982672

Liu, J., Zhao, B., Xin, Q., Su, J. and Ou, W. (2021) DRL-ER: An Intelligent Energy-Aware Routing Protocol with
Guaranteed Delay Bounds in Satellite Mega-Constellations. [EEE Transactions on Network Science and Engineering, 8,
2872-2884. https://doi.org/10.1109/tnse.2020.3039499

Wang, F., Jiang, D., Qi, S. and Qiao, C. (2020) An Adaboost Based Link Planning Scheme in Space-Air-Ground Inte-
grated Networks. Mobile Networks and Applications, 26, 669-680. https://doi.org/10.1007/s11036-019-01422-4

DOI: 10.12677/sea.2025.142030 345 B TR R


https://doi.org/10.12677/sea.2025.142030
https://doi.org/10.1109/cecit53797.2021.00175
https://doi.org/10.1109/icetci55101.2022.9832117
https://doi.org/10.1109/ies55876.2022.9888355
https://doi.org/10.1109/wcnc.2019.8885585
https://doi.org/10.1109/mwc.003.2100393
https://doi.org/10.1109/iwcmc.2018.8450388
https://doi.org/10.1109/mic.2021.3112804
https://doi.org/10.1109/tvt.2020.2982672
https://doi.org/10.1109/tnse.2020.3039499
https://doi.org/10.1007/s11036-019-01422-4

	卫星网络智能路由优化机制
	摘  要
	关键词
	Satellite Network Intelligent Routing Optimization Mechanism
	Abstract
	Keywords
	1. 引言
	2. 相关工作
	3. 系统架构
	4. 系统设计
	4.1. IPv6分级服务标识设计
	4.2. 分层流量感知机制
	4.3. 深度强化学习路由决策
	4.3.1. 路由决策问题建模
	4.3.2. 基于TD3的智能路由决策


	5. 实验评估
	5.1. 实验流程
	5.2. H-CMS优化效果分析
	5.3. TD3方案的性能分析

	6. 结语
	参考文献

