®32% & N LR Vol. 32
2026 4F MANNED SPACEFLIGHT 2026

DOI: 10.3724/7rht.1674-5825.2025113 « ZAEH K o
H TR S VLRI Walker S ER S B B VT TEWESE

kA, F—A, EEE, X &
(AEEREE 5B S H AR AT, JLET 100094)

T E: AT Walker 2 EAH I EF R P HEG R IEER, HERFHOFM, KX
FB TR TR 0 RS E R k. ARYE Walker 2 B0 &, 2 R IRE T LB
RBRE—RERORIEFHER L EORREEFFEZ2AT R, £ LB O REELHIFEFYR
B, ABHEEH, —BRFTRENZEZBEGK T, LA BB BKFTHEF AR, S RA
RAA B AR, BATEREENX, EEZELZNHRE G, BT RE—ETORKAHTE, &
AR R KATELARE . KSRABE G R, BATEH (0—1) LBAX, 53] 2R L HHRER
Wy, BREM, ZAERRIRG T ZERMIEF G 7 TR, K@y T EMERART,
KR ERKIT; TE; Walker® E; X4 BE LX)

FESES: Vi XERFRIRED: A NERS: 1674-5825(2026)03-0394-08

Integer Linear Programming-based Design Method for
Walker Constellation Deployment

ZHU Xiongfeng, WANG Yishan, HUANG Ziteng, LIU Ying

(Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094, China)

Abstract: The enumeration method is traditionally used for Walker constellation deployment design;
however, this approach is low efficient and generates a heavy workload. Considering these disadvantages, this
study proposes an integer linear programming-based deployment design method. Based on the characteristics
of the Walker constellation, the deployment design process is decoupled into two steps: (1) deployment design
and optimization of the unit orbit, and (2) deployment design and optimization of the Walker constellation. In
the first step, the optimization object is the minimal launch cost. The optimization constraints are that the
launch vehicles must provide sufficient transport capacity for the unit orbit and appropriate positions for the
satellites of the unit orbit. In the second step, the optimized unit-orbit deployment is inherited, and the
optimization object is, again, the minimal launch cost. However, the optimization constraints pertain to the
deployment year-plan, launch-vehicle productivity, launch period, and launch-site launch capacity. Integer
linear programming is used to implement the two steps of the design process, which yields the optimized
deployment of the Walker constellation. The results demonstrate that the constellation deployment design is
highly efficient while the subjective decision-making process is simplified.

Key words: aunch vehicle; satellite; Walker constellation; launch site; integer linear programming

1515 B TR AT AE R A TR B R
SR TRRRRRALEE, AT KD EN. TR SR, TR

WimHE: 2025-07-06; fEEIEHE: 2026-03-31

FE—1E: Mg, 5, WL, BRSO, BRSEOT I IR R G2 . E-mail: zhuxiongfeng@yeah.net

IR Riflg, T4, W, & BT A Walker 52 8 & SIS E BT EBIE ). FAMIK, 2026, 32. Zhu X F, Wang Y S,
Huang Z T, et al. Integer linear programming-based design method for walker constellation deployment[J]. MANNED SPACEFLIGHT, 2026,
32.


https://doi.org/10.3724/zrht.1674-5825.2025113

SRl S LT RO MR Walker B J38 /7 SR EHE T BEAFSY 395

EAVPE A B XPor A R, TR TR
B ATEEAE AT A o An 2T A A fae:
RN K = N[5 o T =g 1 B o S
RORRXT AL %) 50 2 B A o i AR S0 35 i & W A
PRI T 75 BBk Bk 22 190G o H AT R AR &L 88 1k 1
T EEA ). G Walker #2H B Walker 2 83375
A Ullock M1 Sclioen $2 H B T4 ( Street of
Coverage, SOC) #it k%!, Lk ettt
AN S B I AL A vk T D E Y TR R EE Y
FEATAL BT kY e R EE T, Walker £
JE TS ERIAIE . 2R ey B R T
ok sz 2 FE A, Walker 52 RE ATk N/PIF:i,h,
H & S8 A R AL N 0 TR R . P
B, RO B AR A e R D0

MRATIT AR T AR GERE LY, Walker 2 Ji
() 4 G 8 B AR AR R ] —Ji g - 2 2 80A B RS
HE TR A —Si— R RS N &
FHIFBe o AP S0 BRI B JRE 2 ) | e KR
B8 B iz 2 CHT A B R WO & IR 55 T
YiyiE 71, Walker 58 2 51038 AT LA B AE K/
Hh NS E B CRT L E RR E AR K R A T L P
FIHEFN LA, TR R R SR 7, M A
JAE FRABE A /N Bl A i is K B AR DR, R A
RS R B Ty ZE ] LLGE oo ] SR s e AR i . AR,
L AR RIS B R A o i K BT R AR, T
TR T M2 EB0E A m, L5 FRH
Rz vk AR AT B U & 53 28 T 38 1 vk M LA v 2k o
BT TAE . BeAh, W S hn 4 Ais 4 K i iz
e BRR . BmEag B a] kg TR R
PigE . KHETPRE . AT A R ST RE ISR R
48 (A2 1 1T e T RS 21 e e 1 & 538 %

BEOXF B IR A) T, A SCHR R AR TR B A
TR ) 5L JBE e S Tk, 1 RIAE Z R 2 A
PR AR AT F O 0 R S AR, O AL BRI
Th TR AN s AR R R R SRR
2 RO ik

BT Walker 528 (%) £5 9U1E T T2 2 450 i F 0T
A, DEPUEMMA . PUE&EE . ERE. WO
ZAHE , A BB T Z (8 AN A [A] ) 2 A AR 28
U, F A [ INIB U i =N 6] [ )5S B )
RSP BE, ARG, it adgm ., St

SIS [ ASCRE MR 3 KT R S B D Y e, A2
18 HOK S A REPATIZBIE K GHE S . Bk,
Walker 52 8 1) REAN B2 9 T S B35 B A 7 S8 I R
A BB RO BRI T T ) S O K SN AR T R . R
B T R P ke S BR T A E S, AN BE S Al Ry
T S B REAS B AR E . R RTE T,
A OUT, Walker &8 1 & 53K 2 i) [A] RF 224k
HEEE TR, RS AR K IR AR
Ty v KT R AR TR 5 R T S
G ZNEZW, MR ERSEE D,
AT TH Y K AT AL — G AR R B 0 0 & A
FRE T S8, AT BEAR TSR OH Y SR FH UG 2= 1Kk
WM K 58 Ty 2 T R srHT, Walker
B AR ) R SRR B T R 2 AN IR,
A0 BR R L — LI T 1) KR R B RN O R Ak
FADREZAPE T (AR ) B KT
RURRRE T RAAR . weah, KT &S TR T
PRGBS . R SR R Bz ERE R E
R, — KT A ST TR AR I i I T A6 A AN
. FETIZAW, ZH Walker 2 J 4 Y 1Y 55 AL
KSR AT LA R B Walker 528 1) A8 & 5 o
2.1 BHEERSEBEMRMNL
XF TR BIE T TR RS, O e
>R FH #5108 132 20K RS [R] 8008 T A BT A TR ke
ZHUE AT, A0 BRI S AT 55 1Y S K G
WA AR . % BN E 2K A & S T A ot
L R, KT RS AR, PRI i ) R
S TIERZ &1L K TP AT A S, B RCE
TRFHETTR, ERBEIHES WFE, [k
S A BRI o SRR 2 B TR) L SR FH R B e v R
R U s R AR (1) PR,
minf ! X
A-X<b (1)
s.t.) Aeq - X = beq
Ib<X<ub
P AR £ X AT R B — B T R
S MEORT , Arikis 28R 2H 6 1Y & 5 AR B
fIC CRLHE IR it B . RSP IR 55 2% . 2 5R
W) o Hb O SR A &, il f=
[1,2,3, | RWIKHE 1 R LEAN 1T AR,
K2 R AR 2 ACTE NIRRT, KT 3 IR
JAR 3 4ZIE NRTT .



396 NS AN

532 4

PEAb AR 8 X 2 45 1648 B T B g, Ik
fRAR oA R i, N, X =[0,1,2,---], &%A&HT
TEP K TR0 L, KFF2 %8 N1
K, KFi3mBEN2 K.

AR . WIEERNAHR deq- X =beq. RN
KARA-X<b M EFRAR Ib<X<ub, H
. OFXAR T deq R FXNLARIEIE, beq 2%
KR, X R AR B Pk )
M, AR A, DRI 2 A R A )
HATERME, OAFRAHR P 4 BAEAL R
HiE, bIEAGFRA R R, FEREEF TR
BTG 38 3 K R AT $ A A0 TR R A e 2 LA /b T
PARNTE T DRGSR ST R A s K
PR HArBiAZ R ) (FE TR SRR Bl
MR AE ) Z A T RRBGE R ITA TEMREZ
A, @ L FBRAHE S, b AR TR R, wb &2
W PRAR G, TR ki 58 T ks 2K
FBcE R, Fltn, 10,00, 1< X< [0,1,2,--]
FULKET 1 AT BEECRE N 0, KET 2 B9 AT k5l i
KA1k, K3l Esoem k2 L.

SRR IR LM R ), A4 T DR
MATLAB H i ) Intlinprog PREL. 7E PRk
R, EE AR R T R BRI
FELPR, BRIS BRI T AN, BT A WAL Ty
AR 55 . EXFEOT, AT LGE R
B TFRARRAT LR A KT ] 0,
WHAT PR AT B OE 7 %8, [6) 3 n] 45 2 A
UE D
22 ZHEE (BNEE) Z5EE04K

X T 2B IE R R R, AR TE TR AR A
T RS E T, 18 B TR sk AL
RGBT R HA DAL 5 R LA % 8 A A
R RGBT RN, RS TALER . KE R
e FRZER, Pl m bR LR s
RGTERE TR, TE5E B2 P T Y R SR D
T, RS A AR . SR AL )[R R
R R AE R, =X (1) PR, SR H
BN AN RS2, 22800008 TR B e
QB B el . AL REH B
BERSAHEE S, F A LB E 0
1, EMANAEEL (0—1) LMK,

Ak BAR f X T R R G BT 4

SRR OLT , B8 00 I A5 38 3 K /i & S A 2
/o Hirb, R BT T A B S A A

AR X BABILIE A5 Uk R BE RN 43
fii, Glan, EAERDL . WARFIR KR B Kk 5
FEMELT, X=[0,1,0,1,0,0, 13 B 5 4 74
FER, BH-AREERHREES TR,
NGB R R R TR WEEHNE, X
FAE—HEm, HAERMH AN ME TR, W
W I A 7 5 8 G R 4 3 AN B0 A 1 AN 1,
T30 2 NIRAE 0.

ALy . OARER 0, B R 2 %
AR —is KT AR R B BN BE K Tz ok
Wi 7E RS TR AR ATRE ), WARR K TI%
KETHAETERE L, AR, ARAE R 5T R /N
THVME; QL TFRANR, WF 2808 A
BT R (0—1) bRk, PHbitibs &
MTRRRA 0, ERRA1; @FXLYH, BEAHuE
T 200 H R BERERE 1 Fh & 8t =0,

[FIRE, SRARZISHEAE M 1R H MATLAB
H 7 /9 Intlinprog PREL . &1 12 3L T3 F 2R 4 FL K]
(1) Walker 52 Ji & 510 B RE
3 ilsesl
3.1 BHEEEZSEHBEMRL

e B Walker B2 A B # BUAS 24 1000/10/1
50, 1000, iXZH]i% Walker /&2 % S50 1000 i,
10 NE |, BLEMf 50°, B & 1000 km.
X T BUTE R S, R . RN
THTH T 2N ILAT 8 ALiE 2w sk F R A 3 A
BECKE, BRI RS TSR, Ul DA
B 100 0, RPZR ERA AR &M &,
FIEA 3 38 7 T B3 A T A A7 50 AR /D1 100
A MTEN 10 000 kg, FPESR FiRA S TE BN
RATTT%, FrA iz #8 KCH ] 24 B AR LI 2 3
AE 1 Z A DT 10 000 kg-

Horp 8 RliZ 3 K Hi B FREAE B AN 1 iR, #
Merh, 3B B CHT R0 RE 43 R B AR BLIE 12
AREES . PARMLAY DR A AR . RS AR
ki 1, HERRLEMEERE T 2000 kg, T
P TR R N 184, RS MARE L1
AT NET TN

BEXE R O GE T Y & R R, SRR



ARMEUE,

S BT ROEER MR Y Walker fiL J38 R SR E BT 5T

397

RALLI 12 BT
B AR T H

AL AT PR ALy T e A3
B AN/ TR TR R

AL nfefitss T
s #EE 1 Z FIA/NT
A R 2R

DAL S—iZ RS
EE B AT
PRI

AL BB K A
VI AR TS TE
IR TALRIA T A S RE )

> Hik

DAL bR Bt
P
iR kst
wE DAL : 5 5% S
i 2 e PR

SRR
RATE

DL FbR: ZgmAsRD
PEAZE b (TGS —H % 1
BRI T

B 1

RETERE R ITIRE

Fig. 1 Launch and deployment design process
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Table 1 Basic setup of 8 launch vehicles
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Table 2 Single-orbit launch and deployment scheme
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Table 3 Launch and deployment year-plan arrangement
of Walker constellation
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Table 5 Optimal Walker-constellation launch deployment
solution
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