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Development of Operator Training System

Using COMS Simulator for Provision Against Contingency Situation

Hoon-Hee Lee*, Cheol-Hea Koo**, Sung-Tae Moon***
Sang-Hyuck Han***, Gwang-Hyeok Ju****

Abstract

This paper will describe the structure and characteristics of operator training system which
was developed to maintain the quality of operational ability for COMS (Communication, Ocean
and Meteorological Satellite) operators during a long-term nominal operations of missions and a
contingency operations against an occurrence of anomaly. In particular it will present benefits
and expected effects of the training system with a focus on three parts which are functions
especially for trainer-friendly failure injection, an automatic sequencer of training scenario based
on the predefined plan and additional functions of the existing COMS simulator. Furthermore, it
will present a practical example of training on the training system to understand the overall
mechanism of training process.
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[> Training Console : &S $]3
- TP(Training Planner),

- RTE(Real-Time Executioner),

- 3DVIS(@3D Visualizer),

- AlarmApp(Smart Phone)

i

Ad gFo] golg =
& GUI (Graphical User
SAAA e vhes EARORE

°of 8 948 NE=Z AgET. FE T 28F
B AYel e S golatA AP 4 AUk
T3 #A £ A8 AdEH e A £ AJ2H
o] A FAE HBHoR YT F Uk
RTEE 18 39 AZEgo] 71 Holg 58
Axol M vebd uhel o] TPZRE ZhE 93
AEQ AAAE FAlste] 2AZHE T 54

Smart Phone

Al A (Epoch, Zulu, Simulation Real-Time) 7]F<
2 9B Adste] uye] Fd Ay Aol
AlEdoly stelld 54 dH W/ ALY B
A2 98 ols/d7] Bart flolxlh
3DVIS= At de AAAE ZelA 324
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| | User Interface | I I | VisAdapter | | I—| DataGenerator | | KernelAdapter | I
e | [ Ce—— S e
| Messages' Orbit,
I Orbit, Attitude
I | Alarm Handler | Attitude EpochTime SimulatorCmd
| | EpochTime Failed FailureCmd
— — s —— Statuses
Alarm Event, ]
Messages
____________ I____ —_—— e ——— e ———

B FailureSchedule I |

| NA()I:;;]; TrainingControlCmd I | —bl DisplayDataManager | EventManager I |
L 12 » Vi

I x (Start, Stop, etc.) I I E'er'xetSequence
| —7 EventSequenceGenerator Iﬁ TrainingControlCmd I

User |
l ) ‘ Alarm Event, | l -bl MonitoringDataManager I | LogManager I |
I Interface 1;-1:' . Messages | | I R ‘ |

1t, e — L. Orbit,

| Att:l.tu.ael StatusManager || I attitude LogMessages [
l EpochTime | EpochTime

Failed Statuses I Failed |
| LogMessages |
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[> Simulator (DSSS) : Mg t$1A AlEd o H

A AlEd g (olsh AlEHolE &2
DSSS : Dynamic Satellite Simulator Software)<
AN, 2874, AASH & o
2AdH A9 W AER ASASY 33
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[> Satellite Operation Console : 2] ¥4 %7

- ROS(Real-time Operations Subsystem) :
™, TCE AAFeE Aesta A =F
A4, wely A, A48 s

- GAU(Ground Authentication Unit) :
7% olgatel A% TCo FEH

S E 5 U 21 HojA Ay B owk ok A - COP1 : TCY| ¢t M% Z2EZ
oF 94 W Ao A e 1AL A - -
fﬂ;{_}jﬂ Hfjgj]f]";*ﬁjf%}; i Zﬂj Helorely AA BANZGY ARE FH
=] ? =] = = =] z -
Al AT ek s s o BALNA BN £ AR ge =7
1 FE 4g3] oldstn A= AEIIS} o oz 9E 2 JEE 31y
£ 54 Az 54 AEHA seprE el A
7rS WHAS A3t A&7 o R 7)ol &%
b s e
OPTSell A DSSSs Wioll A3ke] ARg-AF 729 > TP : Fd AYS ¢ udg 223y
Fet AN 1L AT 7R /%S SR T 4E TP Y J15E BoFE AES
F AEE ao o ol o] AR/ £&S  US UERHAL Itk Scenario Editor(7F )
g9l %xE gtk n#Y DSSs ke &= € AEHCHE 9402 Adstr] g HH
2 AAT wet Ao 1Fe o TP (BA/AAZA/AFR) ol Bd ngs HAd
DSSS We] TYs nA glolgwol2ze o3 @ F dom deEd tge WE/ g x9S o
FEH nHe oA uFe 2HE HAdsin 9 dY HAH FYE AET F e 2= 1Y
sl 1A £F9 WAGS AYsE Agur 3 BAES wFA AFS. ol dae £
Progress Scenario Editor Connect Execute Print Window About
Cascade Minimize Al | [ 57 Show Watch
Tile Horizontally  Arrange All
Tile Vertically
Window. .. Show Hide Watch
= | Scenario Editor #3 7]-_ (= T = |
Purpose :  [TEST -8B
Index Function Description #1 #2 #3 =49 Unit SubSys Check LIPS
:1 TRES A Masking Error during McAOCS - IRES A (SpDsssInjeciType  0.0150098 1970/01/01 00:00:00 lnocs \;’j
2 g McADCS - IRES A (SpDsssInjectType 0. 0000/00/00 00:00:00 lsocs
u.1] Progress Window [__l-_ ===
Index Function Bk Description Parameter #1 Parameter 23 Parameter #3 Parameter #4 Unit SubSys  Purpose 2] -
‘1 InjectFail - AOCS - IRES A (Spike) IRES A Masking Error during McAQCS - IRES A (SpDsssinjectType 0.0150098 1971/01/0101:01:01 ADCS TEST A SET ‘L'j! |
:2 InjectFail - AOCS - IRES A (Motor Current) IRES A Motor Current Error AOQCS - IRES A (McDsssInjectType 0.01 1971/01/0101:01:01 A AOQCS TEST A SET
<] InjectFail - AOCS - Wheel 1 (Friction Torque IWHEEL 1 Friction Torque Error AOCS - Whee! 1 (FDsssInjectType 0.000 1971/01/01 01:01:01 Nm ADCS TEST A SET
4 InjectFail - EPS - Battery (Cell Loss) Cell Loss of Battery EPS - Battery (Cell DsssInjectType 3 1971/01/01 00:00:00  EA EPS TEST Sample A
5 InjectFail - AOCS - TRES A (Spike) IRES A Masking Error during McAOCS - IRES A (SgDsssinjectType 0.5 1971/01/01 00:00:00 ADCS TEST Sample &
35 Injectrail - AOCS - IRES A (Motor Current)  IRES A Motor Current Error  ACCS - IRES A (McDsssInjectType  0.01 1971/01/0100:00:00 A aocs TEST Sample & =
| [Status [ ] ([info. Epoch Time | [FE
12l 4. TP (Training Planer)
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Sk MiE Hes

T GerSim a3

hedul 7
Obiect d AlphaView
= DSSSManagar i
- smuiatorModetand | || © | i ‘F\IF’lh
0BJ Name :OMF Nami Type Count Range = =
- WaiEveniCount C
albvenibom: = | 1 DS3Maal TimeTay 14 1 oD 1272768730
ExPlat || |2 | ——— o0
I>J 3 DSSSManal TotalEventCl 132 1 oo 4
= 4
5
5
Sched W
Treeli
Sched: £
5 L
. 10
Execution | | il
Histay | Serpts | Parameters. | 12 g
= 13 L 102740 Torsn {oze00 Ta2810 {e:2az20 102830
Time | 14 =
ILel I I L] I RT  [a] I D

SimTime Signal | Source Message Epoch Time Mission Time Zulu Time :i
(000000 00:001000:1 INFO  DSSSMI Component DSSShanager_1 is initialised 2000/01/01-00.00:1 2012/07/11-10:05:1
3|000000:00:00]000:1 INFO  ExiPlot  Component ExtPlot InitialiseEx called from GenericComponent class 2000/01/01-00:00:1 2012/07/11-10:05:1
4|000000:00:00]000:1 INFO  ExiPlot  Component ExiPlotis initialised 2000/01/01-00.00:1 2012/07/11-10:05:1
5/000000:00:00000:1 INFO  Schedul Starting/Resuming Scheduler 2000/01/01-00:00:1 2012/07/11-10:06:1 =
|sAT | | Epech 2000/01/m1 | |2u 2012007111 10:28. 53446 | Simhletwork ver 0.2/ Build No : 8040 - configured with TSIM2LEONZ
% 5. RTE

=) 51 2= = A3 2= o
AN w AH A - slont ol APes wAden Agat 19 6t
B vhpssl 4UT SACE F ENE & RIE Rl ol S8E Wi Ao,

= [e] o) [e] A= \=]
g3t 2 % o]-ﬁaq-, oA Neg AS RTEE DSSSZHE HelekgAde Alx, AHA

AR} YRAHoR FHUA2H HA LZE ]
o=z Zryo] 13 49 Parameter #3 o & AH, ¥4 & JH, 2/ JHE 71F

Eg o] et 1A% Hdsn g 3}3 TP} 3DIVS7E Zash FRE A|F st

e AR =+ Ao a9 7& RTES S/We #z2& dehda 9l
Progress Window (1} A& —?-_7—%01 AlFE o RTEE @53 ¢Fa7dodA AEd Als

ol o] AA FHMAY JPFHE FQ #HolEd AHEHE W& °ﬂL°J GenSim[4]& 7]

stal Bedh A Fd =T AAY wiAey  wro g spdtEe] AA & AF7EA Y AlZte] &

A

g ‘ﬂ"]ﬂ‘ﬂﬂo]“’ﬂ/ﬂ g} ghof W

o 40 o

oz ¥ 2 K 4 K

FAHol Adgd uZS FHasr] 9% GUI Al 4 vk Aok 38" 55 GenSim| 7| ZHF
o] 34L& AFIt 9 24S BHoFy ok 4% ZYHY T
fFolst WAlA s o]&ate] Mt AH
> RTE : €& A5 A /Ao Z=29 U olHlE Az S AAztew mopst 4 9]
RTE= a#o] TPE o] &3ty FHALHS
A8e 749 DSSSS 3DVISE %7|8A7)31L & Manager Manager Mansger

Network Manager
IProtocol IProtocol IProtocol
: DSSS DSSSProtocol CelestiaProtocol EventProtocol
—
TP @3 ¢|o|g (For DSSS)
e SRl DssSData EventData
3DVIS
TP 3 glo|H (For RTE) | GenSim |

RTEZT gjo|g)
a2l 7. RTE SW 7=

222




T2ty AlZRl0[EIE 288t 1

[l

HThS DoERAIAY A

th A9 SEAXIEE AlEdolH Alol/AA [ DSSS : HEMAAL AlEHCIH 7% A

& DSSS Manager, 25 A 7|55 3 Log 21400 AFEHAYE w#do oz FFL
Manager, ¥ A3S 93 Event ManagerZ T2 DSSS[3]1E XA st= dHol Atk 237
TARENeH 53] AlEHolH YIE AlZd A 93 H/We 932 H o] A(Ultrad5)ol ™ i &
oJWMIEE Az3t7] 9% Event Manager= 1%  Unix Al99 Solaris O/S A olA AlE#olA

83} o] AziE o4l

9

.‘;Q‘r A H A G oWE

z2ado] &5 gt o] A EYo|HE

2% Queue M7Z Fal 2% ¥y A 4 A4 AcisA gu Aelshm A@A TP GUI
Az AP el gAe Bustge %02 FAY & Y= 19 99 2L 187)

94
He 7|5

Transmission Range

“ [

Do Queue

Done Queue
- should be sorted by sent time

E

k4 =

JdE §/W
I A A
1% 9914 Kernel Adapter &

7154 HE

NEste] A& ol

o

=

RTE 7} A5

oz AEHIHE Aoj(wd, AA, AT+A,
Epoch A1zt W7, A% A3 F)stal 1% F/
He —‘?-7]8}04 54 4485 AAEA I
vE, +3387% ¥WA)Y F U=E FA 9Ts
3™ Data Generators oA Al Ed o)A

mdo] z+F e WS WPk RTEZF &7
a2l 8 =8 HMojHy EoY e ARE dAgdte 4gS I

3% 7914 Network Managere= W& UESH

Analysis) HEXUAES®

FMECA (Failure Modes, Effects and Criticality

9L 1 LA 9F

= o)
A & 2 2QL IProtocol & 7d&sted 91 37kA o wet BRE 31 24 GadES Addhe
2~ 0 = =] [e) [e] o)
A"l &S FEske g, AEA, A Aotk oA 1S AT dHolEwo]x b
o = ° =] >
AHEE 1 AA JiES wrgsith olelet YAl AlEH ol B el dY, =4,
| RTE, Satellite Operation Console (TCP/IP) |
Kernel Adapter ‘ Data Generator [«
990 lines [ 765 lines ’
18 Components i
Total 26,621 lines 1 D
IExcluding header codes ENV;&%T&?L e \ SATELLITE
N MODEL
931 lines \
SYSTEM \
FMECA \
VISIBILITY MOVEMENT 804 lines \
FMECA EMECA \
957 lines 1190 lines \\
4 1 4 1 \
- N I . - THERMAL \
AOCS TMECA CPS TMECA DHS TMECA LEPS TMECA RGEEn
4145 lines 2430 lines 2480 1lines 3673 lines 608 lines \
\
1553B FMECA <« PSR1 FMECA ‘|
1489 lines 482 lines ]
v v 2 v v I
MI2U FMECA MPIU FMECA SAE FMECA ADES5 FMECA Pﬁ?\?;:?iD "
486 lines 474 lines 684 lines 488 lines 3545 lj:nes .
& 9. DSSS SW HEHE FII 7A
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STk MiE MR
LNG Execution Sequence : DATAGENERATR 2 e i = Officer M&C Banner : C. CONF_COM-2012.192-1 =]
P1 = 5529153.209330 = ||[Fite control Monitoring Cotmmand H:lpl
P2 — 5121726.110311 -
= -628973.731395 Instance D : C.CONF_COM-2012.192-1 Mode : Running List O Connected Users
DataToRTC_PositionL0] in llexa and Network Endian - € . X jsor Workstation  Grade
DataToRTE_Position[1] in Hexa and Network Endian = 3 SRl LD G PRI e e e T
DataToRTE _Position[2]1 1n Hexa and Network Endian = ¢ Ommcar: SR Epoch timo : 2006.001 00.09.20
User Grade : Developer Zulu time ¢ 2012.192 17.28.67
Retative speed ; 1.000
04 ¥
DataToRTE_ATtitude[0] 1n Hexa and Network Endian = o
DataToRTE_Attitudc[1] in Hexa and Networl Endian - 0
DataToRTE Attitudel2] in Hexa and Network Endian = 0 co
DataToRTE_attitude[3] in Hexa and Network Endian = 8¢ w54 scu
Attitude[0] = 0.000000 ==
EpochTine = 2006.001 00.09.1
EpochTine - 43b71daf00000000 =
RechTine Jdiroon | |=] Failure M Interface : C.CONF_COM-2012,162-1 EE]
5 e e |
I el Simulation Browser
Halt | Avort] End | Close | ‘ ‘
’ <o aiicne) ks |l
LNG Execution Sequence : KERNELADAPTR.1 5 PR o 2rerationg)
ol s2Teoutoutraion)
START RC_FMECA. 1 (Level=1) Version=0 Revision=(|" modoloQR - 2TeutputEaiion ()
ENV. RATE_Z, INJECT, 0.00833333, 475.620000 modele 0 Lo
SIAKI KC_ENVEMECA.1 (Level=2) version=0  Kevision=( mogole harhietney s2ron0
RATC_Z, INJLCT, 0.00833333, 475.620000 '”'A A B
START RC_RATF.1 level=3) Version=0 Revision=( pren sy a4 i
~12345.0, -12345.0. 0.00833333 22TRe0N0
3 retEitodel setCuanien1s Ori( Buulesan)
2006001 00.07.55 Satellite rate forced To (rad/s) - i octertTeinvisitRonisan)
et oo etE areTminvisic Bnalnany |
TatesaiEr - Zooodotan Felu
raleSalFr = ~0.000065 solsAraTemperaturs o=t reaTmOsH Doukle)
rateSatFr - 0.000226 stationroto sctFrequeney Counie)
END  KC_RAIE. RSTat=0K Satlorvis i setLeve( Louble) i
IND  RC_CNVFMCCA.1  SRstat-OK et51 B usvaltage( Double)
END Rc,r ECA_1 $Rstat=o0Kk | | |ests1 mxBusvotaga( Double) |97
status
Protocol Check OK... n_Readindex — 72 I
= = = e
[Node ID [Qualifier Generation in Epoch
[ ? ¥ =0 by EXEC, Input -123450, -12345.0, 0.0083333]dsse3sv3 RC_RATE.1 2006.001 00.07 53.900
Halt | Abort| End | Close] | .0170157,—0.000148,—0.000065”, "IMMEDIATE", "E3B") [dsse3sv3 [E3B 2006.001 00.07.54.060
ACUVAUO oL USSL SEURAESATFI(=0:000157, -0.000148, -6.5-05) |dsse3sv3 [E3B 2006.001 00.07.54.060
[End of the test sequence RC | RATE 1, status = OK started by C ALL ldsse3sv3 2006.001 00.07 55.700
[End of the test sequence RC ENVFMECA 1, status — OK started by CALL [dssc3sv3 2006.001 00.07.55.940 Ts
[End of the test sequence RC_FMECA 1, status = OK started by CALL |asse3sv3 2006.001 00.07.56.180 Ts

=i

o
iy to
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e

o o
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O
w2 ol

10. 7l F7t =

FEE o] &sto] AT

A&t 3-tiers X9 Z

No. Failure Type Description
1 |AOCS - IRES A (Spike) [IRES A Masking Error during Moon Blinding or Equipment Anomaly
2 |AOCS - IRES & (Spike) [IRES B Masking Error during Moon Blinding or Equipment Anomaly
3 |AOCS - IRES A (RD
7_|AOCS - RES B (RD) [RES B RT Error
5_[AOCS - IRES A (Viotor Current) IRES A Motor Curent Error
6 |AOCS - IRES B (Motor Curren) [IRES B Motor Current Error
7 |AOCS - IRES [IRES A 10 IRES B through a fallure of IRES A Micro Controller Watchdog
& |AOCS - Wheel 1 (Friction Torque Increase lon Torque Error
9_[AOCS - Wheel 2 (Friction Torque Increase) jon Torque Error
10 [AOCS - Wheel 3 (Friction Torque Increase) ion Torque Error
11 [AOCS - Wheel 4 (Friction Torque Increase) ion Torque Error
12 [AOCS - Wheel 5 (Friction Torque Increase) WHEEL S Friction Torqus Error
13 [AOCS - FOG XA (Output Blocking) IFOG XA Outputntegrated Angle) Blocking Error (null measured rate)
14 [A0CS - FOG XB (Output Blocking) [FOG X8 Output(integrated Angle) Blocking Error (null measured rate)
15 [AOCS - FOG YA (Output Blocking) [FOG YA Output(integrated Angle) Blocking Error (null measured rate)
16 [AOCS - FOG Y8 (Output Blocking) [FOG & Outputlintegrated Angle) Blocking Error (null measured rate)
17 |AOCS - FOG ZA (Output Bocking) IFOG ZA Outputntegrated Angle) Blocking Error (null measured rate)
18 [A0CS - FOG 78 (Output Blocking) FOG 78 Outputtintegrated Angle) Blocking Error (null measured rate)
19 [AGCS - FOG XA (Board Temperature Increase) __|FOG XA Baseplate Operation Temperature Error
20 [AOCS - FOG XB (Board Temperature Increase) __[FOG XB Baseplate Operation Temperature Error
[2 ) U RT A Error
= 8) or
[ board fine A ine A Failed
board line B) Y Line 6 Failed
T U 1A 1o MPIU 18 Reconfiguration
®D 12U A RT Error(L553 coupler power down)
®D 112U B RT Error(1553 coupler power down)
Reconfiguration) 12U A to MI2U B
RD) DES A RT Eror
5 \DES B RT Error
DHS - ADES (Reconfiguration) \DES A to ADES B Reconfiguration
32 [DHS - SAE A CSTOUTPUT AE A CSTOUTPUT Error(SAE Inputs frozen to 00 A or 0.0 V)
33 [DHS - SAE B CSTOUTPUT AE B CSTOUTPUT Eror(SAE inputs frozen to 00 A or 0.0 V)
34 [DHS - MRE (Power Supply Loss) oss of MRE Power Suppy
35 [DHS ~ SCU (HOT Restart) CU Hot Restart
5 - SCU (COLD Restard) CU Cold Restart
37 [EPS - PSR 1A RD SR 1A RT Error
33 [£95 - PSR 18 (RD) SR 18 RT Error
39 [£PS - SADE (Reconfiguration) ADE A to SADE B
40 [EPS —Battery (Cell Loss) ell Loss of Batery
41 [EPS - Solar Array (Section Current Decrease) lon Current Decresse
42 [EPS - MGU Malfunction
3 [EPS - MIGU +V Strain Gage on PSRIA [MGU =Y Strain Gage Error on PSRIA
44 |EPS - MGU +V Strain Gage on PSRIB [MGU =Y Strain Gage Eror on PSR1E
5 [EPS - Solar Array (Switch error on RT A) olar Array Deployment Failure ( Switch Operation before full deployment on PSRIA
6 [EPS - Solar Array (Switch error on RT B) ol e Deglonet % witch Operation before full deployment) on PSRLB
47 |CPS - RCT (Valve Open Faled) CT Tr /& - Open Failed
48 |CPS - RCT (Valve Close Failed) aive-Clons Faled
49 [CPS - RCT (Valve No Failed) No Failed
[CPS — RCT AL (Thvust Lev CT AL Thust Level Failed
HCU heater permanent heating hermal HCU heater Failed (onstation) - permanent heating by thermoswitch blocked
52 [M1 - Side 1 Mirror (ammed) [MI Side 1 Mirmor Jammed
53 [MI - Side 1 Cooler Temperature (Wide) [MISide 1 Cooler Patch erature over lImit (op range : 280 K ~ 338 K)
54 [MI—Side 1 Cooler Temperature (Narrow) [MI Side 1 Cooler Paich narrow temperature over limit (op range : 829 K ~ 911 )
55 [GOCI - Busy ErrortNominal A
56 [GOCI- IEUL Error (Nominal A
57 |GOCI - FWM Error (Nominal A)
58 [GOCI - Overcurrent detection (Nominal AY
59 [Loss of TW/TC 55 of TM/TC
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IRES A Masking Error during Moon Blinding or Equipment Anomaly
IRES B Masking Error dunng Moon Binding or Equipment Anomaly
2o
In the Fine state, the STD 155 SW resource filters the spikes of the
expected transitions: when the spike function is active, a spike error is
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current transition angle is more than 0 ® deg. ORB roll and pitch

pointing are set to zero dunine ™ ® seconds.
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1. 24991 on Station ZEIX| Lel. survival EEOIH ASEIIOISE.
2. CPS ORB OFF %Ell, Gyro ORB OFF %/Ei, Wheel ORB ON

3. IRES ORB : fine mode

4. Normal Mode 2 Axis control

5. Moon Interference table &gl

6. Hot Register Jt Invalid & i1

7. Master Schedule HT2% 247t Fy ol Hapr F2 4K
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1. Eror Recorder BZ
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A. ORBE Redundant £ T4
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3. NM ZS9M ALGEIX] 2= TXIE ORB, SWR ZF PN} 2Tt
4. FM 2 2= SX(Inhipited)

B

1. CPS ORB ON

2. Reset CPS ORB YEH

3. Latching Valve = XIT2E CLOSE

4. CPS ORB OFF

5. H22E83F7| : Reload

6. WETHY : ETEYS TE Y I§

7. Liass Tt =FHEZ ¥ S propagation YEIE &%

8. IRES IOl MESOE 2ot FL IRES HW criteria 7t TH&YECE
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