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Abstract

According to the Space Development Promotion Basic Plan, more than 110 satellites are expected to be
deployed by 2031. Accordingly, the operation concept and technology for satellites constellation are required,
compared to the existing few multi-satellite operations. It is essential to automate and optimize the mission
operation system, for efficient operation of the satellite constellation, and preparations are urgently needed for
the operation of satellite constellation in domestic as well. In this study, the development direction and
strategy of the mission operation system applying automation and optimization for efficient operation of the
satellite constellation are proposed. The framework for evaluating the automation level and priority of the
mission operation system was developed, to identify the tasks to which automation should be applied
preferentially.
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Table 1 Automation Level Classification
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1. Fully Automated
2. Paging
69A 7 3. Supervision
[131 4. Cueing
5. Data Filtering
6. No Automation
1. Basic sequential automation
494 BE 2 DlStI’ll?thed autom_atlon
[14] 3. Adaptive automation
4. Mission—aware automation and
their impact on mission operation
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Table 2 Possible Automating Work and Automation
Tool for SOS[9]
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Table 4 Characteristic of the Constellations[9]

Constellation RapidEye SkySat Doves
Number of |5 \jicroSat | 13 MicroSat | 250 CubeSat
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Single Multiple Multiple
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Orbit Altitude 630km 500km SSO : 475km
Mission ~7 years ~6 years ~2 years
Design Life ) )

Table 5% Planet LabAlollA £&93t g +H19
del Ass sEe 4% AEolth. RapidEye,
SkySat, Doves?] =22 tFi9 49 715olA



14 Aol Al. 5 AF. o)1

&3t FEol Eas & F den
749 LEOP & Commissioning @5 %= A& 02 o] F
o]x 3. glt}. 3 Doves wHAA S

FoiA= ¢E& THYAY  d¥] Ground Station
Tasking §#%= €43 Asow oFollds & +
k. Orbit Control and Maintenance®} Collision
Avoidance®] A4 R FEO®m o] Fojxil glow,
Doves®] 7§ FzIA|=Hlo] F-A|3}o] ?ﬂE Aol /A
2 FE 39t BEUbete] AbsE FEE #ddE gl
S 1} Differential Drag Maneuver?} 7}53}T.

A
ok
O
o
<
[©]
w
O

de

Table 5 Automation Level of the Constellations[8]
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Fig. 3 Scalability Criteria according to Number

of Satellite Increasing[9]
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Table 7 Quantitative Evaluation System by
Evaluation Criteria

Automation | Value | Scalability |Value| Frequency |Value| Reliability |Value
Manual 1 Constant 1 One time 1 None 1
Low 3 Sublinear 3 Sporadic 3 Low 3
Medium 5 Linear 5 Low 5 Medium 5
High 7 |SuperLinear| 7 Medium 7 High 7
Full 9 - High 9 Full 9
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A3H o Z Table 73 o] %8 253t FF0
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Table 8 Tasks of Automation Priority Evaluation

Tasks of Interest for Automation
Contact Scheduling
Mission Planning
Command Planning
Image Collection Planning
LEOP
Routine Operation
Anomaly Handling
Distributor
Satellite Operation System
Direct Ingestion System
Software Update and Management
Orbit Determination
Orbit Maintenance
Collision Avoidance Maneuver
Conjunction Assessment
Non-Uniformity Correction
Focus Calibration
MTF Validation

Planning and Scheduling

LEOP and Commissioning

Nominal Operations and
Anomaly Handling

Software and Configuration

Orbit Maintenance and
Collision Avoidance

Calibration and Validation

Nominal Operations and Anomaly Handling <%
= oA, 48 @ AN Tt
<l Routine Operation Q5-oF #A, o] IHdh
e 5 A4 sk g

Anomaly Handling 4% 2 &%}

=

= =

A
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=]
g ol A Al

n
o,

SRR

A= A48 ABAA

Software and Configuration

g #AA g o]eE 8| ESIE Distributor 95, HH

)
FA 9 AEAHRE F408k= Satellite Operation
System %, 94 dE J4E& F4AlSkE Direct
Ingestion System @5, TAAZEN(SW) QU o|EZ
#2J 3t Software Update and Management 9=
TRETh

Orbit Maintenance and Collision Avoidance ‘?j—‘_?'-

e oA AEARE 83 A A%

AAsta FF AEE o F3t= Orbit Determination
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L] L] - -
Automation Priority Evaluation Framework
No Mission Task Element EV:::S:ZZSZ f:::lnt Scalability Frequency Reliability OEC Ranking
10 Direct Ingestion System (Software and Configuration) 021392 0.43580 ¢ 0.33705 0.25855 @ | 0.7763 1
13 Orbit Maintenance (Orbit Maint. Coll. Avoidance) 0.14976 * 0.31129 ' 0.26215 i‘ 0.25855 i‘ 0.7038 2
14 Collision Avoidance Maneuver {Orbit Maint. Coll. Avoidance) 0.08558 ! 0.31129 . 0.18725 ‘ 0.25855 i‘ 0.6704 3
4 Image Collection Planning (Planning and Scheduling) 0.20325 ; 0.31129 z 0.29960 “ 0.22162 ‘ 0.6621 4
16 Non-Uniformity Correction (CalVal) 015255 4 0.31129 0.26215 M 0.18468 W | 0.6238 5
18 MTF validation (CalVal) 0.19255 4 0.31129 @ 0.18725 ¥ 0.18468 W | 0.5664 6
9 Satellite Operation System (Software and Configuration) 0.10697 ‘. 0.18677 ! 0.26215 f 0.18468 ' 0.5580 7
6 Routine Operation (Nominal Operation, Anomaly Handling) 0.24604 f 0.18677 ! 0.33705 ‘i‘ {.25855 * 0.5415 8
8 Distributor (Software and Configuration) 0.10697 ‘ 0.18677 0.18725 ’r 0.25855 i‘ 0.5362 9
15 Conjunction Assessment [Orbit Maint. Coll. Avoidance) 0.24604 ‘t 0.18677 BB 0.18725 ‘ 0.33242 i‘ 0.4587 10
12 Orbit Determination & Prediction (Orbit Maint. Coll. Avoidance) 0.38510 i 0.18677 -!- 0.33705 f 0.25855 i‘ 0.4563 11
17 Focus Calibration (CalVal) 0.14976 4 0.18677 W 0.11235 9 0.18468 W | 0.4264 12
7 Anomaly Handling (Nominal Operation, Anomaly Handling) 0.21394 t 0.18677 !- 0.18725 “ 0.18468 “ 0.4253 13
11 Software Update and Management (Software and Configuration) 0.21394 0.18677 ! 0.18725 -‘ 0.18468 “ 0.4253 13
5 LEOP (LEOP and Commissioning) 012837 ¥ 0.18677 0.03745 B 0.18458 W | 0.4052 15
] Mission Planning (Planning and Scheduling) 038510 & 0.06226 B 0.26215 M 0.25855 4@ | 0.3255 16
3 Command Planning (Planning and Scheduling) 038510 @ 0.06226 4 0.26215 M 0.25855 4 | 0.3255 16
1 Contact Scheduling (Planning and Scheduling) 029952 0.06226 W 0.03745 W 0.25855 4 | 0.1759 18
Best 0.08558 0.43580 0.33705 0.33242
Worst 0.38510 0.06226 0.03745 0.18468
Average 0.21691 0.21444 0.21846 0.23188
Fig. 6 Result of Automation Priority Evaluation Framework
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