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ABSTRACT

For many years the development and verification of on-board flight software have been essentially performed
on STB (Software Test Bed) environments which consist of real hardware in KARI. During development of
on-board flight software on STB, we experienced many difficulties such as the late delivery of target hardware
and limitation to access STB simultaneously by multiple developers. And it takes too much time and cost to
build up multiple STBs. In order to successfully resolve this kind of problems, the software-based spacecraft
simulator has been developed. The simulator emulates the on-board computer, I/O modules and power controller
units and it supports the debugging and test facilities to software engineers for developing flight software. Also
the flight software can be loaded without any modification and can be executed as pseudo real-time. This paper
presents the architecture and design of software-based spacecraft simulator, and flight software development and

verification under this environment.
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19 1. Overview Diagram of KOMPSAT Avionics
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BIOM/PIOM Simulator Trade-Off

FSS provides SMCS116 control chip functions and
with PM322 Simulator via UDP.

FSS provides limieted Bilevel In/Out functions

- Input Operation : Associated PCDU functions

|- Output Operation : GUI Based User Interface

BIOM FSS provides limited Analog Interfaces.

- AD590 : Associated TCS FSW & PCDU operations

- Thermistor : GUI Based User Interface

- CSSA/SADA : GUI Based User Interface

- Voltage Input : GUI Based User Interface

FSS provides limieted AOCS Interfaces

- GUI Based User Interface

FSS provides SMCS116 control chip functions and
with PM322 Simulator via UDP.

FSS provides limieted Bilevel In/Out functions

Bilevel Interface  |Bilevel Input/Output - Input Operation  Associated PCDU functions.

PIOM - Output Operation : GUI Based User Interface.

FSS provides limited Analog Interfaces.

- AD590 : Associated TCS FSW & PCDU operations

- Thermistor : GUI Based User Interface

|- Voltage Input : GUI Based User Interface

2% 7. IOM Simulator Trade-Off Result

SMCS116 BIOM uses SMCS116 for SpaceWire Communication

Bilevel Interface  [Bilevel Input/Output

[Analog Interface  [Analog Input

AOCS Interface  [AOCS RWA, MTA, SADE

SMCs116 BIOM uses SMCS116 for SpaceWire Communication

[Analog Interface  [Analog Input

ight Software Simulator Beta v2.0 by I

Overal | TCs Test | PM32] BIOM | PIOM | TCTM-P [ TCTM-R. PCDU| VDE P/R 15538 CH
Bilevel Input Registers AOCS Registers ./ BIOM Apply
Bilevel input 40 (0x3300) RWAI Wheel Command (0x1000) 0800 EloM Analag chamnolz
Bilevel nput #1 (0x3301) 0000 | | RWA2 Wheel Command (0x1001) [0800 | Aderess K5 BiOMAnalog Name GO Value
Bilevel nput #2 (0x3302) 000F | | AWA3 Wheel Command (0x1002) (0800 | [ox0120 cs5A #1 Cument 1200 Jl0100
Bilevel Input #3 (0x3303) C3F7 | | RWA4 Wheel Command (0x1003) [0800 | oxo111 spare 1200 | 0000
Bilevel Input #4 (0x3304) 0001 | | RWAI T-Method Counter (0x1100) [FFFF | lox0112 CSSA #2 Current 1200 [0100
Bilevel/Pulse Output Registers RWAI T-Method Counter (0x1101) OFFF | l0x0113 Spare 1200|0000 |
Bilevel OutpuE (0x3000) : 000F | | RWA2 T-Method Counter (0x1102) [FFFF | lox0114 CsSA 43 Cument 1200 [0100
Pulse Output #1 (0x3101) 0000 | | a2 T-method Counter (0x1103):  [0FFF | |oxorts spare 1200 o000
Pulse Output #2 (0x3102) 0000 | | AWA3 T-Method Counter (0x1104) [FFFF_| loxo116 cssa #4 cument 1200 Jjot00 |
Pulse Output #3 (0x3104) : 0000 | | RwA3 T-Method Counter (0x1105) OFFF | (0x0117 Spare 1200 [o000 |
Pulse Output #4 (0x3108) : 0000 | | Awad4T-Method Counter (0x1106) FFFF | (0x0118 CsSA #5 Curent 1200 | 0100
PCOU UV Enable (0x3110) 0000 | | w4 T-Method Counter (0x1107) OFFF | (0xo119 spare 1200 (0000
PCOU UV Disable (0x3120) 0000 | | RWAL M-Method Counter (0x1108) [0000 | loxo11a spare 1200|0000
Pulse Output #5 (0x3140) : 0000 | | RWA2 M-Method Counter (0x1109) 0000 | l0x0118 Spare 1200|0000
Pulse Dutput #6 (0x3180) : 0000 | | RWA3 M-Method Counter (0x110A) [0000 | loxo11c RWAL Motor Current 1200|0000
Pulse Output #7 (0x3201) : 0000 | | RWA4 M-Method Counter (0X1108) : 0000 | 0x011D RWA2 Motor Current. 1200 | 0000
Pulse Output #8 (0x3202) 0000 | | TDE X Command (0x2000) 0800 | lox0126 Awas Motor Curent 1200|0000
Pulse Output #9 (0x3204) 0000 | | TDE Y Command (0x2001) [0800 | lox011F RWA4 Motor Current 1200|0000
Pulse Output 410 (0x3208) 0000 | | TDE Z Command (0x2002) : [0800 | 0x0120 TAM Mag. Field -X Pri 0800|0000
Pulse Output #11 (0x3210) 0000 | | TDE Pri/Red switching (0x2010) : 0000 | |0x0121 TAM Mag, Field - Pri 0800 (0000 |
Pulse Output #12 (0x3220) 0000 | | SADE +X Command (0x4000) [0000 | lox0122 TAM Mag. Field -Z Pri: 0800|0000
Pulse Output #13 (0x3240) 0000 | | SADE -X Command (0x4001) [0000 | (0x0123 TAM Temp Monitor - Pri 1200|0000
Pulse Output #14 (0x3280) 0000 | | SADE 5V Power On/Off (0x4002) : {0000 0x0124 TAM Mag. Field - X Red : 0800 | 0000
Analog Setting Registers 0x0125 TAM Mag. Feld - Y Red 0800|0000
#na, Select Made Setting (0x0000) ¢ (0000 | 0x0126 TAM Mag. Feld - Z Red: 0800 |[0000 |
Ana, pre-Scan Mode Enable (0x0001) : (0001 | 00127 TAM Temp Monitor - Red 1200 o000 |
Ana. Che, Gain, Offset [One] (0x0002) : (0000 | 0x0128 TDE Torque Rod - X Vol. Pri: (0800 | 0000
Ana, AD Con. Value [One] (0x0003): (0000 | 0x0128 TE Torque Rod - Y Vol Pri: (0800|0000
Analog ADC Status [One CH] (0x0004) : (0000 | 0x012A TDE Torque Rod - Z Vol. Pri: (0800|0000 | .

213 8. BIOM Simulator Model

5. PODU AJEdold 299 & 74

PCDUE 9149 AdY 25 2 A& F9dsh, solar
array, battery B thet AR FAEe] Q). AA|
A AlEdelE it Al trade—off THAIA A d= HE
Az EolollA Aojw]= PCDUS tAE e 75wt

9] user input2 E3) AlEdelAd A ok PCDU &3k
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ight Softwaro Simulator Final v1.1 by layright

Overall | TCS Test P32 BIOM | Piom | TCTH-2 | TCTM-R /PCOU-P | PCDU-R |VDE P/R [15538 CH | 15538 CH2
20VREG [ SAR. BI, 28VPD 1) 28VPD#263, SOVPD#L, HTR B #1 | HTR 8 #1 & £2| DDC #1642, PC Memory and HK DNEL

0x20  5AR Status 0421 : SARL Iput Voltage #1 (083 | Ox40:26VPD #1 Channel status
BIT00: SARL ARM1 Switch totus @ e =l BIT00 : MMSU PUIR P Status o
BITOL: SARL ARM2 Svitch tatus [o Ry =1 BITO1 575 SUPPLY(P) Status [0
BiTo2: samt [o e it eitage a3 e ] BT 02 TWTA 1 PWR Status [o
51703 SARL ARM1 alure Status [T o o] BIT03: GRAPS1and HTR) status |1
BIT04: SARL ARM2 Fallre Status [o S == 81704 S-Band Tamsmitter L status [0
BIT05 : SARY ARM3 Faire Status [o o BTt et T BT05: 5-Band Receher1status |1
51706 : SARL Mode status o [ e ] 51706 - tor Tacker 1 tatus 1
BIT08 : SAR2 ARM1 Svitch tatus [o o i A S e s | BIT07 1BMU Pr, UV Logic PWR Status (1
BIT09 : SAR2 ARM2 Svitch Status [o e e e ] 81708 : Catbed Hurs P12 Stotus [o
BIT10: SAR2 ARM3 Svitch atus [ s ey 51709 Catbed Hrs 3 stotus o
BITIL: SAR2 ARMA Flure Status [o e s At O e [ ] BIT10. Propuision Hirs & Thruster Hes(?) [0
BIT 12+ SAR2 ARM2 Faure Status [o 020 EAR2 NG Otk Cunent 2970 BITIL: I6OR 1 Status [o
BIT13: SAR2 ARM3 olre status @ EeEE e ol BIT15 : 28PD#1 FPGA Stats [
BIT14 : SAR2 Made Status [ [ (deio | 02 28vPD BosL oL Fogstatus

BIT15: SAR FPGAStatus [ 0x32 : Battery Voltage #2 (o ]

0x30 : Battery Interface Status
BIT00: Battery Interface Relay #1Status [0
BIT01. Battery Interface Relay #2 Status [0
BIT02: Battery Interface Relay #3 Status [0
BIT03: Battery Interface Relay #4:5tatus [0
BIT04 - Battery Interface Relay #5 status [0
BIT15 : B FPGA Status [

0x33 : Battery Charge Current #1 (0002 |
0334 : Battery Charge Current #2 (0002 |
0135 + Bactery Discharge Cument #1 [0000_|
0335 ¢ Battery Discharge Curent £2 (0000 |
0437 : 50V Bus Voltage #1 [oE#® |
0438 1 50 Bus Voltage #2 [oeas |
0139 Bactery Temperaturs (PriOniy) |0ALC. |

217 9. PCDU Simulator Model

6. HIXE 75 2d3

N,

&

FSW& 918k 2= AlEeold 7sox vhd 4= slon dA
FSSelA & o3t BE 7|5S AlFsta Ut FSSollA] A
FEE g AR BAF V)5S ok gAlAZE el A
A sl=ge] @olx 8= FDIR (Fault Detection,
Isolation and Recovery) & RU reconfiguration 232 A}

Aol AS & 4 Aok

Ko
Overal | TCs Test | PM32  BI0M  PIOM TCTH-P | TCTM-R PCDU-P | PCDU-R |VDE PIR | 15536 CHL 15538 CH2
KOMPSAT.5 Overall Status

®

475 Flight Softwars Simator

2 by layright

it fim) SpaceWire Test Functions 0BT Trace Functions
TCTM Prmary No Response o Response | es_apt adaress - (00000000 Looely
TCTM Redundant No Response Mo Resporse
BIOM o Response No Response | Week:(0000 | 0SEC: 00000000
PIOM No Response o Response Variable Trace Functions
SMCS352#1 CH#1 T No Response No Response | Variabe Adess : 00000000 7 roply
SHCS332#1 CH#2 T o Response No Response | oo
SMCS33241 CHI3 Tx No Response No Response | Verible Vaues  0x 00000000

SHCS33262 CHeL T No Response o Response Command Test Functions

VDE Primary ‘SMCS332#2 CH#2 Tx No Response. No Response | Location: (00 | Value : |00 Error injection
SHCS33242 CHE3 T No Response o Response SGM Codeblock Recsption Disable
O Redundant , sable R Disable
L ‘SMCS332#1 CH#1 Disconnect Intemupt : | < Emor Issue S SEM:R Dsabi
G s #1 RU ActiveiDeactive
SHCS332#1 CHe2 Disconnect ntemupt v ctve
GRAPS #2 i OB e emp Red RU At

£PS Charge/Discharge Mode
o EPS Charge Mode  £PS Discharge Mode
SMCS332#2 CH#1 Disconnect Intemupt : | Emor ssue | Battery Temparature

Star Tracker 1 SMCS332#1 CHa3 Disconnect Intemupt

StarTacker2 | ON [OFF |

ars neceer1 (B or

SMCS332#2 CHe2 Disconnect Intemupt | of Emor ssue || |<f Change | Sensor  C
|

eFsrecetianz [ ON SMCS332#2 CH#3 Disconnect intempt : | of Emor tssue || Battery41 Temp. (0A1C [[7.00
1GoR 1 on_[or atterys? Temy
| ey | Batterys2Temp. omac | 700
16OR2 on_|[oFF | PCDU UART No Response No Response Battery#3 Temp. 0AIC |7.00
scspimary | oN_[OFF | VDEUART No Response: o Response Battery#4 Temp. NI |7.00
scs nedundant (o JBER PCDU UART Enor intemupt : | o Ermor ssue R e
ouspimay | ON [OFF | DE UART Error ntermupt : | < Ertor ssue Batterys6 Temp. (0AIC | 7.00
OLS Redundant | ON_[GFF | PCDU UART Bad Echo Bad Echo AOCS Gyro Logic Enable
D VDE UART 8ad Echo Bad £cho  Gyro Logic Enable

Aux. Power Load Selection Last PCOU/VDE Command

Aux. Povier Load Primary Selection 1| apply| Last PCDU CMD : 0x/5017

Aux. Power Load Redundant Selection (0| < Appy | 435t VDE CMD £ 0

Fault Injection & Test Function

713 10. Test Functions on FSS
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217 12. Unit Test on FSS with VectorCAST
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