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A Study on Reliability Optimal Design of Satellite system
(Based on MSC System's structure of KOMPSAT-2)

Heung-Seob Kim*, Geonwook Jeon**

ABSTRACT

Reliability is defined as a probability that a system will operate properly for a specified
period of time under the design operating conditions without failure. Reliability-Redundancy
Optimization Problem(RROP) involves selection of components with multiple choices,
redundancy levels and redundancy strategy(Active or Standby) for maximizing system
reliability with constraints such as cost, weight, etc. Based on the design configuration of
Multi-Spectral Camera(MSC) system of KOMPSAT-2, the mathematical programming model
for RROP is suggested in this study. Due to the nature of RROP, i.e. NP-hard problem,
Parallel Particle Swarm Optimization(PPSO) algorithm is proposed to solve it. The result of
the numerical experiment for RROP is presented as instance of recommended design
configuration at some mission time.
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and position vectors and position vectors
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6 : End
7 : End
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2.4 =X 3 o H(MSC AlAH) RROP® A 312 }= Element® HF52 ¥
= % 29 2o HAE FEFK)E 18 79 &3
ol F9l4d 259 MSC(Multi-Spectral Camera) | i E}Zﬂ (k) ) ‘jﬁj\
A2Ee 1mF EWIAT dmT B A4S A A ABAE 7]—1:2§‘ stom, Hu T
Fo glom, 450 Qe AnAd, Adq (S OME ANR oA EemenSe @
HA2E 7E S euw ol Apaseg 2 FEFE 20174%] s
o 2% 8 BA 28 EOS(Electro-Optical Sub- et el HelE = Fyffe et al[15]9 <A
system), IR Ate] B4 2 wAjA F2A o] & AMgsldon, HE AR ofgFdeA 2
E F33t= PMU(Payload Management Unit)<} s AAFHEd)S nHste B agE=

EOS7} d53% dAARE AGoE FAs=
PDTS (Payload Data Transmission Unit)= /3
5o} Ith14]. MSC A28l AFE B2 rho

ket &3S ALY o, 298 794 PSM
Bus®} SBC, PSM THTM¥ TLM, CCU¢ QTX
Element= 7} 1709] Set 1E o2 13 yoH,

oja@e 13 79 2ois]. E3 CEU MS(27)), HEATERR(878), THERM+
0o Xol3 o} B PR
241~ MY =AH (571 Elemer_ltEL_ 5 é?‘_btﬁ‘l FEE etk
_ Elementd Hi/Ho FFF, Uit RESFH
FA Ao HLE PPSO LauyEdF FHLd
W 2elsmo] geluHE ¥ 13 2oh ¥ 2. Elementd &, & n,,.
No.d) 1 2 3 4 5 6 7 8 9 10 11 12 13
1. PPSO % Hs8g WIF &+ mizio|H k111 11 91 41 41 1 1
PSO Parallel Fitness Noaxs 1 04 4 2 2 24 6 12 6 12 6 4 4
Para. Value  Para. Value  Para. Value No.(i) 14 15 16 17 18 19 20 21 22 23 24 25 26
Particles 200 Swarm 5 [} 1 k
lteration 50  Mig_Freq 10 0, 2 ottt
&1/, 2/2 Mig_Frac 0.3 6, 1 Mnaxs 4 6 4 4 6 4 4 4 4 2 4 2 4
E_(_)_S(El_e_c__tm_prcﬂ_Suhsyﬁ_tem) ____________________________________________________________________________________
cC CEU PAN
o i 72 | ceums H cBuMS B
CEU PAN

PM Heater \ PM Therm. || [|_SM Heater | [ SM Therm.
@ | 912 [ I 13 { | 4/6 ]—[ | 173
PM Heater ‘ PM Therm. ‘* ‘ SM Heater ‘ ‘ SM Therm.

‘ Tube Therm. ‘

‘ PAN Heater ‘

% Tube Heater # [

| 46 [RE

Il

] o
1/2

% Tube Heater # ‘ Tube Therm. ‘

‘ PAN Heater
H = ]@
‘ PAN Heater ‘ ‘ PAN Heater ‘

[PAN Therm.

MS Heater

1/2 | 13

1/2

[ PAN Heater

1=y

[ PAN Heater H HPAN Therm.

MS Heater

MS Heater { MS Therm. F
| 13
[ MS Therm. [

MS Heater

.......

1/2

PSM THTM H TLM

: SBC NUC :

: 1/2 1/2 1/2 1/2 ]—@ :

PSM Bus H SBC PSM THTM H TLM NUC APDE |

....PDTS(Payload Data Transmission Unit) ..
cCcU QTX

® pesu_J- asviz v e

ccu QTX

¥ Note 7} Element 5% k/n : k-out-of-n 1-%

A2 ==9 [] 7]& : A Cold-StandbyZ A7
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¥ 3. MSC Al2" A3 of# £x4¥ dolg
) Choice 1 Choice 2 Choice 3 Choice 4
SUbSyStem(l) /\iz, Cz'z, wiz, /\1':, Ci:, wizl /\7',:, cz:, wi:, )\iz, Ciz, wiz,
oM 4,010 1 3 2,762 1 4 3,589 2 2 1,952 2 5
CcC 1,952 2 8 2,355 1 10 2,762 1 9 - - -
CEU PAN 6,185 2 7 4,010 3 5 5,300 1 6 3,173 4 4
CEU MS(2) 7,091 3 5 5,300 4 6 6,185 5 4 - - -
HEATER(8) 2,355 2 4 2,762 2 3 1,952 3 5 - - -
THERM.(5) 383.0 3 5 769.0 3 4 1,160 2 5 1,554 2 4
PSM Bus+SBC 3,589 4 7 3,173 4 8 2,355 5 9 - - -
PSM THTM+TLM 8,019 3 4 4,010 5 7 3,589 6 6 - - -
NUC 1,160 2 8 383.0 3 9 1,554 4 7 3,589 3 8
APDE 7,091 4 6 6,185 4 5 4,010 5 6 - - -
DCSU 2,355 3 5 1,952 4 6 1,554 5 6 - - -
CCU+QTX 8,970 2 4 7,552 3 5 6,185 4 6 4,010 5 7
ASU 769.0 2 5 383.0 3 5 1,160 2 6 - - -
APS 4,010 4 6 3,173 4 7 1,952 5 6 382.5 6 9
# A, 1 FIT(10™*failure/hour), Failure rate of fault detector=383 FIT(V1)
E 4. AA Yo wel FME= dH FE(PPSO gn2[&EQ FHMal)
Redundancy_Strategy i
No. Life Choiced component(z;) Used Reli
Number “of ‘components(n.) cw @bty
NAASSASASASAAASAASAASSSASA
1 3year 4332223132311 1321321121114 19 400 091474
1342212827 27 2333233234232 422
NAASSASASASAAASAASASSSSSSA
2 5year 4 2 32223132312 138322321121114 200 39 081910
134221427 282333233233232422
NASSSASASASAAASAASSSSSSSAS
3 7-year 4 23 2223132311131 1331121113 20 39 0.69985
13322127 28233323322 4232422
NSSSSASASASASASSASSSSSSSAN
4 10-year 4 3 3222313131213 21331 121114 200 40 051211
1 33221€28282333233224232421
FTEASY HddE 19 o, gAY & & Bo=m &I wE AFE WHEE AT
FHe 328x 1058 213 da= a9 83 2o Zp AAFRddN FH9
EE T FEINAE HHUOAW, HAS
pao AT B4 T Hot‘:o 1_ HL F/do]A A
Bel o] EE o FelME HAo| ohde el
FALYAN Azde FAS S 74 20, @ & Atk 5 AASY 096] FAH TR
FA AL 40002 a7gstar, dFde] AAl o 5\A7R] HA AFEE Ho|w, 5d o]Fo=
FHg ad, 59, 7d, 10402 WASRN 48 HASY 3de] FHE T2/t AA NAES B
sk Th oli Yot AFHOoE HAuHWH, HAAFHE F
AAFEC wet Q=7 HAdstEe A4 HD oA FR 5 A LQE% Holg &
TZE ¥ 4(PPSO JMEH)Q} Zol yestth. & 712 AAFE 399 FxE 32549704, A
49] 3 EHoNA A WA £ 7 Elemento]l F 49 5399 FxE 3259 ~6159, AAFH 74
Aee FEAHS UrEM%D%, T HA E2 23 9 FxE 6159~844, AASHE 1089 F=x
o gt E F A Bz ol [ndexS HAE = 84 o]AolA] Hu AEE molm 9k
I Ak A HA 2 @%ﬂ% FEFoth 4 = FHUY QJIEE Hole FRE BFH 8713
NME TS FHANME AT et 4 oA HARAD
He AA 727 delds ¢ 4 dth gk ol FAd 25X H AF VIS AR
T3 4 AT X —?—id% AA F2E 8t 7Aool AAFEo] 3d~7d9] FHo=



1158 AEA - AW L2 T B
0.96
—3-year —3-year
—----5-year ===-5.year |
—-=--7-year || ==-T-year
g _______ 10-year % ....... 10-year ||
z 2
3 3
2 z
P,
5 SO R B
@ B N .
& : ) & 076 \
0.86 <« Max=3yr Max=5yr ‘ 0.74< Max=yr by
3.25 0.72
2 2.5 3 3.5 4 4 4.5 5 5.5 6
Mission Time(Years) Mission Time(Years)
(@) 2~44d FZt M= E B35t (b) 4~64 72t A=z #s
0.8 T
""«. —3-year 0.65 — 3-year
'\..\ -—---5.year -.':_--.._._ ===+ 5-year
D =-=:-7-year \“:':'s..‘ == T-year
% 0.75 .”'A':T,‘,'_'_n..,‘_ _______ 10-year % 0.6 ?":::“* ....... 10-year
. e - H
z R 2, :
£ o : -7.,,,.#“‘_i z TN
< "l 8 :
3 : T 3 : :
(3 0.65 : M, © 05 : S
L : ) § i h
& & 0.5
0.6 : :
Max=Syr | Max=Tyr | \ padlax=Tyri Max=10yr |
6.15 8.4
0535 6 6.5 7 7.5 8 8 8.5 9 9.5 10
Mission Time(Years) Mission Time(Years)
(c) 5.5~8d Tzt AM=T Y35t (d) 8~104 T2t A=z Hst
HAFE
5| 5| 5| 5|
EY-TTPT 3 5 7 10
34 0.91473 0.91422 0.91132 0.90270
54 0.80786 0.81910 0.81639 0.80620
74 0.65823 0.69629 0.69985 0.69376
104 0.40236 0.48197 0.50291 0.51212

a7 8 287(2hol e AMEE Ha AAH

AAEY, . 83 #Zol Zt Al Fxol sl

AHEE 43l HZF(Trade-off)S T3 FHZH

TZE 24T davt ot 19 88 Eud A

Agd 59 = 7399 AT/ FHE & A

< ZoE dAddET g ARz AT

o] o] AAEE 71 Ee HAAGAS %7
FE FE3] neE oo st
m. 2 8

2 dFdAMe 548 715S FIsA T, F

At

or Cold-Standby)<S 2
T3 NP-hard¢! 3 EAZ ERIEe
RROPY &y oz PPSO ¢id]|&S A<ttt

TS ol @A 259 MSC Al2=He] AA

H =

ot FAAPe AREREH HAF
H39 47 727 AR FAT & A9e
B, 47130 WE AT Wsie] 4L F
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