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Abstract: For large-scale low earth orbit (LEO) satellite networks, two new inter-satellite link (ISL) connection strate-
gies named Grid-V and Grid+ were proposed, which improved the traditional Grid connection strategy. The proposed
strategies made full use of the ISL connected to adjacent and cross-adjacent orbits. The Grid-V connection strategy aban-
doned the intra-orbit links of the Grid connection strategy and used ISL of the adjacent and cross-adjacent orbits to form
the network topology. The Grid+ connection strategy, while retaining the Grid connection strategy, allowed satellites to
establish cross-satellite connections with satellites in the same orbit or the cross-adjacent orbits. For the large-scale LEO
satellite network with a Walker-Delta constellation configuration, a shortest distance inter-satellite routing algorithm was
designed based on the proposed ISL connection strategies, and system-level simulations were conducted from the per-
spectives of geometric topology and packet respectively to evaluate the performance of each connection strategy. Simula-
tion results show that, from the perspective of geometric topology, the proposed strategies can effectively reduce the aver-
age number of routing hops and path switches. At the packet level, the proposed strategies exhibit better performance in
terms of round-trip time and jitter, path occupation ratio, average throughput and so on.
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1) for (int =1; <=T; t++)
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6) end for

7) end for

8) end for

9) AR 1F RN RORE

10) if 7 RARAS AL then
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13) endif

14) end for
32 BHAREFESH

R Dyyaxs T Dyax.ase FAF TR PR AES S, Al
TN RS S, W BUE, B R 0(1).



%81

FEEESE  TI F) CHUAEIC IR BILTE T2 X 5% 1) 2 T S e - 105

i T Floyd-Warshall 535 5 75 s 5, Il 819 AT
BN X=N+K, NAT RN s, KoHmeh %
&, I Floyd-Warshall 1/ 3 i1 € 22 5 8 O(%°), H
H1, Grid 55 Grid-V % 4 H B &A1 A5 AT JE Y A
T B0 B I I B AT 4 IR b AL, DARA B FE S
BRITHIAR IS, Grid+E B 0 T 2 6 Ik, R4
Ry (P B SRR T, BT LA 2 1) % b v B A
fE: Grid 5 Grid-VEH RSN O(4TX), Grid+i%E#
HME A O(6TX)
33 BIEERBEISME ST

AR 2Ol — M R e 1 sk ) el R i
BIURMERIHERE. MERERX TR, WHETEW
SRR AR E . AIBAR R H SR 45 42
TR, TUARPERRSRMTS Rk . R FH 25 4T
BERE IR ER IR I B AR TE S, R

7=m| (7)

Horfr, 2,08 LEO W 2% [ 40 2 40 B AR AE AR, N oA
LEO PR S¥i&E. N TLLEH, &bttt
T br A2 B REAEAE I B 2R 8 BUE SR B 3 15 20
N THE Kuiper 2 B ) 55— 7 PR S IE R SRR L T
H ARG P S R s, 45 R UE 1R,

#®1 Kuiper EENE—EDE & ERRIRL

RN AR 4
Grid 1.648 0
Grid+HL NI 2 2.833 4
Grid+4 5L 2 2.733 1
Grid-V 1.648 0

MR TATLLE B, M SRIEIE o AT i 2
TS 0 05, Grid+ 3% B2 5% WS 1 B S5 R i T
Grid JE #2250

4 HESERSHR

41 MHENMESSH

AR ICAJ B 532 % B ETH Zurick JF & [ LEO
TR A H 28K Hypatial®!, i%2889% ] Python. NS-
3EEAAE RN KRR . 1 56 1E Python H AR #% Kuiper
M SRR R R, ERTLE (two line
element) LI HHE G SCHE,  HI AT H 7 ZLIN R Y
AR T EKALE; SR )5 H A Python H ) Net-

workx T HALFEAT 28 B M . o0 dr, SRaldET
o R AR SRVE ) A R TS, R Python
SEHL LTSRS E TR 5, MRS AE Python i 5
BRI R, 16 NS-3 07 B 3R 4T 3085
BRI s Ba R AR RIMEELE RS
MATLAB H 47 /3 AT AL 2

A L5256 R R ) Walker-Delta A2 88 25 41
N 1156/34/17/51.9/630, B2 FAALE 1 156 B B A2,
TRV AT 34 55008, PUB MR TR
17, BHUIEF Mo 51.9°, DEPIER&EEN
630 km. Hh 71 b 3% B A4 BRON 1 HE 44 BT 100 1) 3%
T, M T3 R 26 B /N0 A D 30° . 1 E Hypatia 1
FLIFT I 8] 24 200 s, S T~ 008 60 J2 T 1) 15 3 SE 58,
ISL 1 GSL 5 % 75 535 % 7€ 4 10 Mbit/s.
4.2 JLfERINEEAES

T 5l o A TR T 4% 4 4% ISL 1 Grid-V iE 55K
WS AT JLAT $h 4 2 10 07 3, F 5 Grid 24 5
HATX G A ER N CHEA BT 100 13T, 1B
gk M T S 4 A o AT 2 AN MU s AT NS, S
4 950 ANHA, G vt M T 3l 7 £ B R] P fR T
B Bk Ay 5B T R, IR 2 TR .
Grid+L N 75 B F1 Grid +&1 L% A2 (1)1 251 % e Bk 250h
9.07 f16.31, Grid+#L /4 5 & A Grid+2F L5 & [1)°F
BIRRAT VI BN 4.51 F13.52.

=2 Grid 5Grid-V EE RO EHEBERES

FHERETIHURE
SRR RAEURE TR B TR AR DI
0 0 9.02 4.38
1 1 7.57 4.54
1 2 6.43 3.58
1 3 6.03 342
1 4 5.65 331
2 1 6.75 4.24
2 2 5.42 335
2 3 5.20 333
2 4 5.05 3.25

ME2 0 LA, xR AR W2, FEE
RABHUAS B IN, ~1-2 % kA5 P P AR D)
BT B 3T HRERAS WS, BEE B W
RIS, 125 % e Bk A S A B AR DT Bl TR
B BRI WA EWRE I ISLIER:, X RWLE
RN, B G A ISL R R B4 1)



- 106 - W fE

{18 %45 %

B

HAR N E T AR I o B R AR SRS 1) R R AR Y
Xf b Grid 7% ¥ 5B, 7E B 4F 10 Grid-V 3% 42 5K B
(Grid-V24, BILREUIMEE N2, IRABEMFE N 4) 1
BN, P B B RAR T 44%, P ERAA T
R PSR T 25.8%; 1F i % 1) Grid-V % 2 5 1%
(Grid-V1D) 15O, WAEEFEAK 16% - 35 2% ik
e, AHEILL3.7% (1)1 2B 42 D SR 3R THE N
RKfhr o
TESXIBUERIEH O N

O =wu+wy (8)
Hr, w AP D R BE, w, R P
AL, wotw=1. B Q%A T THHE
DI HOR 38 2 e Wb 2 P d bR, ASCH RSO
VE UM ¥ 0 2 T B b, 5 0 SR AL
BIRHO (w=w,=0.5) WK 8RN,

—_
S

ol I 49 fi s |
4R 22
sl -—-=Grid
T
6 5
]
S 5T
4 =
3 =
2 L
1 &
0
1 2 3 4
WA HRES

K8 BRI AL R O (v =w,=0.5)

NG5GV 35 B A ) 4 BRI 35 i p Bk 8 2 A
IR AL E =IEE QT LA, %% Grid-V 42
FEWE IR T b Grid HE 3 S FE A e RE, TR
U Grid-V 10U R, QEFFK T 38%. Grid+#L A
P55 A Grid+ 4B B (1 O 18 43 71N 6.79 F14.92,
FEI Grid M1 Grid-V 12 HE R0 .

PRI IR ED, B R E P R B
%E (RTT, round trip time) M H ), WHEEHRED>
DI RO E AL . 5 b B 20 8 B0 Hb 5 5 X 2 2%
&, PRI ko>, R R B
PR2% 7 FH 2RI, DRI AR (1) ~F 350 2% e Bk 4k e
e, X — S AESTHR[12, 1619 CHIE W] . T B 4T
1 2 A0 P R R EG 1) 4 6 B R ik & 1k e 1 42
Th, X AR 4.3 I B R A

43 HIROEEMNHELSER

HRE # F0 G 1 05 B AB O, AR SO T Grid-
V24 3% 32 HE W 2 Flt Grid+3% £ SR 5 4% 48 11 Grid iE
2 R W AT B R L 2 T 0 . & Grid-V24 %
B SR 1) J5 DR 2 Grid-V24 3% 3 55 0k B /N O
B, T HAE U F i 5 mE 1 2 25 ISL T it K vV
RISH4N . AT 76 TCP New Reno 375t NikHL 1 45 41
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Grid+t LN i 2 175.44 25.75
Grid+H&l U 176.01 26.84
Grid-v24 164.55 24.96

432 FaHEgE

AT Al B & 1E TCP New Reno 175 F 4T 1Y,
o3k T ZE % 1 (CWND, congestion window) [1]
BN, K EAS=AEE R ACK (acknowl-
edgment) i, FECWND KA T, Arblgit
CWND P35 B 1) 7 $iomr DA T s ik 25 B g

K10 27 T AR EH 5 CWND 35 T [ I
HHECDF. ME 10 AT LLEH, Grid-V24 E 85
W () ECDF i £ 8 (A 52 /e, R B H A Jk /> CWND
BRI TR B b, TR R Grid-V24 & 2R
WS PR B A DA X Bt /D, AT DAl B4 6 L 5 1 5
HHER. NE10ETTLUE H, Grid+ 3 s A .
Grid+4B 815 B 5 Grid 4% 5K % (1) CWND T35 T [%
VBT —FE, X JE KN Grid+3E 8 560 5 12
ERRARE AR S, B EIEE N T B D) ek
¥, MR MECGE E MRS k(5 B 5] Lg
F, Grid-V24 3% WS 1) CWND P33 T BRI BN
16.34, 5 Grid i # 5% B '] CWND “F- 35 T FF I 2
18.82 AHEL, FEAK T 13.2%, RRHE.
433 E4Ess b AR

VB 2% B IA) BRI 7 3R 0E ORI B IR B E —
AN B o A I ] SRR B R B . ARSI
(AN ISL o5 FH 2R 1P S5 (4 F VR N 2% ISL o
FZR AT AR E . A [FIEHE SRR N W48 ISL 5 F %
MK 4PN ML Grid Rz 50, HoAhE 72 500 1)
W& ISL 7 A 1, Horb Grid-V24 332 50
B T 46.13% IS ISL (&, SR NEZE .

Ji RS2 Grid-V24 3% 82 5 s 2 25 b 1 Bk, T
W T R BB ISL I, X %% LEO M
ZHZERE L. BT DL E Wb N g A E,
IR/ D SRS R ZE D

1.0
09}

- = = Grid
[ Grid-v24
] E e Grid+4Lpq 5 B
i Grid+4 4L B
"'_16 20 30 m 50 60
CWND-F-H F IR Bk
B 10 A [FERES I CWND “T-1 F & 8 ECDF

=4 T EHEZERIE TMEISL SA =

puz RH£% ISL 1t i R
Grid 6.07%
Gridt¥L N5 2 4.46%
Grid+4B%LE5 B 5.92%
Grid-v24 3.27%

434 F¥HELF

BB R TAFEREER T PRt sr
ECDF. ME 11+ A LLAE H, Grid-V24 HE 35 1)
ECDF i &Rk FE 47, RPHIE ML Pt &
(IR BT o Grid+3% £z 5% s o) 7 35 77 k& (1) 4 1y
A—EMR, ERFABRAEHE.

1.0
0.8
&
E
0.6
QS
&
@: 04}
- = = Grid
02} Grid-V24
————— Grid L1 5
Grid+4F#Lis 2
0=
2 4 6 8 10

PR/ (Mbit-s ™)
B ASEERE S R P48 ik & i ECDF
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¥ 45 %

Hk B R TS BRI KGR AT ISL 5 H %
(AR ANT 4y o Grid-V24 32 50 11 A0 1 e i
4F HISL 5 HZE &K, EHMZME1S CWND T
IR &AL, 7£ TCP New Reno 75, CWND &
K, RIEEFEP, CWND T FF 402 AR A 15
CWND 4 FF7E R K PRI R, 9 HLISL 5 A
RIEIREM THZE, X2NHTHMHERW R T H
ST 1P RE P

AR BRI R 28X ik AR S FioR .
% 12 WS A LU Grid 3% 422 5w (1) °F 35 7 ik 2 A 4R
T, Hodr, Grid-V24 3E R SEE 1T 5 T B
T 21.23%, 1 H Grid-V24 fic & 1Y ISL 5 /b, X fii
75 T2 ISL AHHEFSH] . IR NS HI 25 5 44 Kk
B, FIREREULT, Grid-V24 N 242 FAR 1 S .

®5  TEEEERTRETHELS

PUEE: 35S SFE A /(Mbit-s )
Grid 3.91
Grid+#L A 75 &2 4.30
Grid+4l s 2 4.16
Grid-V24 4.74

5 4ERIE

A SCTH A KL LEO P E M & 2 1 T Grid-V
A Grid - G ns, TS IEER IS IR T R
PEES G5 % . % T Kuiper RS — 2, @it L
[ $H 4 Z AT EMNS-3 B R &, 20 T
FITH SR 7 fo 0 B S I H 5 S R IR RE, RS A4
Grid JERE MG HEAT T Hei . (hEZE R, Frith
(1) Grid-V 3% ¥ 5 W& B 8 A5 2800/ % bh I % A2 D) 46
B Bk E . Grid-V 5 Grid+iE £ Mg £E 11 1R
BPAE, EA. Gy mEAA B Eae,
Grid-V24 ZE 42 50 B VERR B U o

AR R FAR LEO 122 /0 4% 2 ) % 46 0 2 5
W FRRIE N J5 S B B VA IR B e T Rk 7RSS
SREFXT LEO T2 M 45 i th BiE Mt s rp, g adt—
5 AN [ T f R B I R SRR I A B R . AR
(PRI 70 BSR4 Kuiper A, (HIL g5 R R T A
AL R A B LA E M, S KR LEO
X 24 B AV B B R AL T R R . SEPRIE SR
B AT RE B A . @B MBURSE 2 MR R A BT A
[Flo 2B BUCKRRMBE TR [EX L SR A &, LA
HEB) BRI AEAY ) S b S I R4k 0T T BRI A

P25 i o RLIEAE T 30 (Gl f5 . KR 22 A B A
ZORPBD S BRI UL B A A7y b 4% 5K i gk
TR BB IE, AHR R TAE IEAE3E— B IR
i
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