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Optimization method for high-precision multi-satellite rendezvous

using multi-round iterative correction

ZHANG Jin'?, WANG Kemao*!?, YAN Bing'?, WANG Liyao'?
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;

2. Hunan Key Laboratory of Intelligent Planning and Simulation for Aerospace Missions, Changsha 410073, China)

Abstract: For the high-precision rendezvous trajectory optimization problem of a single chase satellite serving multiple target

satellites on orbit, a three-step serial optimization method based on the multi-round iterative correction was proposed. The

rendezvous sequence and approximate impulse solutions based on the analytical J2 perturbation model were obtained by using

the differential evolution algorithm, and the high-precision solution of the first rendezvous maneuvering impulses was obtained

by using the local optimization of the sequential quadratic programming algorithm. Moreover, a multi-round iterative correction

model was constructed to update the subsequent target satellites’ states and maneuvering impulses to reduce the influence of

the error diffusion between different models. Simulation results show that the proposed method can stably obtain the high-

precision maneuvering parameters with approximate least cost in a few iterations.

Keywords: on-orbit service; multi-satellite rendezvous; high precision orbit; multi-round iterative correction; serial

optimization
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Fig. 1 Sketch map of multi-satellite rendezvous scenario
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Fig.2 Three-step serial optimization method for high
precision rendezvous
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Fig. 3 Multiple rounds of iterative correction optimization model
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Table. 1 Target orbit parameters of example |

No. al/km ¢ i/° Q/° u/°
S, 677814 0 97.0344 49.0000  25.0000
S, 687814 0 974063 46.0000  13.0000
S, 697814 0 97.7924 50.5836 5.0000
S, 707814 0 981929 51.0000  50.0000
S 717814 0  98.6078 48.3129  349.9999
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Fig. 6 High precision rendezvous trajectory simulation
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Table. 2 The Optimization Result of Multi-Satellite Rendezvous of Example |

Sl FEARAZ 23 [RTBG I [)/s I 5/ (m/s)
152 83304.4194 418.445
255 166608.8387 412.098
553 166608.8387 347.365

3—>4

166608.8387 115.743
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(a) Variation process of orbital semi-major axis
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b) Variation process of orbital inclination
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Fig. 7 Change of partial orbital parameter in multi-satellites

rendezvous process of example |
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Fig. 8 Variation process in velocity increment cumulative
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Fig. 9 Comparison of velocity increments at different

rendezvous time upper limits of example I

3.3.2 4 AT AT

N T DU AR R E A, D
VEHL 7 0 H br B B A6 S 402 S RO S T 3t
ITWHEMGE, BiaREJPuESHnE 3 s, w4
AL B 4 Frox, 28BS R, 2
H T VR AR BRI ] 2 I TSR R e 2 RS 2k
FEEER .

i B A AL A 2 75 /N B B 14
ARG LM R ) A Ry e etk s SN — P AR T 1%
REME, KA A B AR A TV R A B A b
LTS b, & BN o AT SRS A R AL
AT 5 ARAk, THREERWE S s, Hfsrp
ACTTIE: 5 IRPEA A B e T 1t = L VR S Ak
ER 2.17%, (B3 FER & RS AT
1.55%, PRTIERALRE JIARIE, (H5330 5154
TR TR OR A AT R 16.92% . 25 F15 B



AW IR RIE RO RE P e R Eit  HEAEF TR,
# 3 HE N HirEZH

Table. 3 Target satellites” orbitalparameters of example Il

No. a /km e i/° Ql° wl° f/°
S, 7078.14 0.01 55.00 6.00 0 3.00
S, 7178.14 0.01 60.00 1.00 0 35.00
S, 7278.14 0.01 50.00 30.00 0 120.00
S, 7378.14 0.01 48.00 11.00 0 89.00
S 7478.14 0.01 59.00 20.00 0 60.00
Se 7578.14 0.01 51.00 47.00 0 70.00
S, 7678.14 0.01 57.00 21.00 0 125.00
x4 BN 2R SRAER
Table. 4 Optimization result of multi-satellite rendezvous of example 11
HRINE Lo Z/s TR (m/s) St FE6F B B9/km

152 177791.4852 950.464 7.264x1077

256 266687.2278 4656.028 5.982x10°®

67 4444787129 2508.665 1.443x10”7

75 533374.4555 350.421 1.141

5-53 711165.9407 1206.779 1.387x10°®

34 888957.4258 1868.752 3.356x10°®

£ 5 NIRRT J2 TR VT B 45 50T L
Table. 5 Comparison of calculation results of J2 approximate solutions using different optimization methods

e A0 P 1 SIS A Tk 4
Jiid: B SR REERAR VRICRERE st
A(m/s) A(m/s)
itk ik 152555354 1250.661 1272.398 222.744
AT 255545351 1224.122 1295.548 1315.974
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Fig. 10 Comparison of RAAN errors of different models in

rendezvous time of every target satellite
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Fig. 11 Comparison of latitude angle errors of different
models in rendezvous time of every target satellite
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approximate solutions based on different models
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Table. 6 Convergence situation comparison of different optimization methods
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75 /km /km /km
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