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What is the KARISMA?

KARISMA
— KAri Space debris RIsk MAnagement system

Developed by KARI (Korea Aerospace Research
Institute)
— 2011.1 ~ 2013.12 (3 Years)

Motivation of developing the KARISMA
— To monitor and deal with the collision risk for KARI Constellation

Daily Operation at KARI Ground Station since Aug.
2014
— 4 LEO satellites (KOMPSAT), 1 GEO satellite (COMS)

Total solution tool to make a decision if a collision
avoidance maneuver (COLA) is finally needed



What features are in the KARISMA?

 Developed by mainly based on proven AGI’s
software
— STK/Engine, Astrogator, STK/PRO, STK/AdvCAT, ODTK

e Various optimization algorithms for generating COLA
planning
— Using MATLAB Global optimization toolbox

— 7 different optimization algorithms including heuristics algorithm
like GA, PSO, etc

 Developed by C# language
« 2D, 3D Display for conjunction events

 Using JSpOC’s TLE catalog and CDM

— Automated process with TLE catalog and CDM
— Trend Analysis with CDM Archive

» Various Type of Threshold for Conjunction Events



What features are in the KARISMA?

* High precision OD using ODTK
— To process RADAR and Optical tracking data for space objects

 User Friendly Interface
— Designed by satellite operations experts

* Very Intuitive and easy operations
— Reflect satellite operations experience
« Sequential processing easily

 Automated E-mailing service with daily analysis
report

 Automated Text Messaging Service whenever
JSpOC’s CDM is arrived

* Fine Conjunction Assessment using JSpOC’s CDM,
High precision orbit from O/O or Radar/Optical POD



Processing Flow

Precise orbit Precise space debris
information of Orbit determination by
owner/operator satellite using tracking data

e Collicion Yes | - Avoidance
Coarse Fine Avoid Collision Avoidance Maneuver Result
Assessment Assessment Ul Maneuver Design Analysis
: .. Condition? :

Assessment

TLE catalog from CSM/CDM from
JSp0C JSp0C

Termination




Functions

« KARISMA consists of four major modules
— SMM : System Management Module
— CAM : Conjunction Assessment Module
— AMM : Avoidance Maneuver Module
— ODM : Orbit Determination Module



SMM : System Management Module

¢ System management
 Database management
« External interface & Download
e Support
— JSpOC’s CDM History & Archive
— System log
— Global monitoring using TLE catalog
— Reporting & E-mailing & Text message automatically



Edit File View Tools Windows Help Member

KARISMA [ KSFDS

- Scheduling Setup

- Satellite&Object DB

Tracking Station DB

- FTP Download&Upload

- Tracking Data&Request

. JSpOC CDM Archive

5 Log History
+Conjuction Analysis
= Orbit Analysis
» Maneuver Planing
> Qutput

4 System Management

Event Log

Current Status

Sateliite

Time To TCA

Radial(km)

OMPSAT- | C7-2C DEB 8433 1 8:40 14-07-19 18:06 g ; 0.213 85
KOMPSAT-3  |38338 | TZINGHUA 1 63859  |38:23.15 014-07-20 07:41:21 516E 0106 04%6

OD Status

KOMPSAT-3

-07 01:

Start Time
161

01:59:44

KOMPSAT-2

24 14:50:40
1

00:20:24

KOMPSAT-2

6 17:09:30

02:39:14




Satellite DB Ul

Setup 3D Model for User's
Satellites

P

Edit File View Tools Windows Help Member
KARISMA |KSFDS Satellite DB
= System Management Norad [0 38338 Satelite Name KOMPSAT-3 Model C:¥¢¥Karismaimage#kompsat-3. mdl m
Scheduling Setup Ot Type Area IR Mass 890.0- kg Fuel B5. 71 kg
- Satellite&Object DB iEuiEE 200.5%] s BrsluE m Thruster 1735 N Radial 10.0F m
- Tracking Station DB 300 10.0 5531 2000
Tk S D8 | e n oo T B e o Pepeat ot
Tracking Data&Request Norad I Satellite Name Orpit Type  Area(nt) IWass(ka) Fuel(ka) Impulsels)  Radiusim) Thruster(t)  Radiallm)  In-Trackim)  Cross-Trackim)
JSpOC CDM Archive 36744 COMS-1 GEO 7 1800 300 205 5 17.27 10 40 20
- Log History 26032 KOMPSAT-1 LEC 5 765 a5 205 5 17.27 10 30 10
i K i 29268 KOMPSAT-2 LEO 7.93448 744,144 46,3124 200.53 5 17. 10 30 10
=Conjuction Analysis K LEO E: £5.7 5 [ 10 30 10
- Orbit Analysis %27 KOMPSAT-S 515 N 6302053 I T R
#Maneuver Planing
@ Qutput
, .
Database for User's Satellites
[ New H Modify: H Delete
Event Log
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Edit File View Tools Windows Help Member

KARISMA  KSFDS

System Management
- Scheduling Setup

Satellite&Object DB
Tracking Station DB
RFTP DovnioadsUpbad
Tracking Datad&Request
JSpOC CDM Archive
--Log History
Conijuction Analysis
Orbit Analysis
Maneuver Planing
Output

Event Log

FTP Download Ul

TLE Download

Uszer haedkim

Password 00000000

Downlad Time 09:57:26 5| ¥ Every

Downlad Now [j

Next Download Mot Setup Time

User
Satellite
10D Stack File

[ Prediction File

Downlad Time  03:57:26 -~ [0 Every

Downlad Now [:

Downlad Mow Al [ ... | [ Selected

CDM Download

User acjung
Password 0000000

302 minute Download Time 09:57:26 5| @ Every 302 minute

Download Now E

Next Download Mot Sstup Time
Ground Station Data k

NORAD TLE Download

[ G0 Ephemeris Fie

[ Tracking Data

5.0 Hour

[ New |[ Modify || Save || Gancel |

Information of Ground
Station

IGS Download
Download Time 09:57:26 - # Every 301 minute

Download Now 2014/07/21 [ .. |

IGS DATA Download

JSpOC CDM Download




Global Monitoring Ul

Option for View-point

) Constellation

- ) ) . . . Time
Universial Time
KST

Option

Satelite (coms-1 7
View From Satelite  ~|[Apply ‘
Animation

Start Time 2014/07/21 11:31:31
End Time 2014/07/21 11:31:31
Play Mode |Real Time ~| [ Apply |

prnnnonn

Animation Button

KARISMA




CAM : Conjunction Analysis Module

« Screening (Coarse Assessment)
— using TLE catalog
— Automatic processing by scheduling
 Fine Assessment

— using various orbit source including CDM, precise
orbit by o/o, POD by radar & optical measurement

— Send conjunction events to AMM for COLA planning
« JSpOC’s CDM assessment

— Using JSpOC’s CDM

— Automatic process when CDM arrives
 Support

— Trend analysis

— Conjunction Geometry analysis using VDF



Trend Analysis of Conjunction

 Events update time vs. Miss Distance at TCA

 Events update time vs. Collision Probability at TCA
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3D Conjunction Analysis

Covariance Ellipsoid
RIC Distance
Conjunction Geometry

Animation

Covariance of Secondary
object

Covariance of Primary
object (User's SAT)




Edit File View Tocls Windows Help Member

KARISMA |KSFDS

= System Management
S Con uctlon Analysis

-

Orbit Analysis

: Maneuver Planing
Output

Event Log

Screening Setup Ul

Orbit source for User's Satellites Orbit source for Space Objects

Screening Setup

Primary Secandary
Satelite [KOMPSAT-2 -] Orbit Source |Ground Station Data < Orbit Source [NORAD TLE Cataog -]
Covariance Fle Radial m In~Track | 20.0% m Cross—Track | 1001 m
Radial m In-Track  20.0 m Cross-Track | 100 m
Satelite I Satelite Orbit \ \Orblt source Radial(rm) In-Track(m) Cross-Track(m) Covariance File Path
36744 |COMS-1 \GEO atdog |5 20 10 B
26032 KOMPSAT-1 LEC loJe] 100 100 100

KOMPSAT-3 5
KOMPSAT-5

Covariance Value
(or using Covariance File)

New H Maodify H Delete

(
(2014-0
(2014-0
(2014-07-
(2014-0
(2014-0

2014-07-21 14:18:22)S - VO » Overlay Add "C:WKarismaimageWlogo. png” X Origin Right Y Origin Bottom Transparent On WindowlD Al 2
721 14:18:21)S = VO » Overlay Madify "AGIlogo_small. ppm” Show off WindowlD Al E|
7-21 14:168:08)S — ACAT */AdvCAT/ TrendAnalysisRun_AdvCAT Compute ShowProgress On
7-21 14:168:08)S — ACAT */AdvCAT/ TrendAnalysisRun_AdvCAT Secondary Add "12987.sa" 20000 20000 20000
7-21 14:168:08)S — ACAT =/AdvCAT/ TrendAnalysisRun_AdvCAT Primary Add "KOMPSAT-5,53" 20000 20000 20000
7-21 14:168:08)S — ACAT =/AdvCAT/ TrendAnalysisRun_AdvCAT PntToPnt On

<

m | 3
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Monitoring Ul

Screening using TLE catalog

Satelite Min. Range(km)

Modify threshold & Refreshing

Radial(krm)

In-Track(km)

Cross-Track(km) Start Time

24:34:17 2014-07-22 1414354 |KOMP 08 -4.43 014-07-22 14:43'54 | 2014-07-
26116130 2014-07-22 16:26:07 |KOMPSAT-3 138338 |CBEFS 1 DEB | 3207 T T — |2.809E-07 3.916 2.151 -0.618 '\, /2014-07-22 16:26:07 2014-07-
:\‘7 PV EYaE I et B Ca N e il a Y = I [ V7o O [ Yo W S ] PaYaYaYa¥all Fat sl mia) |nm';wmn B WY ET Y acea Falratatat EEWaYa¥] \#\r\r\ln A AN AT Enmd anda no
LEO | 50000012 [Min. Renge(km) - GE0 10.00000% Min, Range(km) -|[ Modify | [ Refresh | Refresh | Trend Analysis | | Report || Graph
Fine Assessment
To COLA  Time To TCA Satelite Orbit Source Measurement Type  C
No 38:29:34 2014-07-23 04:39:11 | 2014-07-21 14:08:29 |KOMESAT-1 TLE Catalog COSMOS 2251 DEB NCRAD TLE Catalog
No 27140124 2014-07-22 17:60:01 [2014-07-21 14:08:33" #SAT-1 26032 TLE Catalog STEP 2 23105 NORAD TLE Catalog - Wil |
ho 562214 2014-07-23 22:3161 [2014-07-200  _AMPSAT-2 29268 Ground Station Data |CBERS 1 DEB 31681 NCRAD TLE Catalog - Wi
ho 43:33:05 2014-07-23 15:42:42 V KOMPSAT-3 38338 TLE Catalog 5L-8 R/B 04579 NCRAD TLE Catalog - Wi
Fine Assessment using precise orbit :
Km) [ Trend Analysis || Report || Grash || Delete || Manual || Send To COLA |
JSpOC CDM
TCA Issue Time Satelite D Frame Object D Frame CDM Date Min. Rang

To FA Time To TCA

CDM Data Display

o

| Send To Fine Assessment




Conjunction Analysis

SMM Scheduling UI

Scheduling
Satelite [KOMPSAT-2 -] Orit Type LEO
Time Alarm Prediction duration

© Fixed Check  © Periodic Check CA Waming | 3.00000} [Min, Range(Km) -/ | Orbit Type Duration | 3

Time 01:52:50 [ | 15 [Hour -| FA Warning | 1.000001 [Min, Range(Km) -1 Alarm Apply J

Satellite Check Time Time Periodic Unit CA Unit FA Unit Duration Unit

COMS-1 |Fixed |01:55:00 |- = |5 |Min. Range(Km) 13 [Min. Range(Km) 13 |Day
KOMPSAT-1 Fixed ITTAB = = 3 Min. Range(Km) 1 Min. Range(kKm) 3 |Day
KOMPSAT-3 _ |Fixed 17:42:00 = = 3 Min. Range(Km) 1 Min. Range(Km) 3 Day
KOMPSAT-5 Fixed 15:31:00 = = 3 Min. Range(kKm) 1 Min. Range(Km) 3 Day

Z

7 Monitoning R
Screening

- Satelite

DELTA 1 DEB

30:05:15 2014 KOMPSAT=1 9 05
37:58:01  2014-07-30 10,400 KOMPSAT-5 30227 BREEZE-M DEB s 1501

. Probability  Radal(km)

06 0 8

In-Track(km)

0.052

0,311 (e
0.32 -0.225 2014-07-30 06 053

Cross-Track(km) Start Time

Min, Rangelkm)

LEOQ

Fine Assessment

3000001 [Min, Range(Km) x| GEC

10.00000 2 [in. Fiange(m) |

Modify || Refresh | Refresh

[ Trend Analysis | [ Report |[ Graph |

Object

Orbit Source
DELTA 1 DEB T

LE C:

Measurement Type CSM Status

L]

[
Min. Range(krm)

LEO 1 GEO 3 Mn, Ranoe(Km) | Trend Analysis || Report || Gieph || Delete || Manusl | Send To COLA |
JSpOC COM
To FA Time To TCA TCA Issue Time Satelte [in] Frame Object L] Frame COi Date AN, Ran

| Snow COM File | [ Send To Fine Assessment

Min. Bange

(km)
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Fine Assessment (Manual)

« Manual Analysis using provided orbit source by user

* |nput : orbit source, covariance (File)

ol Fine Assessment Manua

KOMPSAT-5 L

Orbit source directory

Orbit Source [POD Ephemeris

]

Fle Mame
[0 Covariance File
f Radial 5.0 m

In-Track = £0.0 w7

C ¥¢KarismaEA_EphemensKOMPSAT-5. e E

Cross-Track | 10,01 nr

OSMOS 1328

Orbit Source [POD Ephereris

File Mame
[ Covariance File
Radia | 5.02

Orbit Source

Object D Orb\t Source

COSMOS_13268 12967 POD Ephmens

Measurement Typ

In-Track | 20.0/2 nf

~| hMeasurement Type

O ¥Karisma¥FA_Ephemerisy 12987 e E

Cross-Track | 10,01

Covariance input

ical Probal »| ||

1 836E 008 1. 836E 008

30227 POD Ephemens Fadar 4186
39227 POD Ephemeris COSMOS_1328 12987 POD Ephemeris  |Radar 5 766 1.435E-008 1.436E-0083
39227 POD Epherneris COSMOS_1326 12987 PCD Ephemeris  |Radar 8712 1.301E-008 1.301E-008 |
39227 POD Ephemeris COsSMOS_1328 12987 POD Ephemeris  |Radar 8817 1.594E-008 1.584E-008 b
39227 POD Ephemeris COSMOS_1328 12987 POD Ephemeris  |Radar 12.829 1.059E-008 1.059E-0083
39227 POD Epherneris COSMOS_1326 12987 PCD Ephemeris  |Radar 13.599 1.242E-008 1.242E-008
39227 POD Ephemeris COsSMOS_1328 12987 POD Ephemeris  |Radar 17.357 7. 722E-009 7. 722E-009
39227 POD Ephemeris COSMOS_1328 12987 POD Ephemeris  |Radar 18.46 8.652E-009 8.652E-009

I 39227 POD Epherneris COSMOS_1326 12987 PCD Ephemeris  |Radar 22.088 5.017E-009 5.017E-009
39227 POD Ephemeris COsSMOS_1328 12987 POD Ephemeris  |Radar 23.394 5.362E-009 b, 362E-009
39227 POD Ephemeris COSMOS_1328 12987 POD Ephemeris  |Radar 26.953 2.892E-009 2.892E-009
39227 POD Epherneris COSMOS_1326 12987 PCD Ephemeris  |Radar 28.397 2.945E-009 2.945E-009
20957 Dﬂ‘ﬂ Frhernarie COSMOS 1208 (19087 BN Frhamerie L:zlmgr 21 071 1 A73F-NNa 1 AF2F_NN0 2

[ Run

|| Add




Trend Analysis

Satelite  KOMPSAT-5 Object COSMOS 1328 TCA 2014-07-22 00:34:89
Threshold 100012 km Min. Range 1.272 km Max. Probabiity 1.886E-06
Start Time 2014/07/21 20:34:6815  Stop Time  2014/07/22 04:34:59 Half Period 4:
Trend Analysis
16 I T T T T T T T T T T T T T E 10-5
14 1 Max. Collision Probability
12 1 +10°
A 5 z
% 10 £ 1 =
> 3
g 8 1 + 107 8
& ] =
£ 6 1 ] %
= =
4 + 108
2 1 Min. distance
0 ; ; ; | ; ; ' | ; : : | : : ; | | | : 10_9
20:00 22:00 00:00 02:00 04:00 06:00
Hour
[—=¢— Min Range —¥— Max Probability |
step | T&[Hour -J[ Run |
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Conjunction Geometry (VDF)

Time To T te ) ) m) & ) In-Track(km)

Secondary
object

Primary object

Covariance
ellipsoid

Eagth Inertial Axes
22 Jul 2014 02:10:43.874 Time Step: OlOIgeﬂcRiShﬁA

o

2D Display
e

KOMPSAT-5 ICR fxes

22 Jul 2014 02:10:43.874 Time Step: 0.10 sec . KARISMA




Conjunction Geometry (VDF)

BeforeMnvr-To-Objectl AER. { A ;
Time (UTCG): 12 Dec 2014 1’7:4‘2:50.402 After Av0|dance

Azimuth (deg): . 1190.256 Maneuver
.Elevation (deg): | 3.984 _

Rangq'(km): ' . 0@797442

AfterMnvr-To-Objectl AER . ° |
Time (UTCG): 12 Dec 2014 17:42':‘;\50.402
Azimuth (deg): 3\‘56.140
Elevation (deg): . . +5.074

Range (km): X © 2.:iT11871
. . |

Threatening ( Before Avoidance
Space Object I Maneuver

Blbjectl s
12 Pec 204 17p42850.402 Time Steps ©.884




AMM : Avoidance Maneuver Module

« Generate Collision Avoidance (COLA) Maneuver Plan
— Transferred from Event list of CAM Fine Assessment

e Optimization COLA

— 7 Optimization algorithms including heuristic algorithms
like GA, PSO

* Multiple, Complex Targeting
— Against for Multi-threatening objects

— Considering various operations conditions
« Ground-track maintenance, station-keeping

e Support
— Monte-Carlo simulation
— Post COLA burn analysis
— Re-assessment after COLA
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Flow-chart of COLA planning

Select and Transfer Event at FA

Select Event at AMM

Select Optimization Goal
Input Desired Values
Select Control Parameter

Select & Input Constraints

Select & Input Optimizer Setup

Select Maneuver Strategy

Run

Result

Monte-Carlo Simulation,
Post Maneuver Analysis,
Post Screening

Save & Execute
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COLA - LEO CASE

Main
Edit

KARISMA KSFDS

= 8ystem Management
cheduling Setup

atellite&Object DB

File View Tools Windows Help Member

Maneuver List
Plan Send  Selection

Creation Time
2014-07-21 14:55:55

Issue Time

Targeting
Crbit Type |No, of Target Object | Optimization Goal| Desired Value | Gontrol Parameters | Constraints

@

Targeting

racking Station DB
TP Download&Upload Event for COLA
racking Data&Request

- JSpOC CDM Archive ‘ I

Log History
Conjuction Analysis
- Screening Setup

Orbit Analysis
Maneuver Planing
Output

Analysis Time
Start Time  2014/07/30 00:00:00 = UTC
Stop Time 2014/07/31 00:00:00 =

Narmal Simulation

Oroit Type (N0, of Tardet Chiect] Optimization Goal | Desired Value | Control Parameters | Constraints

@

Targeting
| Orbit Type | No. of Target Obiect | Optimization Godl |Desired Value | Control Parameters | Constraints
Freference

Winimize Delta Y

© No Preference © Decreasing Altitude

[ Maximize Maneuver Cycle
@ |ncreasing Altitude

[ Simple Avaidance Maneuwer

Targeting
| Crbit Type|No. of Target Object| Optimization Goal \Desied Value | Control Parameters | Constraints

km  © Radial Distance
o Anahytic Probability

® Min, Distance 2
© Max. Probability

km @ Mumeric Probaility

Targeting

Orbit Type |No. of Target Object | Optimization Goal | Desired Value | Control
® T~

Targeting for COLA

Monte Carlo Simulation

Option Position Error | Thruster Error|
Sigma Solution Number Samplin
Input File peﬁh4

fenilog | Monte Carlo simulation

2014-07-21 1457
2014-07-21 14:57:24)S - Graphics * Backaroundmage UseBingMaps Off BinaMaps Type Road

E C¥KansmawimageWBasic. brp" Wind
E2014707721 14:57:24)S - WO » Overay Add "Ci¥Karsma¥imageylogo, png” XOrigin Right 'Y Origin Bottom Transpe|
(
(

4l = arapnics * backgroundimage show LN magerile

2014-07-21 14:57: 2405 - VO » Overlay Modify "AGI Iogo_small ppm” Show off WindowlD Al
2014-07-21 14:65:089)3 - hitialState /Satelite/RiskCbject Import STKFle C:4¢Karsma®FA_Ephemens¥36261 e
2014-07-21 14:65:08)S - Propagate */Satelite/KSAT "30 Jul 2014 00:00:00,000" "31 Jul 2014 00:00:00,000"

< i

Targeting
| Qrbit Type [No. of Target Object | Cptimization Goal |Desired Value| Control Parameters | Constraints
Velocity Maneuver Time prior to TCA
1 Al 0 Vr Vi R @ Fixed  TCA From =3 Hr
> Variable  Stop Time 2014/07/30 15:17:55 + UTC
Targeting
Orhit Type|No. of Target Chiect | Optimization Goal | Desired Value [ Control Parameters| Constraints
Del -V Lower Limit | —1.0% m/s Upper Limt 1.0 m/s
1 Bum Duration Mai, 0.0 sec
7 Ground-Track Deviation O km




COLA - LEO CASE

Orbit after COLA

-
o5l Avoidance Maneuver Result

Number of Solution [No1 - Before Maneuver After Maneuver L—
o Semimajor Axis 7068.014 krn Semimajor Axis 7058163 K
4 Eccentricity 000214 Eccentricity 0.00213
. Inclination 98. 13200 deg Inclination 958.13200 deg
Orbit before COLA AN e deg | RAAN 150.27400 deg
Argument of Perigee 10411200 deg Argument of Perigee  103.70200 deg
True Anomaly 226.01200 dea  Tiue Anomay 226.42200 deg
Avoidance Maneuvert Avoidance Maneuver? |
Burn Start 2014-07-30 15:17:66  UTC  Bum Start UTc
4 Intrack Deltay/ 0.07540 m/s  Intrack DeftaV/ m's
Radial Deltay 0.00000 m/s  Radial Delta¥ m/'s
COLA Plan Crosstrack Deltay ~ 0.00000 m/s  Crosstrack Deltay/ m/'s
Burn Duration 409151 SEec Burn Duration SEC
Used Fuel 0.03533 kg Used Fuel kg
Maneuver Result
I Fit 1 0.07940 DettaV/ 0.07940 m/s
_—== i Chan's Probabilty  0.00000
Result of COLA Min Renge 2.00001 km | Patera's Probebilty  0.00000
Maneuver Cycle 0.06711 Day  Alfano's Probabiity  0.00000
Radial Distance -0,02367 Ma. Probability 0.00000
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COLA - LEO CASE

HE Avoidance Maneuver Plot g‘
Available Selected Image
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Monte Carlo Simulation

* Orbit uncertainty
e Thruster error

35 T T T T T

30

Available Selected Image

MonteCarlo_Crosstrack
MonteCarlo_Primary_X

N
(93]

35

MonteCarlo_Primary_Y 2
MonteCarlo_Primary_Z
MonteCarlo_Radial >
MonteCarlo_RelativeVelocity > 20
MonteCarlo_Secondary_x1 i o
MonteCarlo_Secondary_Y 1 ks [}
Il [MonteCarlo_Secondary_Z1 =)
10 U-
10 E
| 5 3 [T 1 5
\ 85 .llL| 15 2 25 III:{ - 35 087
| Min Range (km)
i 35 1 0
30
Selected » 5--

MonteCarlo_Range
MonteCarlo_Intrack
MonteCarlo_ApproachingAngle
MonteCarlo_RadialDistance
MonteCarlo_InTrackDistance

0
05 1 15 2 25 3 35

L L 1 Min Range (km)




Normal Maneuver - LEO CASE

T Orbit by o/o
Edit File wiew Tools Windows Help Member

KARISMA |KSFDS Satelite [KOMPSAT-3 = Oroit Type LEC Ephermeris Path C:#KarismaWFA_Ephemeris WKOMPSAT-3.e [ ]
-System Management Simulation Time Before Maneuver
~Scheduling Setup Start Time [2014/07/30 00:00-00 = Stop Time 2014/07/31 00:00:00 5 Graph [Semi-maiar Axistkm) o
- Satellite&Object DB — -
- Tracking Station DB ]
-FTP Download&Upload 770 ]
-Tracking Data&Rec!uest Maneuver Planning E;m
JSpOF) CDM Archive Analysis Time E
Log History _ Stat Tine [2014/07/30 00:00.00 = Stop Time 2014/07/31 00:00:00 = £
Conjuction Analysis
Screening Setup Goal
Orbit Analysis LEC [Semi-major Axis -] | 70850005 km ihm = o
Setup After maneuver
Orbit Determination Marjeuver Start Time
Orbit Prediction Fix  2014/07/30 12:00:00 5 UTC After Maneuver
Tracking Scheduling Waneuver Search Interval 0= hour Graph [Semi-maior Axis(km) -
‘Maneuver Planing _ = R— e
Avoidance Maneuver 2014/07/21 15:55:12 & ~ 07/21 15:65:12 |2 -~
-Normal Maneuver . =
Output Targeting Setup 3
-Report H
“Graph Options P
Talerance 0.01000 Max, fteration 5Ok 7080 |
Perturbation  1.0e-02 Max. Step 1.0e-03 . ‘ B f
Engine Model View o o o e€rore maneuver
[ Run ] [ Plot ] [ Result ] l Save ] l Send ]
Event Log
(2014-07-21 15:B6:1B)S — IntialState */Satelite/NM_Simulation_Sat Import STKFle C:#arisma#hA_EphemeriswKOMPSAT-3.e il
(2014-07-21 15:66:15)S - Propagate */Satelite/NM_Simulation_Sat "30 Jul 2014 00:00:00.000" "31 Jul 2014 00:00:00,000" F
(2014-07-21 15:56:14)5 - SetAnimation » EndTime "31 Jul 2014 00:00:00.000" TimeStep 10 RefreshDelta 0.01 Refreshihode FefreshDelta b
[(2014-07-21 15:86:14)5 - SetAnimation * Start TimeCnly "30 Jul 2014 00:00:00.000" TimeStep 10 RefreshDelta 0.01 RefreshMode RefreshDelta
(2014-07-21 15:56:14)3 - SetEpoch * "30 Jul 2014 00:00:00.0
(20 4-07-21 15:56:1141S — SetTimePeriod * "30 Jul 2014 00:00: OO 000" "31 Jul 2014 00:00:00,000"
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COLA - GEO CASE

« Example Setup for GEO COLA

Analysis Time

2013.06.01 12:00:00.000 =~ 2013.06.10 12:00.000

TCA 2013.06.03 12:00:00.346
Number of Debris 4

CPA 100 m

Orbit GEO

Desired Property

Min Range > 5km

Control Parameter

Maneuver start time, R.I.C Direction Delta-V

Delta-V Constraint

Max. +/- 1m/s

Maneuver Start Boundary

TCA-361 = TCA-12 hr

Max Burn Duration

30sec

Function Evaluation

GA, PSO, DE : Generation = 25, Population = 30

SA : lteration = 750

Burn Strategy

One Burn or Two Burn

Station Keeping Maintenance

+0.05deg(128.2deg E, 0 deg N.)
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COLA - GEO CASE
« GEO COLA Result (1 Burn Case)

GA Fitness Function

_ . If MinAgnge >b  them F=1
= mmz|ﬂ Wil- 7 {lf MinHonge <5 then F=1(

Fo=140 -5, .05 =1)

) Figure 1 [;]@
File Edit View Insert Tools Deskop Window Help a
Dade |k AGOIRLAL- S| 0E|ad

@ Note new toolbar buttons: data brushing & linked plots #% G5 Flay video X
(Generation 2, Function evaluations = 1502

(Green dot is the most efficient point)

khiect?
&

198 2 024p
Before COLA Maneuver 0z | O most fcin
0.2f o
0.18F :
016F ,

E ot ¢
'S

012t
01t

008} s
006} .‘

0.04

L L 1 L L 1 J
0 05 1 15 AT 3 35 4

After COLA Maneuver Ao
GA Fitness Value
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ODM : Orbit Determination Module

Precise orbit determination
using ODTK

Precise orbit prediction

using STK/HPOP =

Processing GPS data, Radar

data, Optic data KARISMA
Automatic OD processing

(Optional)

Comparison study R sTk/HPOP

— KARI, ESA data

* We do not show any result
using restricted data
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ODM Ul

ODM Main Windows

Current CAM
Report

Edt File View Tools Windows Help Member

= System Management Current Status

Scheduling Setup Satellte D No.Event Time To TCA ~ Min, Range(km)  Max. Probability  Radial(km)  In-Track(km)
Satellite&Object DB

Tracking Station DB
FTP Download&Upload
Tracking Data&Request
JSpOC CSM Achive
Log History

= Conjuction Analysis
Screening Setup

d0rbit Analysis
Setup
Orbit Determination
Orbit Prediction

Current Automation
OD Schedule

_Tracking Scheduling OD Status

= Maneuver Planing
Avoidance Maneuver

Normal Maneuver

_—

KOMPS,

KOMPSAT-3
=Qutput KOMPSAT-3 2013-04-16 18:49:22
- Report
Graph
Event Log

33



ODM Ul

« Orbit Determination Windows

PR
€t Fle View Took Windows Help Member

|= System Management Setup

Satellite DB & CAM
Object List

Scheduling Setup Satelite |Object

Satellite&Object DB Operational Mode Reference Time OD Cycle

Orbit Determination

Setup (Tap Menu) P

Screening Setup ermination Manual
| = Orbit Analysis General |Measurement | Initial Orbit [Maneuver [ Output ]
Setup > |
Orbit Determination Filter Type
grb-;_Preg'C:? . Force Modeling = OD Analysis
Mrac ver |G:">|L“n~g Satelite Mass 1800.0% kg Sectional Area 702w OD Anaysis Method [POD Comparision J (beet.. ]| Dekie |
=Maneuver Planing
Avoidance Maneuver Gravity Model Gravity Model Order 704 foirence Rate fle
| ON‘;"“‘“’L Manespvor DragModel  [Jacchia 1971 | Drag Coefficient 225
=Qutpu
Rep‘(’) - SAP Coefficient | 1.53
Graph
©mOPSetup
Stop Time  2013/11/18 09:47:41 H Time Step 60F se
‘ Load ODM XML.. OD Processing | | Result
Event Log
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ODM Ul

« ODM Automation OD Setup Windows

Current Automation

Edit File View Tools Windows Help Member

= System Management Satelite Start Time OD Cyde Processing Time OD Schedule
Scheduling Setup
Satellite&Object DB Sg}g—gg—lg :g:ggg
i 3 -04-1 149!
Tracking Station DB 15013-04-16 18:49:5
FTP Download&Upload
Tracking Data&Request
JSpOC CSM Achive
Log History

= Conjuction Analysis
Screening Setup

=Orbit Analysis

Setup

Satellite )
Automation

Orbit Determination
Orbit Prediction S etu p
Tracking Scheduling Satellite OD Set Automatic Processing Setup

“Maneuver Planing Satelite -]  OD Processing Start Time  2013/04/16 18:49:22 [

Avoidance Maneuver
Normal Maneuver

Measurement File Fi |GEOSC ~]  OD Processing Mode |Fixed Time Mode

=Qutput Fitter Type |Fiter + Smaother -l OD Stack File Directory C:¥UsersWuserWDeskt, [:]

Report ; i C:WUsersWuserw| op¥licenses

Gk Force Modeling LA LA 2 By P —
Gravity Model eYE <]  Measurement Period 1% days
Gravity Model Order 701 Measurement Type Right Ascension, Declination, Azimuth [I]
Drag Model [Jacchia 1971 ] Maneuver Stack File C:WKarismaWFA_EphemerisWKOMPSAT-1.e —
Drag Coefficient 2.2000/=
SAP Coefficient 1.5000F Add || Deete |[ Modty |

Event Log
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ODM Ul

 Orbit Prediction Windows

Satellite DB & CAM
Object List

Edt File View Tools Windows Help Member

= System Management | Space Object

| Satelite |Object

O rb I t P re d I Ctl O n KOPSAT-] V Deaﬁonal Mode . eference Time “ D Cycle - f3ining Time
Setup

= Conjuction A
Screening Setup
= Orbit Analysis -
Setup Propagator Stat Tme ~ 2013/11/19 09:47:42 Stop Time 2013/11/19 09:47:42 Time Step B0 sec
Orbit Determination Force Modeling
! Satelite Mass 1800.000] kg Sectional Area 7.000% m Gravity Model Gravity Model Order | 708
Tracking Scheduling - o = o =
. Drag Model  |Jacchia 1971 - Drag Coefficient 228 SRP Coefficient 1.5
“Maneuver Planing
ﬁ""‘dal"',f: Maneuver Initial Orbit Infomation .
jorma aneuver = (= ian
Epoch Timw 2013/11/19 09:47:42 =
*Output szna:ees . Semimejor axis | 0.0000 km  Ara.Perispsis 0.0000%! deg
Report e Tys " - Eccenticty | 0.0000000% RAAN 0.0000%] deg
Graph Sl ———Incination 0.0000+ deg  [Tiue anomaly. 0.00001% deg From Fies Lo |
Covaronce o, [
Output Fie [ ]  Outout Coordnate System
Load ODM XML... OP Processing ]I Report }
Event Log
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Summary

Today, ‘Must-Have Item’ for Space Operations

Cost-effective solutions as a decision maker
software for space debris conjunction risk

Automated and Easy Operations for
24hours/7day/365 days

Easily Applied to Flight Dynamics System
Very User Friendly, Intuitive and Powerful

Commercial version of the KARISMA,
CHARISMA, Is released via AGIl and KCEI (Korea)
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Thank you for your attention!
Any Questions?




