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ABSTRACT

On-Board computers (OBC) for LEO & GEO satellites have been developed with their
own dedicated architecture so far even though they have many similar functionalities. In
this paper, we present a conceptual study results of standard OBC architecture design and
propose the domestic development plan for the next generation satellite OBC. Proposed
architecture is highly flexible and can be wused at LEO/MEO/GEO and Moon
Explorer/Deep Space Probe. Also, we introduce current status of standard OBC which is
under development.

= =
=

l

AA=e AAAE A8S A% 94 ®HA HFE (OBO= AZ A 7158 7H
T B3, Ae7tA HEe FERZ EEFg B =fdAE OBCY xHFE 7=
g g A7 AFRE A, A 948 OBCE /NEstr] 913 Weks Attt
At FxE 7pEAde] WS E& FxoH, A/F/AANAE 218 G FA/A +F
ALY B AL HEE Ste EXE 53 ok =3 dA A I FA #
3 OBCY /I dAFS A7)t

< -
A

Key Words : OBC(24] ##E), LEONAE $14), GEOEAAE 94)

.M B WAbs 7oy o (Redundancy)+&7F THE

V2 AR, AARE 7]ES FEIH A=
A T FAFLANME AR 94 o] & Edo| ggkr] wiolth AT HT A
E].EX4 /\1%0 /\51

A I AAAE FFA8ES AT A= OBCHE FA= A/F/BAAR &5

ol ot o] TAM ALHAAFHOBC) £k 22 AR e WE HFEHE MEste A

E AAES ZAAEE AT AZ 441 o Aok A2 FRANE D AR} G

B 75 Bol e Brsl, MER Uy WA HAR/AAAE 94, 4 SF S

N Awsiget 1 olfE Amel WE £F  ALshe WE OBCE AFozA, Wl
t Received: April 5, 2013 Accepted: November 22, 2013 http:/ /journal ksas.or.kr/

** Corresponding author, E-mail : jihoonkim@cnu.ac.kr pISSN 1225-1348 / eISSN 2287-6871

J. of The Korean Society for Aeronautical and Space Sciences 41(12), 1018-1024(2013)
DOTI:http: /dx.doi.org/10.5139 JKSAS.2013.41.12.1018



B4l & B 12 9% 2013, 12

A A 7

AFE Y FF 2 A B3 A A 1019

147} ]—roixl ;AE‘r.
mebd B EReAE AFeA Adsn sle

A4 FARAFEHES] MY BFS d¥Ea, d
A =M AL F [/T/BAAE 28

HE k= AHA

7
9
YAH B AEHE AL B
2 A7 Azsl g A

o 448 OBCo +
gk,

w2 ZF v Aol ste JEE JREete FAllolth
thS Fig. 1S thEZ o2 RAD750 CPUS AHg
3l THE BAEAFS] RAD750 SBC (Single Board
Computer) ¢ MaxwellAtol A 48 PowerPC
750FXS TMR (Triple Module Redundancy)Z
/3% SCS750H =9k T Abkolth. SEA|RE W=
°] PowerPCA¥2 W= ITAR®] EL (Export
License)°o] ¥Aste F &F dE== AvjstA
%, MdE CPURE #Ezwh 79 & fFuls
7H“LU" 4= 1oJA PowerPCY &2 AFol= &

Totar, ddHoR ol AAW CPUR A}
&3zl Alefo] Bt

g m=gs # F o=
EADS Astrium©] Aeroflex Gaislero| Al 7)]2st
RTL (Register Transfer Level) Leon3 FAE 7]
Hko 2 SCOCS3 ASICS /W#atgla, ol& whg
© g CPUREY DC/DC AWHEEET Fzd
W8 AHHFE  OSCAR
Computer Architecture with Reconfigurable
LEON3)E /fitstgon, #Axo] wet 471% 3
o] dAgME SET wAl FHse HEdow

[e) [e]
e

(Optimized  Space

- BAE RAD750 SBC - - Maxwell SCS750 -
(Ms 260 MIPS @132MHz (M%< 11800 DMIPS @800MHz
IF : SpaceWire, 15538, UART,  IF : 1553B, UART, PCI)
PacketWire, OBDH, CAN, PCI)

Fig. 1. SBCs of USA

W Scecial CMDe

cPDU
commands  HPTM EGSE IFF

cPDU HPTM
commands

EGSE IF I
Core - o

Fig. 2. Internal Architecture of SMU

stk & RUAGOIAE Leon2 FojE &)
st COLE ASICE A3t CPU, TCTM (Up/
Downlink), RU, IO, ConverterE 7}XWA] Fig.
29 e FRE zZte W& HFE SMU
(Spacecraft Management Unit) 2010S 7'&3}e],
AT/ BAAZSSY A ¢F FHAR 25 AR
T AUAEF S

22 Y JHst M/YXAE HFE 2=

EADS Astrium® TerraSAR OBCE & REH=
3tal, W= TRW Heritage3] 28 Hl& o2 =]
ANM AA=&oz =2 7)Eg IBMU (Integrated
Bus Management Unit)= W3H o F+x2& 7}
Aes AAHNeH, v+ Fg 3% 22
SpaceWireE ©]-&3t Point-to-Point7+Z 2 7)1 5]
Ak SHAITE IBMUS 7%, EADS Astrium©]
gk MCMERC32SC7F 20149 o] Folle ©F
2 9719l gleH, TCTME 10¢ B4ls 93l
AHE-E SMCS332/116 SpaceWire FHAl-S Ald <]
Aol lojA Alefo] Hota WEAdo] HolA=
@dol Aot

EADS Astrium¥ ¥% 7§33k SCU (Space
Computer Unit)e &F do FXE 7HES
AAHJoH, & Fig. 49 2ol WE E3td

Fig. 3. Internal Connection of LEO OBC

ML
(Serial)

IPL
(Serial)

Fig. 4. Internal Connection of GEO OBC



1020

A2 T B RE

)
N
Aol
C‘ i

H3d 29 Point-to-Point 7]
o]-&ste] MIE Aot shARE SCUY 735, 28
H MAS31750 CPUE A& o 2 A FHT A|2~H
el ws Aol $H3w, S3d NP/ 9
HAE ARSI O 2 A QIE]H o)A
stk EF WEMAE IOXES
T YR Jdo FxE WA oA Fxo|th

23 7Y EEE OBCIHE et

A A H =2 Hot Stand-B
HA=2 Cold Stand—By o)
TZE AYstaie ey 22 FF 7l s U

EEEDES

_8"*<

A3 A7 Z2F2E FHE w5 F Jon, o

71sES €/4 FFEAMIAA OBCHt aof &

AF-ot= 2.

O dWy= CPUAA FSWE +& A7l A

@ A FF HEE B, AEE 2ol A
dor st AFske A

® B Y% EF AHH|L (1553, UART
.= A B AL

@ AAAC FHES HH Alstar, HH
H3te A

©® ZF 914t exu opdra A HA

=z

®
Al
@ =

A.
ety olHd FF VT ES AFA 47 A
Ag AA= OBCQ} J2) A= OBCE %33 3
HZ Fd3ta, 12 dE SFHAAZ/AAAE

SE 5F s wMEnew 1A 5 vk

Table 1. Requirement Comparison

HAST, BAAE OBCEE M HAE, BAAT
OBCEE HY
H7 T 0BC HAAT 0BC EFH 0BC

CPURME &5 16MIPS at 20MHz 16MIPS at 20MHz B5MIPS at 80MHz
EREL E41 £ Local Bus EFHE Can,
HWel S8 T Direct LineAtE ME,RUEHE &2 A8 PCISY A
= BFE 3 =873 =87k 5

PSS Pat REFGHH 65WD(0F Pa} REFSHHA 90wl Ot P2} REISHH 65WOIOF

SE: LETth > 60Mav-cm*2/mg,
TID : 100kradd| & at S 150mil
(¥2 MEE MBI,
HAE EAY=e| LE 3 X0/ TD
EHAE, BAAL 27 UHE)

SE : LETth > 60Mev-cm”2/mg, SE : LETth > 60Mev-cm"2/mg,

Radiation 27
TID : 15Krad0| & at S 150mil | TID : 100Krad0| & at S| 150mil

Mass 27 Pa} RESHH 15Kg0I2H Pet REFEHE 30KgD| 2t P2t REFSHE! 20Kg019¢
TZnEE NEEE,
Mission?| 2t 27 sE-74 18-154 HAZ,ZHA TS BE S2 MO|2
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Nels @7 057202 oal Hils A el e 52 Mol
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CPU (Mobile CPUS)oIME LA o] ALE=
ZeAEL AT 7S dEAen, F1
Aeroflex Gailser9] ]+ VHDLZE=Z AMBA
AAsE 2L FPGAVISES FEHE9A
5 BoldAME 1 AEAAS AT Ut v
Table 2= €A U AAZ/FAAEZ OBCAlA At
23 V|FES X+ OBCoA] AMBA Busol] &
Ast7] A = i T2 Ve BZEo|th
232 CPUY CPUFH ttE FHctZo Ezst

W& PCI 7|Hte] CPUEE
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Table 2. Domestic Developing AMBA [Ps

Number 1P (Source) Company | AMBA Connection

1 DMA-UART g AHB Master & APB Slave
z TDEI (Time Divisioni Bilevel Input) HH 2 APB Slave

3 VBPO (Variable Bilevel/Pulse Qutput) HHllz APB Slave

4 DTC (Direct Telecommand) HH 2 APE Slave

5 DTM (Direct Telemetry) HHz APB Slave

3 SADE (Solar Array Drive Electronics) HHz APB Slave

7 TDE (Torque Load Drive Elactronics) HHz APB Slave

8 RWE (RWA Electronics) HH 2 APB Slave

] RWA Tacho HHz APB Slave

10 AD Conversion HHz AHE Slave & APB Slave
" High Level CAN Serial Bus HHz | AHB Master & APE Slave
12 Core8051-FT aH3 AHB Master

13 Uplink (PSS-04/CCSDS Selectable) HHl4 AHB Master & APE Slave
14 Decryption A4 AHB Slave & APB Slave
15 Mass Memory Manager A4 AHE Master & APB Slave
16 Downlink 4 AHB Slave & APB Slave
17 CAN IP for Spc. CMD HH 4 APE Slave

18 RU WDT HHl4 APE Slave
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Fig. 5. Comm. FPGA Concept for CPU Board

Table 3. 10 Access vs. PCIl Access

PCI 33MHzE 72Words AHBRAM Access
(PCI Grant= Z2f 7+,

AMBA Grant= AMBA Clock 20MHzZE LHE
Burst 16Cycle® JHd.)

CPU to PCI Bridge : 72 * 30ns = 2.16us
PCl to AMBA Grant 25 : 16 ' 50ns = 0.8us
PC| Bridge to AHB Slave : 72 " 50ns = 3.6us

==» & 1 2,76us + 0.8us + 3.6u5 = 6.56U5

ATE97F BOMHzZ,
10 Wait 102 8 72Words Access

CPU2| Access| 72*12.505 % 10 = 9us
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A 7z ZREAES WE HMEY oF
7MY Bol HAHE 84 F9Y 3 . BFA|RE
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Table 4. RU Design Comparison

A= 0BC EEEEL EFH 0BC
FPGA + FrRoAY FPGA (CPUEE!) + Z'EEPROM,
RUS| B2 P - ST Oring Diode 32 + 22 & g
870 Memory Relay SRAM + 207 Memory Relay
M Memory Relay
JHEE SWE Fod
FixEl EXoE Fix® HiEE !
] - Event 157 2l ¥
=% 2 Event5H ZrAl %, Event 107 ZAl & S s
agol UE P WP | dze T Fosl e S
HEs Hur 2tEk HwilEs 27 Hw= cou
ki ik = Swi 3| o
= = = % 2 & (RWaE F
5 (2FEFEER] O, oF (Hw 2| 2 B H o3k
g S iny e OIE MU, BAAS
HwHel 3 270 28 Sie Elect 28 28) | oo 00T
. \ Z (FPGA2} EEPROM,
A (FPGAZH Relay .
8l 5 & w8 ,
e M s Falis oty 5 (2 20| SPFR ) SRAM, Relay Failure Rate)
<SWHEE X3 e

TE IPE9 32Bit Y= dolEj A% A= o]
7V EE ) 3 RUE CPUR Td3 734,
< Table 49} o] 7|& AHAE, AAHE= RU
of HletH, 7t 43 MAEHATR, A=
& SWHAZ 13 534S =okd 4 Utk
2.3.4 Serial Busg 0| &%t OBC 25 HZ T =
CPUS IORES 4§ @9 A3 FAalwol
2Z7] wjol &S et SpaceWirew i
3 OBCIAME & ool gt wakA 10E
A4:9] Serial Bus® AAFOZA Al2¥] H
E AN A Y EUHPE §o|sHHA SpaceWire
of & 1% 3% F4 FAFEE =49 F
ATk ©]#H 3 Serial Busd FEHZ= A& 947
ol F2 Al4-3 1553B Bus (IMbps)et &3
A 48 AsA SoA Bol A3 CAN
Bus (Max. 1Mbps)s©] Ut} ©] 5 1553B Buse=
CAN Bus®ll BlI3|A] Alg]do] wf-g- =2 wiA 3}
Y4aR7F A7, Bus Couplersel AZZ <lafA
By7} Atk & 34 Bus Master§to] EA4l9] F
A7 2 F e T4 JATH A= At
t}. o]o] ws]l CAN Bust o}3 A& Adle
AL 237 dA|AT, 1 tFAdL AY s
E, =0z F5..)9
8 EokdA HAFol @ AElolH,
Master7}s 724 v o] A5F 4 Alx
ol Hgsita & & Atk &8 CANF 22
Hl57] 5412 914 OBCEL dvit= Al~H)
oA H3stA k& 4 Aoy, CANOpenv}2F
7} El= FSW7F &4} AE3E A|7to]] Task® 74
o Fo tFEe A4S AL Ao, ti
E CPUX.EV} old E HIEE FSWE 8 A
ot WkS-EE TXE HEEE & o FHo)
o} ¥F3% OBCoA CAN Serial Bus= CPU$}t
[0%}e] AAaEw ofye}, F712 0= 2714
9] Serial Busdl= AF&-HT A= CPUSH F8
RIE7to] Data% 412 $3F Inter-Link Serial Bus
ZA g 22 985S it 1A 7t
259 APBY| dZF Pulse Serial IPE A

o
=

Table 5. Serial Bus of Standard OBC

1o Inter-Link Pulse
Serial Bus Serial Bus Serial Bus
TCTM, RUZE
CPUZt TCTME
-3 CPUSHIOEE | oo oo | DM 2% Pulse
ritical i
= R
. SDO + o
SDOE E%t 4 — | PDOE SFF Multiple
Exa ; . |PDOS ST 2E
Point-To-Point HW CMDT &
Z2te| StatusE R/
NMT CPU R/R
CPUPoOrR RUPor R
Master or RU P/R
HAE CPU2} 102k Dedicated Dedicated
ALl HE|  SpaceWire Hard Lines Hard Lines
XA cPuzt 102k Dedicated
i IMSL, IML, IPL «
&0l MH | parallel Bus Hard Lines

3, CPUZHe] 541, RUZMY 541, CPUSF RU
7te] FA4lo)| AME-Elth B FSW (Flight Software)
o] BA AgelA dof CPUS HEA7|&= Fot
RU o3 A% TLM 8% Hd$S 7HeEST
g F HAs #9 Ze A AA 48 npp
= Pulse Serial BusZA L FAo]A FSWo
ojEstA] a1, RU o7 #5/94 33 WA
=9 7] 25 E dAst= CAN #HAAE A4
ok 1€ A E Az TTLAZ=2 &9
A7) Wil 4 WA E8 A5 FUhel 9
g REgte] A4 syxrt §43] SUkshe W
A7F 91o]A4 ©]Z CAN Busd Z2EZ=E i
sk Aotk & Al o8 FSWelE glo]
/948 F4E WASkE HW CMDAE A
CAN WAAE Aot webx EFF OBC
4]= CAN BusE ©]&3}H, 370 2] Serial Bus©l
CANOpen’d 9] Z2EZFS A&39oH, 5=

24 e Z2 I EEE OBC

AFA EAF YAES WPoE
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Serial Bus
[
=
o
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A §
o
PAR=
ke]
N
SV o
T To
c

Fig. 7. Standard OBC Architecture on
Developing
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Fig. 8. Power Concept of Standard OBC
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RU Reset CMD
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Fig. 9. Reset Concept of Standard OBC

Table 6. Standard OBC Features and Roles

Power 50V Input, Hot/Cold Redundancy2 5 = &

CPU ATEITF (BEDMIPS at 100MHZ)
215538, 4"GRCAN, 3*GRSPW2Z, 4" DMAUART,
External RTC, HW Floating-Point Matrix Multiplier
cPU O 22| [Dual ZMB EEPROM, 4MB SRAM, 64KB PROM
CCSDS/PSS-04 Selectable, Uplink Encryption,
TCTM Low & High-Rate Downlink, 2GBit Mass Memaory,
RU WDT Monitoring
RU Core8051s FT, Both LEO/GEO RU HW Resource
Critical DTC/DTM, Critical Status Gathering,
Critical Pulse/Bilevel Output without FSW
PDM Critical , CPU, IO Power Conversion
DTC, DTM, Status Gathering, Bilevel/Pulse Output,
SADE, RWA Tachometer, Time Distribution
Max. 240Ch Analog Input, Flexible Single&Double
Analog 10 |Voltage/ Thermistor/ADS5%0, Sun Sensor Input,
TDE/RWE Driving

ETC RU to Downlink, Flexible HW CMD

Pulse
Priority

CPURLE

CDD

Digital 10

HW CMD > RU Output > FSW CMD

PM (Prototype Model)©]
9:1—7:] )\ 6—] (Odp:]-
‘ﬁ;‘]%, As/E4, 7\}-’Jr/7]'”‘q ‘:‘:)‘AﬁL QM
(Quality Model)7}A] 78 o Fo|t}. 2 &
AMe dF I0R=SS vie 22 Ad 7rt
o7 F¥sa o} CPUS T8 HEELS
He e HASS AT d=dol/aZEd
A Sl Atk o Fig. 102> A4 PMEDe
CPUE.E A}zlo]H, Fig. 112 HF 4 A2

717 4 =g Uehdth

¢

ok 1o it Ao

Uplink Decryption
Module

Fig. 11. Expected 3D Model of Standard OBC
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