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Efficient statement-level update method for on-board software

JIN Xin', XU Qinghua®, WANG Huiquan', JIN Zhonghe'

(1. Micro-satellite Research Center, Zhejiang University, Hangzhou 310000, China;
2. Aerospace System Engineering Institute of Shanghai, Shanghai 201109, China)

Abstract: To reduce the demand for telemetry, tracking, and command ( TT&C) resources in the on-orbit software
update process and shorten the update upload time, this paper proposes a statement-level software update method
that requires no operating system support, has a small amount of upload data, and can be flexibly controlled.
Firstly, precompiled command was used to optimize the program space to make the code of different modules stored
in different segments after the compilation, so as to reduce the impact of code modification on the loaded file.
Secondly, the matching path between the reference segment and the update segment was solved segment-by-
segment, and the difference content of each segment was extracted, which could greatly reduce the size of the
differential patch. Thirdly, through the design of version guidance program, the flexible control of satellite software
version was realized. Finally, the reliability design of the files and the program was performed, which could ensure
safety of the entire update process. The method was fully tested on the ZDPS-3A satellite platform. Results show
that the update method proposed in this paper could be applied to on-board computers without operating systems.
The software state could be rolled back and the update process was reliable. Besides, compared with the traditional
method of extracting different content, the average reduction of patch file size generated by this method was more
than 50.00% , greatly shortened the update upload time. Therefore, the proposed method can meet the demand for
low volume data update of on-board software and can be applied to other spacecrafts such as micro-satellites.
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Fig.1 Statement-level update process of on-board software
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Tab.1 Results of software update operation
F5 #fF W dr Ide Ido Idn Ide’ 4
I FH 1 0 0 0 0 1 foesi]
2 EH 2 0 1 1 1 2 KT
3 EH 3 0 2 1 2 3 el
4 IR0 - 3 1 3 0 B
5 mEE 2 - 0 1 3 2 B
6 TEH 5 3 2 1 3 2 P
7 EH 4 3 2 1 3 4 el
8 HEH 5 3 4 1 4 5 A
9 FEH 6 5 5 1 5 6 B
10 ME 4 - 6 1 6 4 B
11 E=H 7 6 4 1 6 7 jnesi]
12 EH 8 6 7 1 7 8 el
13 FH 9 8 8 1 8 9 B
14 HH 10 9 9 1 9 10 el
15 FHH 1 9 10 1 10 11 jnesi]
16 TH 12 7 11 2 11 12 i}
17 HE#H 13 12 12 3 12 13 )
18 [E 3 - 13 4 13 0 K
19 FHiR 8 - 4 4 13 8 B
20 [ 15 - 8 4 13 0 RV
21 T 14 3 13 4 13 13 P
22 HH 14 5 13 4 13 14 jnesi]
23 W15 5 14 5 14 15 I
24 R 7 - 15 6 15 7 )
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Fig.9 Update patch size
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Tab.2 Resulis of different update methods

Pk AT SRV Byte BRI B R MBI R/

1 KN Byte tdr st A W% st A W% 5t A W/ %

0 519 153 - - - - - - - - - -

1 515 921 0 105 758 53 170 49.72 429 216 49.65 10 5 50.00
0 93 964 49 588 47.23 381 201 47.24 9 5 44.44

2 317225 1 71 982 19 309 73.18 292 79 72.95 7 2 71.43
0 146 541 68 374 53.34 594 2717 53.37 14 7 50.00

3 516 105 1 170 612 72 847 57.30 691 295 57.31 16 7 56.25
2 119 582 59 348 50.37 485 241 50.31 11 6 45.45
0 150 380 77 479 48.48 609 314 48.44 14 7 50.00
1 139 836 53 358 61.84 567 217 61.73 13 5 61.54

4 S15 761 2 89 444 37 498 58.08 363 152 58.13 9 4 55.56
3 69 269 47 642 31.22 281 193 31.32 7 5 28.57
0 175 728 86 441 50.81 712 350 50. 84 16 8 50.00
1 166 088 63 255 61.91 673 257 61.81 15 6 60.00

5 516 081 2 118 934 48 815 58.96 482 198 58.92 11 5 54.55
3 95 728 56 693 40.78 388 230 40.72 9 6 33.33
4 42 591 20 558 51.73 173 84 51.45 2 50.00
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