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A study on the availability prediction analysis for the Environmental
Satellite Earth Station
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ABSTRACT . .

To predict the system availability of the National Environmental Satellite Center Earth Station, mathematical models of H/W
and S/W availability, the availability estimating methods for parallel were systematically presented in this paper. Furthermore,
the results of the availability prediction for the Environmental Satellite Earth Station were estimated.

The analytical results of Environmental Satellite Earth Station system availability were estimated as 0.998072.
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A Availability

ACU  Antenna Control Unit

AFR  Annualized Failure Rate

BB Base Band

C&M  Control & Monitor

ESES  Environmental Satellite Earth Station
D/C Down-converter

DEMOD Demodulator

DRSU D/C Redundancy Switch Unit
H/W  Hardware

IF Intermediate Frequency

ILNA  Low Noise Amplifier

LSU  LNA Switch Unit

MODEM Modulator/Demodulator
MTBF Mean Time Between Failure
MTTR Mean Time To Repair

PM Phase Modulation
RF Radio Frequency
S/W  Software

o

GAE] A= 94 "HAA &
FA](Monitoring) 8F1L $143 0] 42191
ANTA B S AT} Bl 94
Bl S A2)/ae)/EA8ta o]& A&l Al Hulat

i d
O

N oy o
__\TL‘ N

fr iz 4 fo

olf
o

p

H
N
)
o
o,
= 4o 4
ox
23
£
N
oi
.I-‘,.l
>,
N
T
lo
&3
0,
)
T
>
|z
>,
)
)

= 2=

S
>

>
ki

o
g MBEALE AR
A}z a3 E
Alzglo g e ol EA 8t ZF A BA| A 414

2O Qo] AE o aF 19} ok

=]
ey

A8 /\]/\E’ﬂ x].e SR

P RE AT =Rk IPS REPA TN = PA R IS

HE R0 2015dE Y
b ety A REATS) 9AA
A5=gA 1 20159 119 209, 44

8
Sl ==y
H
253
Q] Z
=Y

SLH|(NIER-SP2015-144) 2| o] oJaf AT LS.
FAIE] (jweun@nsu.ac kr) (goori0301@gmail.com), **=+ 34118kl RG34 A5 K choiwj@me.go.kr),
2} ;20154 129 179, ZAAE

FAUA} ;2015 129 244

107



ra
Al
1o
0x
0
i
on
S
il
ﬂ
|'-|I:I
>
2
3
rH
Pl
~
foi

e
MEAA" VAT

e

feProcessing
o
oress
[ Feay }M[ sy
MEA A MEAAY
l' POt

Cnnsulauvs oo
L= DstDuon Excrange - e
Workoroer Workorer
[ XHRHE ] [ X2 g X2 2| J
MEAA" MEAAR MEAAR

a1, SEAEXET MEAAY = 2 R 2AEH0|A

B R 3394 4T FAS uSahs A2w 7}
$E8 AFHY] ddto] MR ® 2
MEAL Azge] g@ As% 7F8E, MIBF 19w
MTTRS &iAat} =g 7hem 4 53

e
i
>

(Redundancy) %9 7H&= AXF 7HS 24
ol ~9]x] Meld W x| El 7L G2 WolS 7]%al
ok

B melM agehs 9 Al 2 10 o]
AJolm, Azl 7RSS QA 9.7 % o)Folofof &

Sl RS B 80

Hate, Azg RS T A hgste] AEHck

- AzRe 9l MBAzgle] 48 Adso] P4
.

- ApAzRe 24 B BAoR
o

- A28 LANS A|2® 52t ek wX|=] oz
I 7= 100%0] U
- 7} BA2ES A 7] 7] (Laser Printer, Log

Printer, Line Printer, LAN Monitor)&= A 228 &2}
A FEge XA &ga, fJA FARFTE 7FsE]
o] 1 7hEEE 100% olth
- 7} qEA2E] AxEo] X2 ade] 7= E 100
%o]tt.
2 oA arEshe A AT AlaHle] /W th
& 1 29 o] FAEU]

AR o] dvt F
Euas ,\]7]. Eo]- }\L/:Eﬂo] }\6]

ou} §]=shs A aE 4

N
o

oy o
N
!
e
o
Qﬂ
r
2

o ol flo
o

N\
o

E
>~
2
To
E

H/WA| 25 TrX] ETZ}ETH Xﬂ*lﬂq—.
H/W 7heie= Al2dle) -5 Ads & o = AIRE

o] Hl&REA 1 w4 Bde v5y Z2ri4]5]

y MTBF,
' MTBF,+ MTTR, o

A7) B it AR AE S EAGH, iR A2
o] MTBF, &= 412 Al==e] MTTR, & iAHE /\]i%lal
NEEE epa,

1.1 AM2|=(Reliability) BE
212 E(reliability) = Al2~glo] 2tk SXHRE o= A

A A 17 glo] A% w2 7t
A T2 FEEA A2E 13EQ)

(2)¢} 2tk MTBFE Au] 271 A4

gk Wt Ao R A (3)¢] Aol 2THeL

R(t) =e ®)
MTBF = OOR Ddt = [ e Mat=1/x 3
f ) (t) / € / ©))

A Al 2~8) oA ZF ABA|AES] §Y(Unit) 12739]

AR A28l Aol o3k n|x|x] o =AM R 7Y
&t A8 2ol GEFS WA= A BEAI AR A BA
A

[e] [e)
29 frule

108



HAYNRINZ NAY JIBE HSEN o

1

= oz ES A4 GERA Al2F

Q50 A3t drk gukd o Al AES LA EE FEo)
U A EA| 28] Zhzbe] mgo] Alsw] el kg wlAW
M Px REg APAA Aavlor spgelel B
=2

19 39 Zo] N7je] AB Al2~glo] Ad= Adx o] &
N2de AT 39 RE QB A29E SAd 54
of gt} whebA], 2 A 28le] THEE(A ) 2 (D9 2
o] Zt MB Alz=gl 7HEE] Hog AbEHrh

Subsystem 1 » Subsystem 2 « —» Subsystem N

a3 3. =Y AAY HE
N
Agp = 114 @)

MTTRg® A8 A229e] %2 tig wAt 5]
of @7EE Ao, A28l AAe] MTTRE 7 A8 A
see AZE s MITREZHE AG)7 o] 2+ A A
%] MTTRe] #olt).

N
MTTPg, = ]iv > MTTP, )

i=1

M1IBFsre 28 A 2=glo] 22 s2hste] a17go] wAysh
o) 74A] Aoz AlzEl Aol MTBFE 2H A8 A2~
A2 AFE= MTBFe] &<olt). 4 (3)3} (6)=F-E 24
Alz=®le] MTBF& 2] (7)3} 2] fich

7

Ry =LA == = ©)

N
MTBFg =1/A=1/(Y,1/MTBF) ™

i=1

thE W o g AJ2gle] MTBF= 2] (Q)=5-H 4 (97}
T=Hth ASR¥ MTTRSR 4] 4) % )= F¥ FEdh

MTBFg,
B MTBFg+ MTTRg,

A ®

Agp
1—Agp

X MTTRg, ©)

MTBFg, = [

A28l 317g-&(Failure Rate)2 @91 AlRHg 7 WS

22 2 @)l olal 4] (1003} o] FAHT, ojw), n&L
AR ow 1009 A 2 MRS B z

g AlaEe] e A (DEYE A (D] F=Hr

10" . ,
A= MTBFy, (Failure times/M hr) (10)
N N
Agp = 23N\ = 2, 1/MTBF, an

i=1 i=1

Subsystem 1 A

Subsystem 2 A

Subsystem m A

Subsystem N A

a7 4. WY Y 0lFE AlAY TN

19 45 7o) o] 8] Au Alzle] WE
Shbel Alssle PR u), wE A BAxo]
Sokut ek Alglolebr hg i H@A
ashste] slAER, ZHEEE A ()9} 2tk ol F8h Al
o] 213 33} o] AR NAj] ArAEl 5 & sl A

2Rl BABOlE FAEE A sgolehy, WE ]33} A

)

BA|z~glo] BiE g uhA] o B2 AlaElo s s
T Stk ofu AJAE] THEEst AlEEE g SHERNE
2] (12)9F 2t

App=1—(1-4)" (12)

211 o|%3}t Al2=gle] MTBF+= 418 %7F AZFkE2 1A
w0l 9d& - 4 QS ol8ste] 22l ofa) Artear, 4l
=7k 54 ARtel via) EAH S A A ) (12)
£ ol&sto] 2 (13)3} o] Fdrh

—t t

MTBFpp = 1rigy = ; = (13)

_ _ MTBF
i In(2—e )

109



x| M10#H A4S

I'-IIZI

o133 Al ek AH)
YuE Aol HEEE 9% 5

0}0401: stk ol %} T
F AZIN olF8t A}
A0 o3 A9 wo}# Wl o] S} A HAI R
FAE v} o35} Ao} 29118 WAskE el vk

2~

oz (I
1)
R of

Sub. 1
a3 5. %BH o|&
1§ 59} o] A™ S o
01v§}o}71 el HER wjx|sta, o]Fs) =9
oA AloIstE S gt} o]uf
él (4) 2 (12)°l <)) 3o
A (SWD) &) 7H4 =

o} o] 2E L)

p

L

oT
o
N
OFO

A
weow

A, =[1—

sYs

(1—A4,4,)*] X Agy,
= A,A, (2*A1A2) X Agyn

W
3
—

(14)

P

O

Sub. 1 SW 1

a# 6. =SH 01T

SW 2
st AQIX| WX PAE

Sub. 2

A1 A ) MRS ALtstal ZF 73 f-ol gl o]
3} 29A9] VMRS FEoEN AlxHE VHEEE 2
(15)¢} o] AtzEHr}
Asz/s = (2A1 —Af)(ZA2 _AQQ) X Aém (15)
= A A, [A, A4, —2(A, + Ay) +4] < A%y
2. S/W Program 7%= 43+7 md
H/W A2ge] FARZL Anjdx] & AdAAIT ] 55

110

of w} F-5e] = 2 0 5o VMRS X8
M= =5 H FJJ o 5o wAeh 22 FA R

gl WA olth sk
H/W 74 BE3= g w3 gAY 74 1A 9] uf i
o] Program ZHA1¢] wAl7} L7514 @R=THT]. web S/W

Program 7}-§1:=9] 42814 e thga} o] siAjgrt.

MTBF

A0= JTBF+ MTTR

(16)

o}7]4], MTTR = 0 o]t}

I SANRANT A28 7HEE B4

1. Antenna ABA|AHIS] X HX

=)
Ly |

494844 TS Antenna ABA|Z8le] 74
= B4E 9% 7l %%C~ EE 7r+ 2t} RF Al2gle]

o1 fonz HgE 7
o] 22912 wj
% *HXl wjx] ol
51 o] F7hek 2914 W]

test translatori= A]2~H]
o]

][5

M

u
~
>
2
[
]
5
Q
x
i
=
s

=
lo
N
or

2. S/W ABAAH H/W 7[E FX

FAAAAE=TE AR A B2 (subsystems) 2]
S/W Program®] 7H-== 100 %2k 7Fg s v, H/W7HH]
Q1 Sever, Router Z18]31 PCRF A|28] 718-mof J8kS ]
Aty ohy 19 88 AR /W A BA2F
HW 7= #4495 ¢

from MODEM/BB
L( =L S
H Server / Router H

A
a

1=}
R

MRt 4
Server

23z
Server

IR
Server

U

Stega
Server

WEL
Server / PC

AEmd
Server

U

a2l 8. S/WAEHA|AH!IQ




2Ee

UMRINT ALY JIBE GSEA o7

&0

Ry

S A=

N2 FHGE o2

B Rl A9 A)Ee

23

"E:]O] 104 o]

A olmE A|2El 718 AJZFS 1009 AJZFo. 2 A Asle] A

R g T Tles o8

Engineering) |3k /W 11%=8}
& 7%317] 918 Preventive 12|54~

FEAT E FEE AL RE PRI A2 BS o o o s
o JFL A FRo|nT AP A|zuloR s3] ===
. ZF 4B A= MTBF, MTTR ¥ 7M% o= 2447 [1] &&4 9, “H3 A= A7 E AT Al=d € <l
21 (4), (5), (7), 15)ZRE] AxtEw Axp= a3 93} 2}, Elslo] 2 Falom” srdehd vebel, 2013, 11
[2] Mean time between failures, http://en.wikipedia.
p— o ” o - org/wiki/Mean_time_between_failures
— - v T o - v T e - v T e - soe oo [3] Failure rate, http://en.wikipedia.org/wiki/ Failure_rate
PToen]  Pitwes]  Ualew] [(alos] [alowss [4] Pratt, Timothy & Boston, Charles W, Satellite
_ ! Communications (John Wiley & Sons), 1986.
R | e | | g | s | onsy (5] She, Jieyu & Pecht, Michael G., IEEE Trans. on Reliability,
e s s s s 41, 72, 1992.
1 [6] Maral, G. & Bousquet, M., Satellite Communications
o P TS Fisaza Sl Systems (John Wiley & Sons), 1993.
ST E ST E T2 ™2 (0 Hihes Avalablty Modds Prodctions for ICS Prejct
] (Hughes Information Technology System: Maryland), 1996.
= A P
P SotE L mm
a2 9. MX|HE 289l 2Bo| SAQMX|AZ A|AHIQl 7}
8% ol Mz 2 & #(Jong Won Eun) B3|
-1987d 59 (v]=) FEFEHUIE

V. 2 &

A% (Errors) <

=4 0}04 4 OPE Corrective F-4] 2.4~

- 39 37 (H/W, Operating System &) 7141 (Upgrade)
Hglo] g3t AHEeA S/W Programs $783H=
Adaptive F-A| X4

- S/W7F &&HEA AHEAZEEH 8 5HE 2L 7]
soll tigh a7-9F 71 71wl tigk 78 AR, 1elar
AEA Q] 75l digk 87 AFFES RESAI71V]
$ 8t Perfective 4] H4~

- g9 Zrad A g AFeE
S/W7F wWAEoJoF & AS-

FEN7171 flto]

9 F3HReverse

11

gkl MS & Ph. D.(&2]8h
- 19864 29 ~ 1989 2€ : (W) E§-
F=(NASA) Marshall Space Flight
Center AQPA-4

<1992 9¢¥ ~ 199y 449 ()
Lockheed Martin Space &7+
- 1989 4€~2009d 9¢¥ : ETRI HIA+4Y
- 200511 39 ~2007d 2 ¢ = EEAT STy

- 20119 9 - 71 71E7kR] HIMAF

+20099 99~ @A) @A e let YuEA TS} W 9
A B G A
<R

o> : _,4/&5)\] _',]/K(—)]Zé_]}_lotﬂ-7]%, AAE 71494
A, A= A4 Ad=TIE R, 2
T-DMB Al=8, IT7|%F 3871, IT7]&0 AR, 5484

I e
Z| & =(Won Jun Choi) 5|9
- 20021 8¢ @AM gk AAL
(7144}
- 20051 9 ~ A FHIAHHEY
S ATA

<HAEoR ¢ YRR EEVE, AAAS/AAE FEHA
HAA, BE24 A=V, IT-ET §371€
3 AAR Big-Data 24 2 AF, $FAA @ 7] g3



==X M10¥ A4z

AlSH
(]

o}

o
Q
—
2,
5
=]
=]
=
E

o
—

0|

wﬁ_ﬂw
B
!
o
N
—
vl
1)
IS
N

g T AA A

DA EA AE A, 0T 71453

BERS

<&

112



