Computer Science and Application HHE IRl 5N, 2024, 14(12), 265-275 Hans X
Published Online December 2024 in Hans. https://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2024.1412261

RN 2 B 2 12 I e Bh7S AR E R

REA, xR, p %
AESTHE LR AT LA BE, BT

Woks H . 20244F11H26H; FHEM: 20244F12H24H; KA H: 20244F1231H

R

LEO (Low Earth Orbit) 2 R4 S HEMRB AL )T, RBH XY RAMNTHENEA L, ERRE
BRI ERER A R SR AW R T E AR . RIXTLEOE BN 4 3 ks, A
SCRH T —Fh BT X3RRI 7 i SDN L 15 833 B 5 3h BT B J7 45, R Voronoi XIKRI 7, H: SIS
Shll, SEHRILESMHTRNER. BRERFLMN LEEXSNERNMSER, hSERRMN
bl d. BhAh, FOCR MRS ST RN, il BN P T TR 88 B BIRIEFE, B SRz 4%
LAER, RITVEERRSREN. ESKRRE, AR HISDNS £ 85 #8877 VATE MR A5 i 2t
FHERTIETE, R TR SOREERE, &R LEOR BN HME R PRI,

KA
RE B 4%, VoronoilXI®Xl]4), SDNLEH|%

Research on Dynamic Placement of
Multiple-Controllers in LEO Constellation
Networks

Zeji Fan, Jianpei Liu®, Jian Kuang

School of Computer Science, Beijing University of Posts and Telecommunications, Beijing

Received: Nov. 26%, 2024; accepted: Dec. 24", 2024; published: Dec. 31%, 2024

Abstract

The LEO (Low Earth Orbit) constellation network, with its global coverage capability, can effectively
expand and supplement the deficiencies of terrestrial networks. However, its high-speed movement
and rapidly changing topology pose a huge challenge for the placement of controllers. To address
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the challenge of dynamic topology in LEO constellation networks, this paper proposes an SDN multi-
controller selection and dynamic migration method based on regional division. It adopts Voronoi
regional division and introduces a dynamic scoring mechanism. By comprehensively considering
factors such as the distance between satellites and seed points, resource usage, and the residence
time of satellites in the region to dynamically select the optimal controller. In addition, the control-
ler migration strategy proposed in this paper ensures timely migration of controllers by monitoring
the average delay within the domain and the resource consumption of the controller. Simulation
experiments show that the SDN multi-controller deployment method proposed in this paper is su-
perior to existing methods in reducing transmission delay. At the same time, it effectively optimizes
the resource utilization rate of the controller, making it more adaptable to the frequent topological
changes of LEO constellation networks.
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1. 518

BEE 5G HEARMIE K, AATXS X8 IR SR IG 0, 177 Hb T X 28 75 e iz PR 55 v R 8 s T3 AEAEAN &2« LEO
(Low Earth Orbit) 2 i W 25 75 5 A 3R 55 68 J1[1], A ZRAM T 2% 2 . SR1, LEO A2 HE M 2% K =iz
FIFIEFN A, SN T EREE M. N TR EiAPk, SDN (Software Defined Networking)id it 425 il
PRV 10 73 B, A RSN T LEO A e I 2% i RS2 e PR AN AR AN o T Tl B A5 75 D) 2 42 1) B L R
PE, BEUE SRR AL B s . SR, BT LEO B P EBE RS, i s e vk AR 1E 5 i
HMELLE R TR oK, PRI 2 45 ) 2% 1) 30 28 O L SR I

WABFE T, LEO M5t SDN 2 4% il &5 130 & S g 3= 2L0] DAy i A &5 % (Static Controller
Placement, SCP) fl15} 254 % (Dynamic Controller Placement, DCP). & 25 5 SR Mg — FELAE 2 BV 4G 3 B B B
YEERI S E, W Liu S A[2)32H T —Fh LS SDN #5285 TR M LIFRSIE 7L, RABIE
KRR LTI, DA /AMEGIEIR MR S 2% PTEE 1 . SR, B AR08 J0 V0 I I 28 4 b ) A AR
b, 3 DUREX TR 2R A 4 IR A SR I 75 >R . Guo S8 A [31MF2H T SPDA J5ik, &i&riasil &
BNASHLIT, ARG TR 145 G 2SRRI B X 28 0 T AN A G SRR T o FEAS AR S5 N [A] R FF R FH R s
BHHESTMEEE IR EGME RN, BIWE2 BBk s h 2SS E, JHEHzS
SRS . BT T, Papa 55 A\ [S1d i B A A AR (ILP) R A I 28 AL B, DA/ Mb I &E
VB TH] o 3 85 N [6]45 6 25 R84 il B I I 4B 52 [ B B2 T S ik I SRk I i, $2 10 7 — A2 F it NSGA-
TIIFR s 1) 2 8 28 U7 V. Weeid S5 N [7] 0036 5 20 28 U B 4 ) 8 o7 B RN T 22 TR] RO RS Ok 2R, ) 22 3 e A
REE Q % >J(MADQN) LA 2 il 25 5 &

FEFERI G 7, A SCER AR 7O T7 2R BEXS LEO M 2% ) a4 o Liuwei 55 A[8]52H T
— PR LEO B2 B WY 2% rh 45 | SR F% (R B A5 10 A SR, i oA #2511 2% 1) S B e, 1 B Ak R DR 3R DA
E AR, PRSI B, IR I ST A AR AR R R s 1 28 IR R R

TEARUE B 25, i TR # B A S LT R HET A T 1 S0 B e s il 48 i T gk
R ESCRTIR B 57 V54— FE T a1 LEO S A I 28 42 1] 2% 1 350 8 FE A% ) 8L, (HLIX 28 5 y0:A4T)
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Figure 1. Diagram of the inter-satellite link system
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Figure 2. Diagram of the Voronoi regional division
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Figure 3. Flow chart of initial inspection
E 3. MRREREE

DOI: 10.12677/csa.2024.1412261 269 LR 15 R


https://doi.org/10.12677/csa.2024.1412261

Wk 3 por, M TR R S A HER BT, SR A REREERIER, ERREIImX
e PP AERI S EAONE R BN, PRERSHET - RIAW. Hh, SAIBIREAETERS
P A — DX, AR R — X, A0 TR RS B 2. i T A — XN AT L2, REE
R SIA R RE R, MR TR, W2l iz 8% LR Sl S d E k. wREH,

AL Ak O AR
BRI

v
LR SR T 2/0F
DRI

FABTHE

= PERE
Y
AR ED EEHF
il = o z|
FAPEREERE IE_:l_f%W:tUEJ =
[EI= BEoBEE <
_ ESEISS

A 4

FFIERRE

D

A

BRSNS BPEKIED ASHAETES
FER, FHELRIE HISBIERER A
PPEEBIER BER
> EEEEER ><
B2
]

Figure4. Flow chart of score comparison
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Figure5. Flow chart of the final selection
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Figure 6. Process diagram of the multi-stage migration of the controller
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Figure 9. Diagram of the average delay within the domain
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