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Integrated Software Design and Implementation
for SDGSAT-1 Satellite Mission Planning

and Command Generation
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(Innovation Academy for Microsatellites, Chinese Academy of Sciences, Shanghai 201304)

Abstract The SDGSAT-1 satellite was launched at 10:19 Beijing time on 5 November 2021, using the
Long March 6 carrier rocket at the Taiyuan Satellite Launch Center in China. The satellite carries three
payloads: thermal infrared, low-light and multi-spectral imagers. Through the coordinated observation of

the three payloads all day, it aims to achieve a detailed portrayal of the “traces of human activities”,
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which will provide data support for the study of indicators that characterize the interaction between

humans and nature and the monitoring, evaluation and scientific research of the realization of global

sustainable development goals. This paper aims to provide an efficient mission planning and instruction

generation technology for the multi-payload system of the SDGSAT-1 satellite. First, the three payloads

of the SDGSAT-1 satellite are analyzed in detail to determine their power-on options in different work-

ing modes. These modes include single-payload independent operation and dual-payload combined opera-

tion to adapt to different observation needs and task priorities. In order to ensure the efficient execution

of the observation task, a set of algorithms is designed to optimize the observation time of the payload.

The algorithm takes into account a variety of constraints, including but not limited to: payload data

rate, lighting conditions, working area, data transmission time, downlink rate, etc. Based on these con-

straints, an integrated mission planning and command generation system is implemented. The system

can automatically generate payload control plans and data reception plans that meet the usage con-

straints of the satellite and its payload. Through precise mission planning, we can ensure that the obser-

vation mission of the satellite during its orbit is efficiently executed while maximizing the efficiency of

payload usage. In order to further improve the efficiency of data transmission, the satellite’s data trans-

mission process is deeply analyzed, and an innovative dual-station relay transmission mode is introduced.

This mode allows satellites to transmit data between different ground stations, and effectively increases

the amount of satellite data transmitted through relay, especially when the communication between the

satellite and the ground station is restricted. This paper develops an efficient, flexible and reliable mis-

sion planning and command generation technology by comprehensively considering the multi-payload

characteristics and multiple constraints of the SDGSAT-1 satellite. The successful implementation of this

technology not only improves the efficiency of satellite data acquisition and transmission, but also pro-

vides strong data support for achieving sustainable development goals.
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F2 MWHBFERERERE

Table 2 Ground station configuration interface

5 SRR 2/ (%) I/ (°) =2 /m TRMGIRE A /(%) BRI /(°)
1 vl 116.8567 40.4508 109 3 5
2 = 109.3099 18.3121 22 5 7
3 At 75.99287 39.5051 1307 5 5

®3 EAMXFE

Table 3 Payload data relay receiving planning interface

A=A Y /S N ] Wk BT LRETE Bl Rt PERES Bl /s AR RN

1 Wy 2021-10-29  2021-10-29  2021-10-29  2021-10-29 182 241 W 5Ty
09:57:05 10:07:11 09:57:31 10:01:32 N

2 =ik 2021-10-29  2021-10-29  2021-10-29  2021-10-29 182 492 WL 5Tk
10:03:38 10:12:38 10:04:02 10:12:14 ¥

3 BEAFEE 2021-10-29  2021-10-29  2021-10-29  2021-10-29 183 336 IR N
11:34:04 11:41:03 11:34:46 11:40:22

4 EAFE 2021-10-29  2021-10-29  2021-10-29  2021-10-29 184 540 L AT
13:06:43 13:16:36 13:07:10 13:16:10

5 FRuE 2021-10-29  2021-10-29  2021-10-29  2021-10-29 189 515 L83 NS
20:35:29 20:45:00 20:35:57 20:44:32

6 =P 2021-10-29  2021-10-29  2021-10-29  2021-10-29 190 211 L83 5 ik
22:03:57 22:18:26 22:04:20 22:07:51 ¥

7 WAy 2021-10-29  2021-10-29  2021-10-29  2021-10-29 190 453 R 5T)puk
22:09:49 22:09:49 22:10:21 22:17:54 Heh

8 WA 2021-10-29  2021-10-29  2021-10-29  2021-10-29 191 553 HRL AT
23:44:11 23:54:16 23:44:37 23:53:50

e 2L EtER (BLT).

R4 EOREZERETRA

Table 4 Instruction inversion result display interface
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x5 IESHIN XML X4
Table 5 Command protocol XML file

<Frameltem name="Mi[A]257" ID="1" sequence="1" bitsNum="16" role="Other" value="EB90" />
<Frameltem name="MA 5" ID="2" sequence="2" bitsNum="4" role="Other" value="1100" />
<Frameltem name="1@i3#5iR" ID="3" sequence="3" bitsNum="1" role="Choose">

<Option name="AZ&1i">0< /Option>

<Option name="BJMi">1</Option>
< /Frameltem>
<Frameltem name=" 552 HriR" ID="4" sequence="4" bitsNum="1" role="Choose">

<Option name="3#EF: 1 FHEHE">0< /Option>

<Option name="H 454" >1</Option>
< /Frameltem>
<Frameltem name="%%[H{;;" ID="5" sequence="5" bitsNum="2" role="Other" value="00" />
<Frameltem name="fji K#FRHIF" ID="6" sequence="6" bitsNum="16" role="Other" value="0033" />
<Frameltem name="HH{FiEHHF" ID="7" sequence="7" bitsNum="6" role="VirtualChannel">

<Option name="F##$54">18</Option>

<Option name="#iJll[B]3%+5 4">12</Option>

<Option name="3#E$:[H] 454" >2 E</Option>

<Option name="UHF[f]#$§4">1 A< /Option>

<Option name="H14k¥% % $54">13< /Option>
< /Frameltem>
<Frameltem name="I{{<" ID="8" sequence="8" bitsNum="10" role="Length" addPara="-1">2-12,49< /Frameltem >
<Frameltem name="{}F415" ID="9" sequence="9" bitsNum="8" role="Seqence" />
<Frameltem name="Ek" ID="10" sequence="10" bitsNum="2" role="Other" value="03" />
<Frameltem name="2 B IChIEFEE" ID="11" sequence="11" bitsNum="6" role="Other" value="00" />
<Frameltem name="E{" ID="12" sequence="12" bitsNum="-1" role="Paragraph">
<Frameltem name="B i7" ID="13" sequence="13" bitsNum="3" role="Other" value="00" />
<Frameltem name="EZ$#" ID="14" sequence="14" bitsNum="1" role="Other" value="01" />
<Frameltem name="EE| AR ID="15" sequence="15" bitsNum="1" role="Other" value="01" />
<Frameltem name="EtTID" ID="16" sequence="16" bitsNum="1" role="Delay" >

<Option name="5Z}">00< /Option>

<Option name="#E}">01</Option>

< /Frameltem>
®6 TIRIELEE
Table 6 Working condition instruction details
FFs ElfE/s  SAETIITE (BLT) Eise =it D] TR AR 28

T+ HIBBBOB1:0x0A68; ZLAMANL T

e 2021-10-17 A SHANTIEEGT AR B0 MO RSB A0k
L2508 ey BETEERY DU Taim e R R SEG 0x0; RSN
0x6868686868
xR 7T ESREINSER

Table 7 Instruction inversion partial results
B2 JIE S,
0351F0A68 FASHEHIZEBOB1: 0A68 (0x0A68)
E06863686 LTAMHPLE R EEE (b): £ (1b)
868AAAAD WO RIS B F 40 (b): E4 (11b)
722247918 ZHERIZ% (b): 00000 (0x0)
A0D555001 [EE S5 (B): 6868686868 (0x6868686868)
31F55AA00 AZE (B): AAAA (1010101010101010)

164 IEPERG 1 & O 25K, BT 8L #EXT SDGSAT-1 TUR LA . $U4R 44 2K o

R A AT B Of TURAT 55 ORUEE R Sk, SCBliR Rk SRE SRR, B IFSEBl T —& i[5 SDGSAT-1 12
kAR, #Ee T TR RGREMTE. FAT S RIS 184 A 3 A il — A RO, AR
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