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KOMPSAT and COMS

Satellite
System

KOMPSAT-1 OMPSAT—Z - COMS KOMPSAT-3(A) ~ KOMPSAT-5 |
Launch 1999 - 2007 2006 2010 2012(2014) 2012
Orbit Altitude 685 km 685 km 35786 km 685 km 550 km
Orbit Type Sun-Synchronous  Sun-Synchronous GEO (128.2deg.E) Sun-Synchronous Sun-Synchronous
LTAN 10:50 10:50 N/A 13:30 06:00Dawn-Dusk
Mission Observation Observation Communications  Observation Observation
Electro Optical Electro Optical Oceanography Electro Optical SAR mission
Meteorology (Infrared)

Satellite
Control Center

Computer HP-9000/J210  HP-C3600,C3750 PC
O/S HP-UX HP-UX MS-Windows MS-Windows/Linux  MS-Windows/Linux
DBMS/Middle ware  QOracle/Orbix Oracle/Orbix none/MS.NET MS-SQL/MS.NET  MS-SQL/MS.NET
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® Four Subsystems in KOMPSAT-1 MCE and KOMPSAT-2 MCE

@ Telemetry, Tracking and Command Subsystem (TTC)
> S-band uplink and downlink

> Tracking and ranging
@ Satellite Operation Subsystem (SOS)

> Command processing

> Telemetry processing and analysis Integrated in one subsystem

4@ Mission Analysis and Planning Subsystem (MAPS) S
> Mission planning %
¢ mission scheduling Antenna Tracking Data

HAPS Antenna Palnting Dalela: TTC

s command planning

> Mission analysis |
) H = 0 . . I'C'Lngs ' TC ™
*» orbit determination and prediction Command Plan, Mission Timsline
< event prediction L Fuel Mass ooy
@ Satellite Simulator Subsystem (SIM) siMm |[*——| sos
> Satellite simulation T

> Operator training
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®mFive Subsystems in KOMPSAT-3 MCE and KOMPSAT-5 MCE

@ Telemetry, Tracking and Command Subsystem (TTC)
> S-band uplink and downlink
> Tracking and ranging

@ Satellite Operation Subsystem (SOS)
» Command planning

» Command processing Separated to three subsystems
> Telemetry Processing and Analysis %ﬁfbmm
& Mission Planning Subsystem (MPS)
> Event prediction | FDS [iwewsromngom| TTC
» Mission scheduling orvi 1 4 T
@ Flight Dynamics Subsystem (FDS) l"’ﬁfai”” Fm:F:aH
> Orbit determination and prediction Sl p
@ Satellite Simulator Subsystem (SIM) s b F
> Satellite Simulation L SIM *$ $0S
> Operator Training ™
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Antenna
Tracking Data

Precise Orbit Determination (POD) -
. Precise Orbit Determination . TTC
. Simulated DGPS Data Generation A
ntenna
Pointing Data
. GPS Data
. SOH TM
. . . . TC Logs
Mission Analysis (MA) Mission Planning (MP) .
. Operational Orbit Determination System Event Prediction SOS
. Orbit Prediction Managemen ' —*

. Mission Scheduling
. Command Planning a?srglrgr?rﬁmp;ige
. Ground Track Display ’

. Orbit Maneuver Planning (SM)
. Attitude Maneuver Planning
. Fuel Accounting

. Orbit Propagation Data
. Remaining Fuel Data

—> SIM
User Interface

MCE

| |
. Mission Timeline . Payload Missi
. Orbit State Data Operational : it - Mission -

Orbit State Antenna Initial DGPS Dat W th Dat . . . X=-band
_POD Result Data Request . ~ ata eather Data Timeline * ) o5 pata
. Payload Operational . Antenna Data Tracking Data Orbit Element . ECF Data
Request Confirm Angle Data ‘
\
IRPE External Launch IGS Weather APS
GS Site Site Source
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Dual Display One Computer

Image Reception

and Processing
__ C Elements (IRPE)
PC(CFI for APS) MCE Laserdet Printer

External Link

Tracking,
Satellite Operations Telemetry and Satellite Simulator
Subsystem(SOS) Command Subsystem(SIM)
Subsystem(TTC)
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KOMPSAT-2 MAPS Operational Flow
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o 6/5 Contt Ecse Tme
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Schedue
(08 foral)
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Schedulng

Schedue Confim to
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Mission Planning

Mission Timgling
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Mission Schedulg
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On-board X-band
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Command 0B

Command
Planning
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(XML fomet i)
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Ewent Pridiction

11.085 47.8¢E 4441 TAEJON-5 127.36 36.4
127 37 4442 TAEJON=->127.36 36.4

Shomefkompsat2/maps/data/ms/schreq/SRF_IRPE_20020214_1.DAT Fhome/kompsat2/maps/datafom/fresult/orb_man_200202 14.dat
Shomef/kompsat2/maps/data/ms/schreq/SRF_USER_200202 14_1.DAT
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Schedule ltem

.-X_-C-Dntac:t_.l..l.p.l.uad.
.S_Cuntal:t_l.lpll:lad
Dump_SoH

| [Msc

| Dump,image

26541

[:=12454

30 Minute Mode

exclusive constrainted calendar error. check the start time or stop time of constrainted task

157 image 10 Memory out of minimum value of resource. task cannot make current value of rsource less than it’s minimum walue
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Command Planning

Load Mission Scheduling Data

~ Ground Station Contact Plan

Station Contact Start Time
2003/01/10 02:10:01.000

Pass Number

r- 16304 2003/01/10 03:37:13.000
E-16310 2003/01/10 13:54:25.000
B-16311 2003/01/10 15:31:35.000
B-16317 2003/01/11 00:54:05.000
H-16318 2003/01/11 02:30:30.000

16324 2003/01/11 12:53:04.000
r- 16325 2003/01/11 14:27:31.000
r- 16326 2003/01/11 16:05:37.000

16331 2003/01/11 23:54:28.000
o 1R229 ann:/n4/49 n4-28.20 nnn

Station Contact End Time |Duration |Elevation angle

2003/01/10 02:10:24.000 23

2003/01/10 03:45:27.000 494
2003/01/10 14:07:15.000 770
2003/01/10 15:44:07.000 752
2003/01/1101:06:11.000 726
2003/01/11 02:43:35.000 785
2003/01/11 12:59:51.000 407
2003/01/11 14:41:07.000 816
2003/01/11 16:16:09.000 632
2003/01/12 00:00:08.000 340

aAnn2/n4 /172 N4.20-57 nnn_709

o Y e Y e [ e Y e Y e Y e Y e Y s Y e

Loaded Mission

—Selected Mission

Name

OK

Start Time | Name Start Time

Sat Jan 11 14:27:31 2003 ¥ _Contact_U
Sat Jan 11 14:28:45 2003 Dump_lmage
Sat Jan 11 14:33:46 2003 Dump_lmage

=

=5
A | ]
Remove Mission from Scheduling |

#-Fri Jan 10 13:00:00 2003 MSC
w-Fri Jan 10 18:19:10 2003 MSC
m-Sat Jan 11 02:28:25 2003 MSC
p-Sat Jan 11 02:30:30 2003 X_Contact_Upload

Al [ P

Make Clear Selected Mission |

Pass Number: 16311 Ground Station : TAEJION-5 Contact Mode : PE
Contact Time AOS LOS Duration
ANT-TRACK 2003701,/10 15:31:35.000 2003/01,/1015:44:07.000 12 min 32 sec
CMD 2003701 /10 15:32:56.000 2003/01/10 15:42:45.000 09 rin 49 sec
TLM 200301 /10 15:34:06.000 2003,/01,/1015:41:36.000 07 rrin 30 sec
X-TLM Mane Mare Mare
NUM | Execute Date Time I Cotnmand Type I Commnand Mhemaonic | Arguiment / Address Description

1 RT CCLRCIE For ATC CEC Buffer Clear

2 RT ACLRCIE For ATC RDU Buffer Clear

3 RT ECLRCIE For ATC ECU Buffer Clear

4 RT KPC_g_cmeal_5_ @1 value=0.0

5 RT KPD_g cme 5_G2 walue=0.0

<] RT KPD_g cmo_5_Q3 value=0.0

7 RT KPD_g_cmo_5_Q4 value=0.0

g RT KPD_g_ ool 5_Q1 valug=-0.019373

9 RT KPC_g_cmc_6_Q2 value=0

10 RT KPD_g cmeo B_Q13 valug=0

11 RT KPD_g_cmo_6_@4 value=0.999512

12 RT KPD_g_cmo_7_i1 value=0.0309215

13 RT KPD_g cmol_7_Q2 value=0

14 RT KPC_g_cmcl_7_Q3 value=0

15 RT KPD_g_cme_7_C4 valug=0.999522

16 RT AFRCECRC

17 RT ADRPREN add=1e75 leng=43

18 RT ADMPSET

19 RTCS PB_MSC CBC=31 Mohie

20 2003/ ,/1013:0:1 4 ARTCSEXC B_RTCEID=#181 Execute RDU RTCS

21 200344 /10 13:5:1 1440 CRTCSEXC B_RTCEID=#241 Execute OBC RTCS

22 2003,/ ,/1013:6:12 44 AS1ATEN B_SADA_TREANG=0.0 Enable SADA Axis Track Using GRND An

Z3 2003/1/1013:8:12 450 ACMDLYLH B_=C_QUAT=5 Zelect Commanded LvLH Quaternion

24 RTCS PE_MSC OBC=32 Nane

25 2003/1/1018:19:11 4 ARTCSEXC B_RTCEID=#181 Execute RDU RTCS

26 2003/ ,/1018:25:11 1440 CRTCSEXC B_RTCEID=#241 Execute OBC RTCS

27 2003,/ ,/1018:25: 22 44 AS1ATEN B_SADA_TREANG=145.734 Enable SADA Axis Track Using GRND An

28 2003/1/1018:27:22 480 ACMOLVLH B_SC_QUAT=6 Zelect Commanded LYLH Quaternion

28 RT CHROCECRC

30 RT CDMPRTCS CBC=31

3 RT COMPRTCS CBC=32

=l [ =

Edit Comtmand I

Delete Command |

lhzert Commandd I $1.startatc -

Insert RTCS |

Load Command Plan I

Store Command Plan |

Generate Transfer File I

Generate Repart File Transfer Data

Cancel
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e Reason for SeparEon of MAPS Functions

@ Specialties in satellite operation people — one people not for all operations
+ Flight dynamics
+ Mission planning
+ Command operations
@ Intensive work required in KOMPSAT-2 mission planning due to many
observations in the world — 1m resolution image
+ Inconvenient to share one MAPS computer by two operators (FD and MP)
+ One more MAPS computer installed — same functionality but different usage

& Next satellite mission
+ KOMPSAT-3is for EO mission with agility — New functionality required
+ KOMPSAT-5 is for SAR mission - New functionality required

@ Flight dynamics functions
+ general functions can be added for different satellite missions
@ Mission planning functions
+ special functions should be replaced for different satellite mission

@ KOMPSAT-2 MAPS functions are separated and allocated to FDS, MPS, and
SOS for KOMPSAT-3 MCE and KOMPSAT-5 MCE
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K-2MAPS  K-3MPS  K-5MPS

K2 MAPS K3 MPS

MA MP POD SM MP SM XAPG

Command Planning Command Planning
- Performed by MP - Performed by SOS

- MPS provides the Pass Plan

Ground Track Data Ground Track Data
- Generated by MA - Generated and Used by MPS
- Used by MP - FDS provides Orbit Data

Additional Functions

- Imaging Area Display

- X-band Antenna Pointing Data Generation
- Guidance Profile Generation

- Communication Coverage Analysis

- Agility Management

Mission Planning - Various Imaging Modes and scenarios
K3 MPS K5 MPS
MP SM XAPG MP SM
Weather Source interface Removal of Weather Source Interface

FDS: Flight Dynamics Subsystem

MA: Mission Analysis

MP: Mission Planning Attitude Maneuver Planning Addition of SAR Imaging Planning

MPS: Mission Planning Subsystem - Removal of Attitude maneuver planning
POD: Precision Orbit Determination :ig::z:g: 2:ﬁ;;:g'ﬁf:::i:;ﬂiia""mg
SAR: Synthetic Aperture Radar

SM: System Management

SOS: Satellite Operations Subsystem Rem°"a'G°;n)§ ;ﬁ:i':::‘A"te""a FELLE L]

XAPG: X-band Antenna Pointing data Generation
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K-3FDS

K-5 FDS

K-2 MAPS

K3 FDS

MA MP POD SM

MA

POD SM

Additional function
- Osculating to Mean Orbit Conversion

Additional function
- Mean Orbit Propagation

Additional function
- Semi-autonomous function for POD

K3 FDS K5 FDS
MA POD SM MA POD SM
. . Addition of Ground Track Maintenance
Flight Dynamics Maneuver
Addition of Ground Track Deviation Prediction
AOPOD: Atmospheric Occultation POD
FDS: Flight Dynamics Subsystem Addition of POD by AOPOD Dual Freq GPS Raw
ILRS: International Laser Ranging Service Data
MA: Mission Analysis
MP: Mission Planning Addition of POD by SLR Data
MPS: Mission Planning Subsystem -ILRS Site Interface
POD: Precision Orbit Determination
SAR: Synthetic Aperture Radar
SM: System Management
SOS: Satellite Operations Subsystem
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Development of K-3 and K-5 MCE

v ———— U

@ Design Characteristics
+ Objected-oriented analysis and design methodology
+ Heritages from KOMPSAT-2 MCE used for risk mitigation and cost reduction

+ Co-work with AIT Team to develop the core modules in commanding and
telemetry system

& Development Environment
+ Operating System
@ Windows (SOS, SIM) : co-work with AIT
@ Linux (MPS, FDS) : Re-use the heritage from K-2

+ Language: C++ (SOS, SIM), FORTRAN, C++(MPS, FDS)
+ DBMS: MS SQL Database (SOS), Binary File (SIM)

+ Middleware: Microsoft .NET framework

+ GUI Tool: Nokia(Trolltech) QT, Component One

+ Design Tool: Star UML

ETiIRI 13 GSAW 2012



KOMPSAT-1 MAPS and KOMPSAT-2 MAPS

Bl T T e

Mission Analysis and Planning System

BHEBRN AL BEE@D F Y

I Mission Analysis and Planning System |

KOMPSAT-2 Mission Analysis and Planning System
OD and OP | Orbit Maneuver | Fuel Accounting | Mission Planning | Precise OD | System | utilities |

«R%

TLEOD

Group | Process| Logout

Orbit Determination

KOMPSAT-2 Mission Analysis and Planning System
0D and OF | Orbit Maneuver | Fuel dccounting | Mission Plrring | Precise 0D | ystem | Utites |

" | A =

GTD MT

£ Running!) {FRunning!)
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-3 MPS

Kompsat3 MPS System

K-3 FDS K-5 MPS K-5FDS

Mission Planning | System | Utilities | ETC |

) 22

SYNCH HELP

Group Process | Logout

Kompsat3 FDS System

0D and OP Orbit Maneuver Ewent Prediction I Fuel Accounting Precise OD l GTD l System Utilities
f
)
L
oP 00D TLEOD OSMEAN MOP GTs
Group Process Logout
Two Line Element 0D
Kompsat_5 MPS System |
Mission Planning | System | Utilities | ETC |
EP MS GTD MT
Group Process Logout
KOMPSAT-5 MPS Event Predictor

Kompsat5 FD5 System E,

0D and OP Ewent Prediction Fuel Accounting | Precise OD System Lhilities ETC

Orbit Maneuver

YRRy

TLEOD OSMEAN

[r]

Two Line Element OD

Group Process Logout
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Conclusions

& Four Subsystems Structure Implemented for KOMPSAT-1 and KOMPSAT-2
Mission Control Element (MCE)

+ Flight dynamics, mission planning and command planning functions integrated
into Mission Analysis and Planning Subsystem

& MAPS Functions Separated and Allocated to FDS, MPS, SOS for KOMPSAT-3
and KOMPSAT-5 MCE

+ For convenient operation of the subsystem by operator specialties

+ Due to different characteristics of FDS and MPS
@ FDS — general functionality satisfied for all satellite missions
@ MPS — special functionality required for each satellite mission

& Five subsystems structure is now well established for KOMPSAT and COMS
satellite mission control
+ TTC, SOS, MPS, FDS, SIM for KOMPSAT Mission Control Element (MCE)
+ TTC, ROS, MPS, FDS, CSS for COMS Satellite Ground Control System (SGCS)
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COMS SGCS Functional Structure

ETRI

coms

&
§
>
&
had

D

Satellite Ground Control System

Mission Plannig
Subsystem (MPS)

- Mission Request Gathering
- Mission Scheduling
- Mission Schedule Reporting

(SGCS)

Telemetry, Tracking,
and Command (TTC)

- Telemetry Reception

- Command Transmission
- Tracking and Ranging

- Control and Monitoring

Real-time Operations
Subsystem (ROS)

- Telemetry Processing

- Telemetry Analysis

- Command Planning

- Telecommand Processing

Flight Dynamics
Subsystem (FDS)
- Orbit Determination
and Prediction
- Station-Keeping and
Re-location Planning
- Satellite Event Prediction
- Satellite Fuel Accounting

COMS Simulator
Subsystem(CSS)

- Satellite Dynamic/Static
Simulation

- Command Verification

- Anomaly Simulation
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