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ABSTRACT

This thesis presents the Fault Tolerant Control System for the High Priority process that
is able to control the process continuously. While the process is discontinued because of some
control system errors, the redundant control system must be able to work instead in the time
length without process shutdown. The time length depends on the systems. The presentation
methods of this thesis is using various principles of the Fault Tolerant Control System apply with
the computer control systems, Intranet network and hardware for designing the system that is able
to work together appropriately. Then the designed system is tested for searching the best time
length without process shutdown that is 1 millisecond. Therefore the designed system can increase

more reliability of the High Priority Process.
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unum R =e LR, =e ™, R, =e ™ adluaumsi 2.3) annsadoulndidn

R, =R xR,xR,x...xR,
=e M xe ™ x. . xe M x..xe™

- e—(F1+F2+...+Fi+...+Fn)
= exp(— Z F,) (2.4)
i=l

mn £ =1, =...=¢, ansadiouaumsi (2.4) 18nda

R, = exp(— tzn: /1,.) (2.5)

i=l
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71N 2.3 suusassvesssuuidevuudusiuau n miiy

' v oA A v Ao A -7 4 o4
ms‘nmm’numwme"lmmizuuwumsweumaﬂu‘umszuuﬂmqﬂﬂsmwum'u

HUYYUU 'cT’UJ’ISﬂﬂ’I‘l@%lli)'lﬂﬁﬂﬂ']i (2.6)
Q, = P(EvxEaxEsx...x En) (2.6)

o 9 =) [} - o -
dmuald 0, fle anmhszduvesszuuiidegnssliivuvinuezifinduman
P(E1x E2xE3 x...x En) fio anmninzifiufissifennduimaives

L
wmamsu EE,,Es,... E

n

] y

MANuUsenovesszUURlssuuiug s I 0 STuuReAuLLVYINULRY

szuuﬁyugmnnﬁﬁav;ﬂuﬁaszﬁiaﬁuam%uuﬁnmsﬁ 2.6) Inai'ld
Q, = P(E1)x P(E2)x P(E3)x...x P(Ex) @.7)

fmuald  P(E1 x B2 x Es x...x E») fio anmnhsziiufiezifanuduimaives
1 4 p— —
iman1sel AR E, 09 E,

0, fie Anmhnzduiissuuideuvuvuuezduman
minld Q, = P(E) Tavh i=1,2,3,...,n awisodeusunsii 2.7) 18Imih

Q, =0 x0y x0y x...x 0,
=ﬁQx‘ (2.8)
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R, =1-0,=1-T]@ (2.9)
i=1

° Y A A A “a w
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vnauMsh 2.8) madmuald R = e Tasdmuald 4, dasrdiuanudumar

o A | o a & ' &9 9 < A °
Al Lo £, Ao Fanafiivsandaiiuganaiidesmsidelnsaimiessuuausade
: Y ! :
hinanudumar Wounuasdidsdae F, s ld @aumsfie R, = e snaumsi
@) maunum Q, =1-e¢,0, =1-e,. 0 =1-¢" asluaumsf 2.8) amse

Woulnildi 0, =0 xQ, =(l-e f1-¢ ™)

2.2.3 szvuviseginsaifiFendemuuuunaissniveynsuazuY
a n’: oW v a o
Tussyueialu - gunseliideudemuiiuszuuersestlsenouidos  gunseld
4 1 Qs 1 bl b A o 1
WeudeiuuuuvLMazAsiuuYeynsnswiuiuszy - Felawdudeuunnd
P v A Sl oA
szuvhiiminewenvesgUnsainfitavizuuveynsuuazuuiy - Tagawnsomanuiuye

vosszuy Iddagnawiing wu msanglvssvesszunsunseiamaegleesuuuiden
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|
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Input | : | Unit2 [ Unit 3 : ! Output
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31N 2.4 szuuiideuvueynsy-vu nazmMsaagiees

nngUi 2419 R, e anwinzdiufigunsalmised i szvhem 18dSse

0, fie avnnheuilufiglnsalmiaen i winuduman

msaagieesi Taosuangieesluday A Faflqunssimiaod 2 uaz 3 ABDYNIY
fusgamnsomanuiidedodau A ldnnaums R ,=R,R, yimfusEnyesdau A
reFeuvinudufugunsaimizedl 4 Amualidndifudin B smmnidede|dd il
fis R, =1-Q,(1- R,R,) ienagludrszwuiuniedan ¢ Falszneudivgunsaimiag

i 1 wazd B mwsamaiugedeldninaums R, = R, = R[1- 0,(1- R,R,)]
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FuounuQ, =1-R, wilWldaums R, = R, =R, (R,R, + R, - R,R,R,) un

aunsony hivuvedeswvesszuuldsinaums Q, =1-R, - R,

=} dﬂid‘ Y : o
2.24 szuuvieginsaiivendeiuuuulugadidisesaniluga
] ] 14
ssupviogunsaififinmFendouvylugadrdrsesainuga  (Triple  Modular
{ia - 4
Redundancy, TMR) Huszuunieyldlumsesnuuussuuneuianmes Tas Von Neumann

1 4 4 L4 [
(8] iufieruediunfausnlud) 1956 Augmssuuiiosilsznon v Tugadidusaszdom

SnouawTugarin s TugadwivTnannsuun (Voter) mioidon Tugaiis Tugaifiv

b =

]
A

° LA Y A oy . )
sihwenemiyaded lumsldssvuidenvudrdoudisesanluga Ao mnnsdifd
A = = ) s [ L) 4
wninpveniialuau lugaidanufianatn  udlenimszisnnihugndesegiiesnn
) b d
wiimsihalasda Inanzuuu aunsaudasmsaedounuylugadidisesau Tugads

311 2.5 wasugasmshiau Taoda Inanasunudaas e 2.1

Input—  Upit 1

Input Unit 2 Voter Output

Input— Unit 3
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30 2.5 mageudeszuumSeginseliuy Tngadndseeeuaau
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M31aN 2.1 M3 Inannsunuvesd Innnsuuue Y iye

aouzliga ; S
; ; ] 19 MYAVBIFIINIA
Tugan 1 | Tugadi 2 | Taugad 3
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1 0 0 0
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y

o o ~ 4 Id A '3 9 P
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ffmu:ﬁ‘luamfummmﬁmu"lﬁ'ﬁu‘i‘il 1ag 0 ﬁ'aﬁmuzﬁin@mfu"lﬁmmsﬂﬁmu"lmﬂu
dmuadeoulvhezfesdiotedos 2 u 3 Tugafiawnseianddide szuusanians
awsaihen1ddids Feassnlums Tnandeuduaunsfisadinlé fe (A+B) C =AC+BC
Tavdmuald A, Buaz C ﬁeﬁmuzmsﬁmuﬂmﬂu@aﬁ 1,2 U8z 3 a1

nnglit 2.5 mmﬁmm'.nmhs%"asawmszummuin@,a%t’hsm 3 Tuga Taeld

Qo lvveeda Inaalumisren 2.1 mldvinaunis
Rpmy = BR2 =2R2)R, (2.10)

fmuald
A -
Ry A8 ANMWUNTRADYESZVY TAosan Tugaveens Inan
A oA A
R, Ao aamninyedevedluganisinan

v

R, Ao amninfedeveslugait m

m
v [ 4
mindmualdidlums Tnaafiauysel il R =1 iy
Rpe =(BR. -2R) @.11)

fmuald
8

Rpp A9 muningedovesssuuideuun Tugadhdises 3 Tuga

Ams Imana 1] al (Perfect voter)

a :{ ) o =;=l 4'!

MINADNITAANNTH (2.11) sznundmaussntsznouniluszuy uazSoulvves
'Y g 4 d °

M3 ImalinaduaumsmsmamaudIdeioveszuy @y 3 Awotlusnuaastes Iy

o { 4 4 o L} o
pendsenouffiluseuy v 2 fio Qeulundmualdtesndssnevedetios 2 dalussuy
Y ° 9 r e Yo o oY P ¥ - o 1
szassansaminu ldszuuswdeziinu ldduse anneFuennAengunssany

9y
(Combination Theorem) HASNHBHUNNIUIW (Binomial Theorem) Agil

lf;ﬂ (a + b)" =a" + nan—lb + n(n - l)an-sz + n(n - 1)(n _ 2)an—3b3
2! 3

° ' 4 ° o_d
minfmuald o= pfe anmhezdiufszuuszannsadonlddiSe s=gfe anu

+..+b"

(] 4
iezdiufiszuuee higmnsavianldduds duiu (p+¢)=(a+5) =1 winlfl¥auns
(2.12)

(n-1)p"q"  nln-1fn-2)p">¢’ rtg" =1 @12)

L n n-1 n
(p+q) =p" +np™q+ 2! 3
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o o ' n! -r r
aumsh (2.12) aunsodeuliegluglmenves rh Ao rth=-’(—)' p™’q
ra\n-—=rp

° Y A ° e'n,: A a é, A o dd a
Tavdmuald 7 fe Swnumgmssiionuaiifiedu r Aedauveumgmsaififianay
2
dumaniiu
aq Y ) J o’l’ o ° v A '
auyd szuutissndseneuimuad o 7 Tugauazdmuald p Ao anundes
i ¢ 0 ] ' ! ¢ o ' o
Wuiigdnsalazannsaion1ddise ¢ Ao anutveiiufigUnseiiuey higwnserieou
o d & ° ot a ‘3 A a Vs
1adu5e damlden g =1~ puazfmuamemssineziAaduiefiorsan Tnsunuseg
Q dy
asludumslumenves rh fail
A aq ¥ = 's a oA ' o~
nsdifianyAldszuuliostilsznouTugaifier Wufe #=1 awminaduiilugase
0 Yo o A
amsoinldduSefe p
nsdinauyAldszuufiesdilsznousion 2 Tuga tiufe »=2arumhozdui
° o o q’: =) 2
Tugaezeunsarhamduioigie pxp=p
oo aq y a ° v A ' A
nadifieayA Mssuuliosddszneusiou 3 Tuga ufe #n=3 aruieziiui
I o o Vlyo d o’;‘ I & 4 3
ugasramIs e Iddusens 3 Tugafie pxpxp=p
rannmsunumsauesidsyaeulusruuaslueunsd 2.12 nazulSoufouty
a 1 4 4 o ]
MsnsEuMNNgEUNNIMIWY D dessuviiesiszneuiman # Tuga anuniezily
< s o v o A n o A v €3
nnesndsznevssamnsoianldduiefie  p”  sfufenaiusndi ldvnmsnszoivan
NQUUNNIUIY
nsginauyAldszuuiiosdsenoveg 2 Tuga 1ufie n =2 Tasfmuald Tugausn
& < A o A o o 4? [ 4
e A uazlugafl 2 fie B uasdmuateulvuesmgmsainaunsafalusuosmlsznoy
4 ° & 1o vo d
v89531 2 Tugade minTuganiiohanldduSwudadnTuganiarsdos livhan idude
' [3 o o 3 ° 1o o J ] 4
wu Tuga A aunsahonlddiSue luga B owlidiSe awrsamdniningede
§ o v ° o o '
1éfle (px g) uazifeTuga A o liduSwgaluga B hanldd1Ss amnsomani
A A4 yya o A g a o &
Wudedelde (gxp) Wufle (pxq)=(gxp) wriuimnfamgmssiamidonly
andniudy exfamgmselliifnsay (Mutually Exclusive) uaziiefinsande'ldnd
aayd ¢ [ A a Ta g 1 -
szuuiiiesndsznevey 2 Tugaleifiamgmsel lifasuds aunsomarweziniiui
& ° o_d = 2 ° 1o & [y A a
Tugantlagiamdise  uazBnluganfnsiid$oldon  2pg  definrsan
s a o J Y o
Wisumsudumsnszawanmasfunnivfiesnui assdunainalsuseninszane
2 2 2
(p+9) =p* +2pg+q
nsdinauydliszuulesdisenevey 3 Tuga wufe # =3 TassmunldTugausn
& o w o A ot a .&’ @ s
fis A, B uaz C awawiy uastmuaiou lvveanamsaiamnsaifaiuduesnlsenou
vouszuy 3 Tugafle deeliTugasdiades 2 u 3 Tuga szuvusawdeszamisaranld

d13e iy nsdiiiluga A uez B amnsovenlddiSouasTuga ¢ Wewsamonld
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o { ° o o v o o d
dude nsdifiluga A wez ¢ mwsevenldduSouasTuga B Waunsarhauldduss
4 o oo ' o o o -1 '
uaznsdin Tuga B uaz C e ldduSoaz Tuga A Tiaunsarenldduse susfulédn
A [ ‘::ld a !l/l 1a 1A o ' ﬂ A
Reuluguiifvzfamgmsel hifiasmgu@erdu  Taveusamanuhzduiitieds
fos 2 lu 3 Tugaszhudifeldnn 3plg diefinsundlSoudivusunmsnsznoa
a -1 ' o {
nauunndumees (p+q) = p* +3p2q+3pg* +4° Mzwumsstunnindsves
VoA oA P Y 1% | '
MINTEIIE MInnuiyedevedssuunsznoudisesdlssnou 3 Tugalaoiifeulud 2
Tu 3 TugaszdesannsohonldduSsSeaunsamidenauns p® +3p%g laii p°

Ad a (4

o’: 1 =1 [ {
mnedansdifdiamamsel lugane 3 maunua g =1- p ezl @aumsfi 2.11)

2.3 szuuhiilugadidises

. 14 [ 1 ]
seUUnil Tugadid13e9 (Redundant Systems) gminnliftomiuamindede iy
v d‘:’ o A -9 [3 w 4 a =
seuy TagluszuuesdszneudnTugaididuie Idaumisarhaunaunudy defansdl
Ao o o 1 [ v :’ o 9y [ v
Tuganhdvihnuey liawsaionld  Tugadiiidisessedesannsairnunauny 14
o 4 1 o o $ o” ° g o a
fiu - msweudsiuvesginsalluszuuiiilugadidiseniu  anmdnvesinanssuany
A A A ¥ s & A J ) g [y o] 9
uuveteiivawiluuudiuiu  damaeudeudasuvufzmInzauiumsszynd 14y
' 14
madmnssundndueenll minudnyasmahnuveddugadidhses ernisldluga
veuiufivuuuviuld 2 dnuazie uuukismndontu (Active Parallel) azuuudises

59N (Stand-by) Asfiuanalugilii 2.6

o83

(M) Active Redundancy (v) Stand-by Redundancy

4 d’d :’ o 1 o o
7UN 2.6 szuvni Tugadidiseuenudnyaz iy

2.3.1 msﬁmwaﬂugn=§1ﬁ1smuvuﬁ1a1uw%’auﬁu (Active Parallel)
Tu@acﬁy1f?ﬁm'?iv‘mmuuuﬁmuw%'auﬁ"u v1enfatundt Hot Stand-by Wuulunsly
AIVAUNTTUIUMINNGATINATIY ﬁﬁnnmzﬂﬁwﬁuﬁuTngaé‘ﬁﬁmﬁv‘iwmunuﬁwm
sovhnu Tﬂuuﬁ'Tu@,aﬁéﬁwmuwﬁmuw%’auﬁuﬁy wihnuaug iy Tugandn uaz
AeuRsTUMIHgAaMsaves Tugandn dminlugandnvganiauag Tn@,acf;ﬁﬁm
wuhanmieususzdh lihnuunui lugandniesetresn Tl daomwsads mae

L4
& @

Tugadisesnuhaunenduhouniug ldfuTugandneguds  Auiuaniizmsie

° v 4 @ o 3 o o S o ' &
Maaszuuwwmuﬂmﬁmnu"lﬁ"vmﬁ Llﬂlﬂ'lﬁ‘i‘!ﬂ‘llﬂ\'lﬂ’)ﬂ')ﬂﬂilﬂUQﬁG\iﬂ'ﬁ‘B’Nl’mTﬂuQ‘IU

magfrannzvesenia Smnduimseuiinszrumsssngavnudinnlesinng oe
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a [ { < °
Hungrnandesnsadeanizveasmyaud nssuumshvzngaiiauld

2.3.2 mamauvesluganaid1ssanuud158950911911 (Stand-by Redundancy)
[} E;oy o o o P-) n’: =t 1
maiuves lugansdrseauudisessetnunseu1eniuionii Cold Stand-by
& dr oA o y . <l R
Redundancy Gauifluszuufitwiiqga  Taveeii lugadidrsesiammsodedivhanunauny
@ ' < 4 o a 4 a A '
Tugandnldednsansa i TugandnidaniudumauilssnafianiuAanainueesn
J a dy [] d' ~ [] AQ 9 3 d'l
W Fmstiwersaanalumsndsy wieveuusyTugaifanudumaliiu ilen
Tugadisesensahinunaunu Tugandn 1dui Tiduanlumsasandinszdim
o < v &y a o
AUNGMITHYAMIMNNULBITZUY FeenusomIdlumends Savsluidenarlumsdnada
Qy 1 o Y ladd’l - ] ' v 9 Y o 3 <t
Fudiudsedldszuy  uadsisndemldsionn  mseidesadnszuudisesdtuindn
¢§ (] 1 P LY o o
szuvniseld  sadaemldswlumsadsgunseinlddadeliszuudiseadmnie
t 4 [ [
unuszuundndae - seuviimngiunssuaumshifisnaideudinssuaumseengaiianm
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2.4 mamIadvesszuunuyligatiaises

Py : ° © v @ ° o
Tunsdin Tugagrdrsesiemuuuniondu ynTugalussuueeiriauniouq M
é \ a Qy o { o 9 -3 0,’ o o ' 4
a9y Ingadidseshnuiuudisesseiny - Tugadidrsesszinunsedio Tuga
o do 1 a = ' ' o g @ 4
nanimiauegiiannuAananunessy biswisohowld  sssiumsdun/dounn
Tugandnliglnuamsiauveslugadises  Suifudefionsanludmvesguvums
dualaouTuga annsanvuudsgliuumsdunlaou’d 2 ¥ila de msdunlfouiiauysel
(Perfect Switching) HaZAIT AU wWagun e vyYs ol (Imperfect Switching)
2.4.1 myvunlasuveslugaiauysinuy
o P o (3 A 4 v a o
msduilasuves luganauysaluvufe We Tugandnifanrudumaslumsiau
udr msdunldend 14 Tugadrsesszdeshidada m1n31h 2.600) minauyAnmsdultou
o @ d o t a
Aunvvauyseluiwy  wazdasimsdumarvesmsdundoudugud wenuhissuuenfa
g1 A °_w 1 o Yy a v -é’ o
anudunad ldndeiie Tuga B MidegluTnuaveemminuudaufanudumaiiu 1y
A a ol &4 v A Y ° Y a
flo Aamgmseifiluga A Fudulugandnfaniudumarlumsien  udadins
o :a' Y ° Q’ll 9 @ A'l
duilasulvluga B viumauny minvuszuuezdumaniufidie Tuga B aunsamaa

) i = é’ d’
u‘mzﬁ‘luﬁ%zmammé’ummw“luszuumﬂfmmﬂn (2.13)

0= 0(4)o(B|4) 2.13)

winluga A uay B dludaszdsfuannso@ouaumsi 2.3) Tmi'ldh
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0 =0(4)0(B)=0,0, (2.14)

[]
=y o

{ ] [~1 Y]
Tagl O Ae anndezdunszifannudumaifuszuy

0, fo armnizilufiszifaniwdumailuluga A

0, s muninziiuizifanudumalluluga B

2.4.2 msdunlasuvelugasuyliouysaiuy
A a 4 ] L4 n’: ° 1 P
Tunsdivesmsdunlasuves Tuganuy liauyseluuniu  szvhanudneiiufiee
W 5 L = g o {
Funldsuanluga A TdgTuga B udrannsafianiudumariuaniinsandas vngila
2.6(w) mntmuald 2, fe avwhesdluiifimsdunldounnluga A Tigluga B 14

o o [} P a Iy yA
[1RIYR) ﬂ"ﬂJ1501’”?]31““193&'{]u‘nizu’lmglﬂﬂﬂ'nuaulﬁa'Jvlﬂﬂf’)

0=0,0,P,+0,(1-P)
=0, —QAPs(l'"QB) (2.15)

2.5 52UUIHIAASHUY

TuszuunIuguIVYABNRIUASS (Computer Control System) gatiunlddmsums
Y 1 4 o a wa P :‘
AuRuATELIUMS IMlianudeiewazlasantlunsufifen  Taslussuyfidridises
A . A oA 4 P & Jd 9y
23l Tugouoams InInnzuuY (Voting System) tadeneninaifissmilaeinyaldniugu
A { = L)
nszuums  Reulvms Tnanfimuizauuasdon1Flussuunsuiamesnauguuuy Tuga
:’ & AQ a a '3 o
4181504 [16] fie seuuInan 2 Tu 3 Tuga mineds TneunamesaiuguaseuIumsiuau
) A A o & 1, o & ~ =4 = [4
3 Tugansenesiiedaguideinuuuuvinuiy minmiussiimsuSoufonieniyaves
> o & ¢ ¢S o H a
¥4 3 Tuga minlifisaniiaemyandn llnnemyednaesTuge Tugariuszgniinme’lyl
1NTTUUMS InInnzuuy msmauiugeievesssunnlditou’ly 2 Tu 3 gauaas1ily
aumsh (2.10) uaz (2.11) szuvnauguanss Tugams Ineazuuuiiiainiediun

wifanudumalioouing

w @ <

1] 4’ L= 1 4 adaan
2.6 MINIANUUUYBNDISULAITUHNAANIYN

d' Y o A o § &

miwoudenuvedgUnsalluszuuniinmdudon (Complex Systems) #aluszuy

(:} ﬂ' 1 @ ° Y J 4‘! 1
wilszneudisginsaifigendesuninnenatsTuga e1vildnndemsangilmsiyende

¢ 1 Yy & A 4 o o A '
voegilnsaineg Tdeglugdiugiute mseufuvesgilnsaluuuuiu uazmsidouds
t 4
uuveynsy Amsdilfadndn (Minimal Cut Set Methods) I&gntinnldlumsudtlamiil

Y o a 1 4 A o o o &£ 3 at
lagldndnmisinsan  nguyesTugaesdlszneuiiinnwddyfussundudas Tugadl
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awduiusiu uaziinademshauvesssuuezianudumaimie il minifiaTuga
A v a 0
laTuganifalunguifanudumarlumsieon
o g 3 y da a & sy a ¢
fndn  dhudnvesTugassdszaeu lussuuifidumafudwaiuduwndves
i (s & o’: o
seuyllgdueniyndvesszuy mnva Tugala Tuganilaludumaiuudineiridszuy
a g/ é’ o = ) -] aaw o o Y
dannudumadiu mnAnsanlugli 27 aunsadoudludmussddtanngm 1dds

<
A1TNN 2.2

L

1 X () ¢ o 1Y 1A a8 o
317 2.7 maFeudeiuvesginsaidmiunmsmamnindedeuvuiihiiadnidn

a <] d A aawv v o
A15149N 2.2 mm*ueaTu@amﬂﬂizﬂﬂum‘ﬂunuuaﬂmcﬁ‘n

Minimal Cut Set | Component in the set
C, 1,2
C, 34
C, 1,4,5
C, 23,5

'Y 9/ A ' o o 9 a v °
windmuald € Aeanmnhezidlufivgidszuufanudumailuamsheu
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P, =P(auc_zuau...ua) (2.16)
Tasfmuald P, fle armzdufiszunssidanimduman
91031t 2.7 awnsadouduauns 18de

P = P(auc_zuaua)
=[P(C,)+ P(C,) + P(C;) + P(C)]-[P(C, N Cy)
+P(C,NC3)+P(C,NCy)+ P(C, N Cy)+ P(C; N C,)
+P(C, nCII+[P(C,nC, NCy)+ P(C,nC, NC,)
+P(C, nC,NC,)+P(C,NC;NC,)]
~[P(C,nC,nC,NC,)]
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R=e¥ =gm (2.17)
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m=MITF = — (2.18)
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R, =ei g — g (itF2) (2.19)
amnsadounumsIfegluginmmindedounas Tugaes 18aunms
R, =R +RxRR, (2.20)
nieaunsadouaunsifegluglanu livudede i

R, =1_(Q1 xQz) (2.21)

1 4 ]
m1nvis 2 Tugaiisasinisdumaaiiiuy ewns@ouaunisfi 2.19) §1 2.21) 18In
N R, =2e" —e? R, =2R-R*,R, =1- 0% awd Wy Amaundefisrduimal (Mean

time to failure (MTTF) ﬂ"m'liﬂ11'I"lﬁ’%']ﬂﬂ15al‘mlﬂiﬁﬂﬂﬁ%ﬂﬂ')'lﬂﬁ'lﬂ&’tﬂﬂiﬂﬁﬂﬂﬁﬁ (2.19)
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muummsmﬂﬂ'Jmmi)“nfluwszuuwnﬂmmﬁummﬂa 0, xQ,xQ, = (1 —eh ) X
( ) ( ‘F’)=l-e"‘-e'F‘-e'F’+(e"F'xe'F2)+(e"F‘xe'F’)+(e‘sze‘F’)—
( e xe” ) Hufe MsamanNuuFeiovesseuyldnaums
RT = e‘Fl + e'Fz + e‘FJ _ e‘(Fn +R) e-(FI +F) e‘(Fz +FR) _ e'(Fn +Fy+F;) (2-23)
=R +R, + R~ (R xR,)- (R xR;)-(R,xR)+(R xR, R,) (2.24)
-2 x0,%x0;) (2.25)



19

E 4 v
winTugans 3 in1dasnmsdumaiviiuausadoudunisi(2.23) 8 (2.25)
l8fie 3" -3¢ +e7F 3R-3R*+ Ruaz 1-Q°awdiny Awaundofzduman
(Mean time to failure (MTTF) 1sav ldninmssuiinsadlendunuiezduluauns

4 A [-] L] { $
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m=—+—+—-— - - +
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(2.26)
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3 03 1 18 9 2 11

- 1 < (2.27)
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Ry =(R1 X R, XR3)+(Q1 xR, XR3)+(RI X0, XR3)+(R1 xR, an)

1 2

=(Rl xR, ><R3)+(Rl X R, xR, X%J+[R, X R, xRy x%}+(1€, szxR3xg3—

)

1 2

=(RlxR2xR3)x(lx—%x%x%J (2.28)

- 9 ]

winudaz Tugafindasimsdumaiitusesh I launs

R. =R*1 32- = R?® +3R?
4 (+ R) +3R°0 (2.29)

=R*+3R*(1-R)=R® +3R* -3R* =3R* -2R*

aaunasnIzdumal (Mean time to failure (MTTE) auisont ldenn1ssuninga

L ? { A [-] L { {
HanFuarueziuluaunisn .28) Fasi it idanandonzdumaife

:)

=(R, szxR3)+(Ql X R, xR3x%J+[R, xQ, xR3x%]+(R, xR, x 0y x—=

3
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e‘”(l +/1t+%t'l+ J =1 (2.33)

e+ e + +..=1

fmuald A fin 59"151ﬂ155ﬂlﬂﬁ'3

- A
t 1o szeznanldlunisnaasy

o 9 ] A O P<) P a by 1w @
minitnsan udas Tugamileudiulasii Tomafisufannudumaaniiiy uazn
Imatirnsadun/deunsinuves Tugasdeauysehiufe msanmsdumaiiisiiy
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Ry =e*(1+ A1) (2.34)

¥

asdin lugaluszuuiidnay 3 Tuge Tasdmualdll 2 TugadiuTugadidrses

oyt Tasddy arnsamanuudeds ldvnaums

2
R, =e"”[1+/u+ (’1;) ] (2.35)

v 1 d
nsdif lugaluszvuiisan o Tuga  Teodmualdll n—1 Tugaidlulugada

drsouuuiau lagd ey ansevianudusedsszun ldonaums

2 3 n-1
Ryv=e [1 + A+ (;;) + () +ot (#) ] (2.36)

R

mnABIMImIMnauRAsnzdumal ananm lddenisduiinsaaunisi (2.34)

2 ° ' { o ' { Y e
N (236) ezt ldsaundenssdumarluunaznsdine nssindssvudidises 2

¥ t y 14
luga Taoiilugadndises 1 Tuga nsdiifiszuudidises 3 TugalasiiTugadidises 2

& et °y (] [ o :’ 9 °
Tuga unzlunsdinszuudndsessmon n Tugalaell Tugadidisessuau n—-1 Tuga

s A &

' 9/ o o ~ :
Taomaaunasnezdumalldmugidunsdinedi

melty 1. 2 (2.37)
A A A

m=ly1,1_3 (2.38)
A A A A
A A A A
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Failure Rate Derating K Factor Failure Rate
ftem (per hours) Factor Failure per hour | Per mission
Majority Voter 0.00004 0.000016 0.0008 0.06
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Littlewood-Verrall [24] , Musa Basic Model [24] , Nonhomogeneous Poisson Process (NHPP)
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g, fedwmnmdumaravanlusisna [0,z]

1V 1099904 Littlewood-Verrall
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(1UVD1099 Musa Basic Model

LUV Musa Basic Model ifunuusiaesiiinainsemmssenhafaniy
duman éammsmzﬁmﬂmhm TAoIAZFTINTNTENIBHULIVIMAY 2912019093
Aannudumaniadsulaosasemoldmsnsznouuidres (Poisson distribution) A
sasmsdumandudadiulavasstunnudumariinsiany  aunsoesnoanuduiug

vosd s lunvuiiaesvesym I naunsi (4.3) [24]

‘ A
ult)=v,| 1-exp| - =2t 4.3)
Yo
Taon  w(t) Ao Swauswmadslusrsnmninsen ¢
Ay AD AnuMUIuYeImsdumal lursnaus udu
=

s "
v,  fs Mmsdumanimuan ldnnnsilszananganssy

wolaas yasnanljians

HUVIAD9 Nonhomogeneous Poisson Process (NHPP)
uum‘ham NHPP L‘i‘luuu'uihaaaﬁﬁmmﬁummﬁzﬁnﬁmsmzmmmui’hﬁmm

a .; A a v W o 4
a9 ﬂlﬂﬂﬂ']"lllé’lll‘r! mw‘lus AN RIS PRATG ?f'lil'liﬂﬂﬁﬂ'lﬂﬂ'l’lilﬁnwuﬁﬁﬂﬂﬁﬂﬂ'ﬁﬁ

(4.4) [24]

w(t)= a(l = exp(~bt)) (4.4)
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No. Classification Description

| Fault seeding This incorporate those models that determine the number
of faults in the program at zero time via seeding of
extraneous fault.

I Failure count This includes models counting the number of failure/fault
occurring in given time intervals.

I Times between failure | This incorporates models providing the time between
failure estimations.

v Input domain based This incorporate mode that determine the program /
software reliability under the circumstance the test cases

are sampled randomly form a known operational

distribution of inputs to the program/software

INAT3 N 4.8 MsSuunnguvesiuuineanniudeie iswazBoadai

AU 1 (Fault Seeding) nﬂuﬂfjm'?’ugmuazmsv’mmﬁuvgﬂ'lﬁ'zﬁﬂﬂ'nuf’{umm o
augAnssuvesszuy  nstlouduwadinan  endlumsaszanedaszslullsunsuiisid
#915000 18 191 U120 Mills Seeding Model [11]
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. v oA £ @ o a 9 4’
AQUN 2 (Failure Count) cﬂuﬂqun‘l‘nmsummmmnnammanmawu ﬂ‘ltﬂu

¥1IMNANYUA AIDY1UTY Musa Model [11] 1182 Shooman Model [11]
' i ' 4 a 4 4 o l o o
NGuA 3 (Time between Failure) (HunguiilinamAanssshdsdegluzendias vin
L A & & \ o U [ !
$NINMHIDDNINMI BalRvnmsalszanmn @061 Jelinski and Moronda Model
[11] @2 Schick and Wolverton model [11]
J d' . J d:d - ' -~ =) =
AuA 4 (Input Domain based) NQuiTANNATIY 3 poWAD 1. M3tdonouymilull
pt1dasz 2. Buna lanmannsoniuilunguq lunsnaassld 3. nswswaziBoadoya
NYINVBUYA
° a sq ¥ ' oA A d. o 9 o
wenMINNIHUVTIAesAdAmaa N ITmmaninsedevesvenaasuds &
v aa S & X a aa ' aa ¥ s o
ABIMIIVITMINATeUYeNANIT Fellognaids U Ibnadeu Inssadevesrenals

#107505 M 1udu



56

a [ ¢ a
4.4.4 IsnaaeuverinnialeIsniv
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(Perspective Testing) 11udAY ansaoulnssadrsvesveraursmuidon lulaena @

aa o a o S av '
Fnnuanagii 43 Tasisnsnadeu Inssad neeraus ioenuuuluauise szaan

luriadedely
Sequence If-Then-Else Case
(" &hen Pre-Test Loop Post-Test Loop

31 4.3 msadrensn Inssad e ssewdunTnoenuun laoialy

y ¢
4.4.5 mamaanniuyedevenAuIslumInaass
o v a a LY 4’ - £ ° &
dwmsvInninusativil 1didenldunuiaesweays (Musa Model) 11109910
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= a’dw dy
TuamIvetiinatl
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Distribution)
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[ ] 14
nnanudiuiiuaadduaumsi- (4.3)  swsahmseBinuuusassiugIy
v A o £ ° [ Y y
A nieteaeniTue Y (Musa Basic Model) dayaihiniuerue il 1975 [27] el
v t 4
suuassauyd Mnafszifamsdumainisluszuy dnsnssronuumedib

adluaunisn 4.5 [27]

£, (c)=pexp(- gur) ' (4.5)

vnaumsh (4.5) fmuald ¢ - fie mdanmsdumaindd (z,(c) = ¢) uazyanls

D5UUAINTURNUTUDISAT NS RUHAIRITUMS N (4.6)[27]

¢=JK (4.6)

Taoh £ e avwdmsiiamsveslusunsuBudu

K fi9 dasnsinanudummal
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MsMAMEAIANUANMAINNA 7 anIan ldnnaunsn.4.[27]
#(z)=v, [l - exp(~ ¢Bv)] (4.7)
Tash B #s dnlizneumsasmsifannuduman

TusovIA NI U IINYBINIsanudumal ldninaunisn (4.8)[27]
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1 1143 26 28861 51 56758 76 84570
2 2250 27 29990 52 57858 77 85689
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20 22361 45 50024 70 77937 95 105699
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vinAsiunusendmlugln 4.5 uazmsn 49 auseRNISAMIAIDA

voamsaumal1dne 0.11132 uazlinraniuiietofo 0.89465




60

o ~ = ° 4 ~
mswmummﬁmumuaummsnwuuﬂﬂﬂmmmu'lﬂmgﬂw 4.6

510 4.6 nsinmsvhnuresaniiadugy

switch (control)-

oy
\ Case C3:ﬁ‘l’(§'0 C3; break;
i1dds €3 udandn
@ @ @ Case C2: ﬁTc%\i C2 ; break;

/s 2 dudandn
Case C1:A1d4 Cl:break; /finda C1 ludmdn

}
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asan | Snawm [ adel [ Swoau [ afeR | Swou [ afsn | dou
6 6624 31 34368 56 62055 81 89692
7 7750 32 35453 57 63182 82 90786
8 8869 33 36591 58 64230 83 91885
9 9971 34 37683 59 65379 84 93019
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switch (control)

i fde 3 ilugmdn

I fde c2 Wudmdn

Case C3:A1d4 C3; break;

Case C2: A1d4C2 ; break;
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12 13231 37 41008 62 68687 87 96497
13 14340 38 42151 63 69817 88 97597
14 15435 39 43258 64 70924 89 98705
15 16566 40 44368 65 72035 90 99806
16 17684 41 45434 66 73145 91 100924
17 18788 42 46547 67 74315 92 101983
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Case C1:f183 Cl:break; //M1ds C1 ilusman
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Ox =0,%x0 (4.9)

A -~ v A A =1
i 0, fe anwhivuFedeswvesssuuenonle
v A o
0, fis avwlividediesveuenion loluga A

0, fin anu'hitinyefievousuduleluga B

winunum Q, =1-R, =1-euaz Q,=1-R, =1-¢"* whlflAauns

arw'liiuiedeuseszuy
Oy =(l—e'F‘)x (l—e'F‘ )=1—e'F‘ —e 't +(_e'F‘ xe‘F”) (4.10)
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R,=e™+e™ — ¢ Farhr) 4.11)
R, =R, +R,xR,R, 4.12)
R, =1-(Q,x Q) ~ (4.13)
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mnunual Q. =1-R.=1-e"uaz 0, =1-R, =1-¢" sxi1ildaunis

anw lihiidefevesszuy
o, =(1—e”FC)x (l—e'F”):l—e"F‘-‘ —efr +(e'Fc xe'F”) (4.15)
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Ry =eTc 4 &7 —gerFo) (4.16)
R, =R.+R,xR.R, (4.17)
R, =1_(QCXQD) (4.18)
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=R, +R, +R; —(R; x R.)— (R, x R;)— (R x R;)+ (R, x R x R;) (4.21)
zl‘(QExQFxQG) (4.22)
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Transfering data to Control Station
T T

T T

63.7 T l [

— 1

80

100 1
Time Sampling

H 1 b4
3UM 4.10 nsliaasranInnsz LIUMs RTatiAI LN SaN

H 1 1 ] o
nndeyaluzilil 4.9 oy 4.10 naasfamsdwihudeyaruszuuniathedmesiia
' ' A woda = ) A e
TaoilunsdmninnszinumsiReduiinmsalfounlasadaue ariudasaniiidueiu
' 1 o 3 1 1 1Y c’l’ 1 ‘ a
1Rezdunald lusrsanferduezeus idaeiunsludunduaariiondylewas lu
[l - ﬂ e .’: -fq - | -1 3 ] @ e a
dwiiluamilaugu vetiiannszuieievsdimefitaiu lisesfuhauuuunaieis
1;! A - T d ﬁ o o ﬂ < o y1 '
A lesnnszuuiimsauqumsdesinudeyaetiasiunissuiuvesdoya  Tei il
o 3 1 a 9 ar d'l = ] a
aunsadmuanatidetaiven wazdulszneudledalsoudniiu Usmany
1 ] [ a s a wa
vunniuvesdeyalussumaions  dudu - edrelsiamluszdulfiansmnldiinms

¥
dunamamiheelszunanasznuanudtvesdayaiuiosinn



70

' 4 2 - )
i 411 dygpamaauguilensawdniiinauguibhauannlng

nngifit 401 duamziwnalndvesszoy hiflamillanannuRanainlums
e daudmaaiiudgapaauguisnnuddye e Taowsnidludgenuiivininaail
. ; ® e 4
auguinnuamanil - uazdanilsdygrauiiudyauinanamaspziuuieniugu
° ‘- L o et A o ni
pszuaums - arvsinuviadusiusuweditiesnadudygiuildnnmasnsiuu
4 ' Y Y =
(WEAIUANNIZUIUMT ATAINABINITVBINTTLIUMIQNABY 1IN 63
' A D s > . M1
1ngilil 4.12 eamiliideuiannudumarlumsiinu sl liansanugu
nszuums 1d Taslumwdudnesnudyenuniuguussamiliassdaiiudduanns ua
o y & 4 ¥ o 14-' o
szuudiannsonluguaszuIums 14 Wiesninaudeu luudamiiiaweziiludinmugu

. - 4
nszunums Taedd@sduaadudygnuildanms Tmeaziuuieaiuguaszuiums



g

N
k-]
<

ocess Valu

gy

o w

e

: i

. L
—

b r . aam H
: g =/}
15
¥
n
~T—-
_\J{n’
|
K
U
codes ot

' A H ° [l ad o
i 413 dgyanumanuguieamilauguildesgamsinuduaniauitnu

’d
L’I
)

71



72

zﬂﬁ 413 ugmsanzvessruuileaniliideauazamiliviiafaanudumaslu
MINVANA AR 'n1n€r’amﬁ1unswln"mdwﬂzwuimﬂﬂﬁﬁmmzﬁﬁu‘iuqznnmtjm
quiawddy  lesnamiliaesazniluianiudumar liaunsodsdoye uesnin
agunsznaumsld ualdeulugndmuadaariiiawdsgnasasiuiilluaarild
AILANNITZUIUMST muumsmuﬂuns'"muminuammmu'hJ'lﬂ'(ﬂunlafﬁmsgmawm

emti'luﬂu;anmmuqumnnizmummmu Tuaugunszuoums

Process Varialble(PV)
63.4 T T T l T l I T l
: v |
3 W4 5' -’\ ; ¢! A ()
> 1 ﬁ. ./ 1Y vy |
6 —+ —-ﬁ-——-w:—T-'—-'-—‘- +*Lr—‘-‘—‘ ————— ;—%—-——TT—-‘
W o ‘AVATER'
62.6 i i i i | l | i i
10 20 30 40 50 60 70 80 90 100
Time Sampling
MambddodVanabb(IV)

§1l1n 4.14 frtgq;1tumsmuqumaamumnquwmununmsmnumuﬂm fiowiau

7t 4.14 uﬁmquamsv’mmmammﬂﬁmu'[ﬂuﬂmﬁﬁ”ﬁluﬂmﬁ‘?;ﬁ1ﬁ'amuqu
NITUIUMS ﬁamﬂ"lé'mnnﬂvlﬁ'q;qnmmnﬂuﬁ‘ﬂuumﬁuiunﬂﬂé’huaﬁwaazﬂﬁ 4.11 an
asgeud Taomdedyaavesniliaewasilsiigunsaniuquaszuiums 18 ddiden
Lﬂuﬁaﬁymmuauﬁ'lﬁ'mnmimﬂ::uum::ﬁ'uﬁ'utf’f‘u'uaaéf"q;qpmmuquﬁmmnﬁmﬁﬁ
aesduiuddu

it 415 Sumimuguaszumailedarilnguiicuuasnils  danu
dummlumimuquad sy Taedunaninnsi@uaieluglil 415 sswuinsmiiing
upaduszanasgguiinznsmidihiuiezanasgauiisusy  ieamilfiamasniiomgn

° 1 o’ ° = 1 A A g 1
ANNIU HANMIAIUANNTZUIU ﬂ‘liﬂiﬁ'lll'liﬂﬁ'ltuuﬁﬂ'lﬂ 15 Lummnmmauhmnan



73

amiliaesgnasazuuuldifudriquaszuiums  Tesdgapaniuguesiviudyo

asnzuuuniludidion

63.4 T

Mannipulated Variable(MV)
r ! ;

e =R T A

10 20 30 40 50 60
Time Sampling

' A H M oy
U 415 dygnamsnauguideaniiinidwazaumgamsiiau

a
N
4
-
-

]
w
'4

SS Vduh
N
——
= =~
=
e
i
&
S ¥.
s
X
il
-
-
=g
g
o N
_——.‘“)
s
=
a5
e
87 |
hEs
)
- ol
’—:"__,—-_—_— .
ac:‘;‘_\:
g’*"\'{
o
-
=
<
B

E!“rocc
")

T

1

4 A H H ) o o @
71 4.16 Aygraumsaruguileaniiiinilsdsamunauie ldamddu



74

M . A M -t M P
st 416  waasmahauisamiiimusazdniiideufannudumailums
Mauauday dunannnsiauguitds ldaruguaszuaumseznui dygnuniugu
vesamiineudinuaaduiaz dygumuguuesaniiiiaesdduszanas  uazdgygiu

auguanaailiviisldgnasnzuuuliludygaildlumsaiuquassuaums

- : ! Process Varialble{PV) : !
: =
i i i
200 250 300 350
Sampling
Mannipulated Variable(MV)
25 T N | T T T T
o20f ] Ty T .
5
> i
15 A 1, ....................................................... s St (TOL OO -
z | ,
'a-w L " : N
5
5 - : -
: | ?
0 4 b= 1 A
0 50 100 150 200 250 300 350
Time Sampling

1 a2 A ° o o '
51 4.17 dgyapanismuguiteynaniiivganauuaz nduiien 1a 1w

7109 4.17 raasmsiuiifansdumai Tassusananiilaauguitawdanilaay
o o 4 a 9y o :
du Teoeiiannudaumalamildusunsadi linsugunszuumsunu Fadulila
& Yy Pe o - a 9y ° o
Wou lvwesnisasazuuud 18dmualy sunsziapaniiitiannudumarlumsiounes
° a v A @ 1 a d o 4
mfrzuuiannudumar uadlelimsnduAuganiziduizih iy luaudeuluves

myasazuuud lddmua’ll



75

4.7 aqluaniinaaes

VINHANTINABEY  TUNTSATUANATINAUALIUUSINBINTEUIUNTAILAUANUAY
o ¥ 11 A 9 - o o
aszwumsaunsaiini lnedndeios  winaoiinugulaomivisezngamsinm
1 A 1 LY < ot o ° b 4 da
uAnsRuvdesiinlorvilsaariindigmnsaiinuld msauguassrumshfiseainsa
o | 1 d v o i 9 d
e lRedndedisasuiu TasTlsunsumsasnziuudissnuuy Bannseduldand
° 3 1 [ e o & X% [ » ' = ¥
fua 13 srnarlunslumsadumahennivdvegiuiledonaseiiugu Ysnudeya
o o a ' o - w &y ' 4 1
ffiluszumaiedie sdelsfanlumanasssiisrnmessmsaduiuiesni wilsdu
L) L) d! .9 J g d’ 1) ar o .' 1 A | o
Wi aeluszdueesldlsunsuitWanndu ldansatunar lussdudindmitesdauiu
- S = 1 - s yéy a o 9 - ﬂ' <
i 18 mnRnsanganadiveniy idnds lwiadedn 3.4 Feemsaauguanuianea
1 3 ' i Y o - [~ °
narh “snaiveniuldlasialivesnszuumsldnanlszana 1 Swiir Aesild
1) 1] ' N N A 1] -
szuufisenuuuansofissaluaNAsTIIuMTAe Wedwdedies  ilssninmndani
1 4 [ 1 ¥
SuvadtiuduTugoudy  Tugaiidrdrsesansadunldsudiviminmumaunu idnelu

- oo -
72821707 1 HaaIUMN



unN 5

a3lwan13398 vazvalauonuy

[ 1 4 ]
MsMDguAszHIumMs Maansmitnu ldedudeisniu ﬁﬂmuﬁﬁm;ﬂuaunﬁq
$ o o P a o A&‘ . a J
Tagmwiznszuunsninnudiggs FmamennuAadnaiulunszuaumsdena o
° 9 a a2 <2 o Y st P ° EY =1 ¥ 4’
midiailymanandmnane Jdudludendsmsnesildszuuinnudeiioclums
MMIAIRN HeNzaanNUden st uinenmsNszuuRILgUHYAnI O
d' | =Y v sy & ‘:; 3 A' (] .& - 9
STUUMVRUNNUABAIIURANT DY tflu'mwuaﬂgﬂ‘lﬂumﬁmummumana‘lw
fussuuauge  JateldesnuvunsnensldadeadetumsiausTwsszuuniugy
ni$Tugaamnssueieq uazldnfdoudaniuguanniesnauassauun Tusunsu 18t
d'l a a Lok ‘isl b d'l
nﬂimmuﬂumﬁunmmﬂuw'Jmasfmuuﬂﬂa ﬁwmmqmmms%z“lmmmmuqu
o 1o w o T g LY ¢ » =Y
ansoiauamandaenssuuuuda  Tusidensaadedoasiuginseisinunaduin
=t [) 13 9 o =3 - Q -~ ] d'.
Ao lumsnassunismsnaassesntiudg Wnouwidusassaedu fe doudiily
P o A Ao a ] A ~ o & oa s ad P
aortierdylodealisiuay 2 Al uazmumﬂuﬁmuﬁmaqumag 3 @00l
u’}, T L o [-73 3 QL
ANV 3 FoHIzeMAINNTZUIUMSIRLINY  Taewannldsunsudumnsamsssuy
AIVAUNNUABAINHANS B
P ] ] o’: ] Py =1 d
sINNanInaaBdLnsnaasseeniuaug  sludawidiuaoiiendyle
[-¥3 & [} =y L] .Y ] O’ o 4 o
wazanildmguisieueniudasedeiu wuNIZUUNUY Tugadidisesihing
a (] 4 o o’: ] o o~ o
ponLUUE s amuANNYureis IMduszuy e ludvssuuusaosaumsniensinsans
o L4 1 Q LY 3 o
HoeMSTUNATYYIUVOITTUY  TAsSZUUNIMINSNANNTUINTIITaUTAIHALaSYINS
9 T U 4’ é -3 o 4? e =Y &‘
agu ldedaaiiles ailannuAanmatiulumsaruguaszuiums Lidzfadulu
' A o & ' a o A o A a
drunduaoriiendnle Tudawndummnuguusanannszvmadedvis  Tusunsud
[ 3 Qo H \ - 1 ar Qr r-3 L]
NAITUNIAMITSUUMIUANTINUABAIINAANS BIT NI 0IANMITAUAITNIMUIZHIN
PRy I 9 ado 9 } 14
aminaaudumal uazamiingneaous 1sau'la
Ay a ° a A PR 4 ant PP A " A A 9 o
Fmsigminausluinoiiwusil Wudimanilsfannsamuaunindede iy
é Qr o =y
sTuumugNEiannsasessumsiumoldaailasnssuuuuda mineasaluanise
» » »
dumsnaaeshszuumuguimudeanuRansoudiosdumniy - flidumsadieszuy
{ v = r v o q H o H
AIuANINuABAIUAANsSBseNaNYysel tieanalunsnaassiiiduiivsmsiszuuing
] a 1] P [ 4 { o 4 o t o’: v
AeanuAANs saneworerAuT IaNYuINSamswiniy doyalumsnaaes wu ms
o o o o a: v el 9 o (c’: A” [
asduanuAanaanfavy lussuvdwdusm ldinensenaasnegy  lumswann
¢ o v o q 9 P 2 v o & -
ganAuTvuIn lidusah ldgedusiannvunauyselldimun asiinalaoase

» 13 .
ApmsHaMsNARDY  AsumshszurinuaeauRawsesldauysel SiezAeeidoms



77

4 S Y 9 [ o < s 3 9
PONUUUNNES AT IR gl lshaukanIsnaassnawsasusesldn  winld
szuvfesnuuLIduazINnIsUIUMseeusy Id lidsend 171000 JuW minifa

v v 13
anwuAansesnulugalaia  Tugadhdrsesannsedulfoudiuuhaumaunyldvu
T ldszuumfannuduman

o s A o ad 4 a - &2 A

Tuniswaunde I ivelimsamiuquszuu@tedu fe arstimsAnuinmsindoulua
yowweoyaluszuunSedis (099 INsTULAILRUILLABLRUADS MNUABAIUAANT DY
sessunIiaumuamilasnssusuuila MnlinsasvnsreTAYsTa U INILLIN
° Vo (B » ) [ P o = = - o o o
wihloasimsdideyarimszuumnievwdunsulinasas  asimsAnyudoaiudosina
o 3 [ a P=} o’: = ot =
sasmsindou Inavesdfoyaluniediwdunsuila Snvismsnaassldszuudunsuilariia

Py o J Ty oA a a 1
‘YIQﬂWﬁI‘N'W'NﬂJ'I'l'HN IFH INSUADUNTUUA



78

VIIBNYNTN

[1] qWS581 faw1ivd, Programmable Controller madiaazns Wouieedy (e 1),
marmnnssumsiagu augdmnssumans aatuma Tuladwszeeundudnu
nsaAnsei. '

21 s Aadrdivmng, ssuunsFemsuasaievwnoniiunes, Sidayndu, 2544,

[3] n3¥ gdles, szuuiaguilsnolugaamnssunszuiumsHan, %Lﬁngm'}'u, 2548.

[4] eon  umegassy, msmsnndedeldluszuyihisuded,  dnlnfiud
UNTINNAUNYASATAAS, 2546.

[5] 135 81wawfadl, Visual C+ and MFC Programming, U534 THAIDEV.COM; 2548.

[6] ﬁ;ﬁ émw?raﬂ, Network and Protocos Programming Using C/C++, UEN
THAIDEV.COM, 2548.

[7] wia daasfadl, gilens 19w MATLAB atffuauysel, dninfuvouTrmsa, 2543.

[8] Shu-Ho Dai, Ming-O Wang, Reliability Analysis in Engineering Applications, Van
Nostrand Reinhold, New York, 1992.

[9] Life Cycle Costing for System Acquistions (interim), Guide No. LCC3, Department of
Defense, Washington, D.C., January 1973.

[10] E.EEKEWIS, Introduction to Reliability Engineering, John Wiley & Sons Inc.,New York,
1996.

[11] B.S. Dhillon, DESIGN RELIABILITY Fundamentals and Applications, CRC Press LLC,
New York, 1999.

[12] David J. Smith, Reliability Maintainability and Risk, Butterworth-Heinemann Ltd, 1993.

[13] BERTRAM L. AMSTADTER, RELIABILITY MATHEMATICS, McGRAW-HILL
BOOK COMPANY, New York, 1971.

[14] John Park, Steve Mackay, Practical Data Acquisition for Instrumentation and Control
System. Great Britain: Elsevier, 2003.

[15] Karl J. Astrom and Tore Hagglund, PID Controllers. United State of Amarica: Instrument
Society of Amarica, 1988.

[16] R. Ramakumar, Engineering Reliability: Fundamentals and Applications, New Jersey,

United States of America, Prentice-Hall Internationals, 1993.
[17] Agustin Rullan, “A Programmable Logic Controllers versus Personal Computers for
Process Control” ,Computers ind. Engng, Vol. 33, pp. 412 424, 1997.



79

[18] S. Vitturi, “PC-based automation system: an example of application for the real time
control of blowing machines,” Computer Standards & Interface 26, pp. 145 —146,
2004.

[19] Barry W. Johnson, “Design and Analysis of Fault-Tolerant Digital System”, Addison-
Wesley Publishing Company Inc., New York.1957.

[20] MARTIN L. SHOOMAN, “Reliability of Computer Systems And Networks”, JHON
WILEY & SONS,INC., New York. 2002.

[21] T. Suesut, Prayut Inban, A. Numsomran, V. Tipsuwanporn, “Redundant System based
PLC Network for High Priority Process,” ICCAS 2003 KOREA, October 22:25, 2003.

[22] J. Rodkamtui, A. Numsomram, V. Tipsuwanporn, “Fault Tolerant Control System in
Critical Process Based on Ethemnet Network”, Proceeding of the Third AUS
International Symposium on Mechatronics AUS-ISM06,UAE.April 18-23, 2006.

[23] WILLIAM W. EVERETT, “Software Reliability Measm‘ement”, IEEE JOURNAL ON
SELECTED AREA IN COMMUNICATION, Vol 8, No. 2 February 1990.

[24] Allen P. Nikora, “An Experiment in Determining Software Reliability Model
Applicability”, IEEE TRANSACTIONS ON RELIABILITY. Vol. 19. No.1, MARCH
2000.

[25] JEFF TIAN, “Software Quality Engineering”, A JOHN WILEY&SON,INC.,
PUBLICATION, Hoboken, New Jersey.2005.

[26] John D. Musa, “Software Reliability Measurement Prediction and Application”, McGraw-
Hill Book, Singapore, 1987.

[27] John D. Musa, “Software Reliability Engineering”,McGraw-Hill, Singapore,1998.

[28] M. Xie, “Software Reliability Modeling”,Wold Scientific Publishing Co.Pte.Ltd.,1991.

o) Sugqgns  waeszdy,  “misuamiudedessuufivendiuszuunievi”,
Toriinug, Tudiatnw,  aoumalulainszsoundudmanmismanszill,

2548.



80

& d' Y o o v ~ = & 1 Y o v § v £
nasiluenansianulidmsumsldnuienisnwwintu leugslriluldussleviaunis

Lidnsdilagnsdu dnviwvnuiilvinaudadiion wagdesdeddisdivesenarsynasaninisluly



HMNARUIN N,

9 ) | -} d o
Joyamemaiinveanusdimeinialele

81



82

331 Ushers Road, P.O. Box 787, Citton Park. NY 12065 USA
+1 {518) 877-5173, Fax +1 (518) 8778346
emall: sales@sixnetio.com yww.sixnetio.com

Hakes Your Jon ey sy

1/0 Concentrator

Compact interface for Ethernet 1/0, RS485 /0, or Local I/0

s S— —

e § grree.
,. E:‘,f,':',!,-!;;m-m-» .

B E
: x;ﬂ':a
W

TG GONCENTRRYOR

e

pravst mosd

Universal VO Interface

for SIXNET and Modbus Systems

The Ether TRAK 1O Concentrator (ET-GT-ST-2) 18
an wversal merface for vour SIXNVET and
Maodbus 140, Tt provides transparent bridges
between vour Ethernet. RS8232 or RS485 commu-
nications. It can poil your IO modules or Modbus
devices over one communication link and then
make the data available over another

x;entmlut repiacs SI ANETS .

This uﬂc VO £

(ST- a‘r«\\,oz?’) and Fx}m‘rnAK FﬂwmeU;U &
Iv\pam{ex { FTmT—bT—I )

Commeon applications

@ Ethemet to SXTRAK or RemoteTRAK O interface
@ Ethernet to third party Modbus VO interface

@ Ethemet to Legacy SIXNET hardware

@ Ethernet, RS232, RS485, & local /O expansion

Four ports to connect thousands of VO
Choose from over 40 SIXNET /O module types
interface to other vendors Modbus /O

@ Flexible Communications

Supports Open Modbus/TCP. ASCHI, & RTU
Supports telephone, wireless, and other links
Master, Slave, and Passthru functionality

@ Powerful configuration software

All features completely configurable
Absolutely no programming required

@ Compact DiN-rail industrial package

Zone 2, UL, CSA, CE, and DNV rated
-30 to +70°C operating temperature range

)ncentrate l?g rom

RS485 Modbus IO

_ Product . | Descriptior ? m IO?S:::; Pors|Po 'L'; ;
ST-GT-xxx-02N Legacy VO Gateway * - - . 1 1 1
ET-GT-ST-1 Ethemet /O Expander * - - 2 1 - 1
ET-GT-ST-2 1O Congentrator 128K ol - - 3 1 & 1
ST-GT-1210 11O Controller 512K & 16M [OEM Only 1 Yes 3 1 1 1
ST-IPM-#88% Open Controller 2M & 18M+ | Yes 4 Yes 8 2 1 5
* Note: These legacy models have been replaced by the ET-GT-ST-2.

SIXHET # PO Box 767 & Cliton Park, NY 12065 USA @ +1 (518) 877-5173 # Fax +1 (§18) 877-8346 ® salesrishmnetic.com ® www.simetio.com .



Performance Specifications

General

1O Concentrator

Maxitmim VO rezisters

2048 each of analog, floats, & longs,
8.000 each of discrete inputs & outpits

Configuration & disgnostics SIXNET L0 Tool Kit software
SIXTRAK LO (ST-BUS) port Up 10 20 modules
SIXTRAK 1O channels Up 1o 640
SIXTRAK TO specs. See individnal data sheets
ST-BUS spevs See user 1 for details
Fthernet port RJ45, 10BaseT at 10Mbps
Isolation 1206 VRMS 1
Protocols Maodbus and SIXNET over TCP or UDP
|Serial ports Up to 38,400 band
RS5232 port RIS (FD, RD, CTS, RTS, DTR. GND)
RS485 port Serews (485+, 485-, GND) 2-wire half-duplex
RS48S network Up to 32 (full-load) stations
RS485 distance Up to 0.5 mifes (1 km
Flow control Hardware, software, halffull-duplex modem
Protocols Maodbus RTU, Modbus ASCIL and SIXAEY
Modes Master, slave, and passthru
Environmental DIN ratl or flat pane] mount
Input voltage 18-30VDC
Power (less modules) 1.6 watts
Termpertire =30 10 70°C {40 to R3°C slorage)
Humidity Seate 95% Ril (non-condensing)
Flecirical Safety 171, 508, CSA (22214 EN61010-1
AEC1010 €€
FMI emissions FCC purt 1S, ICES-003, Class A;

F255022 ENG1326-1; (€

83

EMC immninity EN61326-1 (EN61000-4-2,3,4.6%; (€ s i | SUTRAN 00 51 6u)
Surge withstand TREER-472 (ANSI (37.00) R T L p—
Vibration IECG8-26 e e eI s
Hazardons lotations 0. 1604, CSA C22.2213, R 0 PR 4 }r_fz" ey
(Chass . Biv 2, Oxups AR 17 Cenelec ENS0021 Zone 2 u‘z' ] @ o é’ga @Eﬁ: .
Marine & Offshore DNV (Det Norske Veritas) 742 em) i L ¢
B O 1
?“\, i8 EtherTRAK
i 11 O CONCENTRA
i i pas 3o .3 1O
Ordering Information - Lo ‘& Front View
ET-GT-ST2 [ FMeTRAK U0 Coneeniir el & s A
Nufe: Replawes Jegny Busprogrammable SICPIRAK Galensns « ipard numb o0y P4 § d):
S TG x - 03N amd the Esher TRAK U0 Eapander (EEGT-ST 13 eear tor | 1™ "mmnm
4 £ : 24 P ( > - 1) IO Rhraids Il 475" (1207 €M) —— e
Accessories
Local PO modules See SIXTRAK ordering guide | m
[themet 1O mothiles | See LtherlRAK ordering guide agen 0 SR Ll
[RS485 VO modules Sce RemoteTRAK ordering guide FAL el '
[VE-MODEM 1 Industrial tefephone modem for remote access 4o g B
[RM-PS-024-01F Universal AC/DC1o 24 VDC power supply Lo 3arpssen) i
[SXTOOLS # SIXNET 1O Tool Kit software for configuration and
diagnostics (Level I is free)
DA o Complete Packaged System~ ready for instaliation

Spaaifications #'2 sulyect ohange,
Consult Eactary For Tarest iInfrrrastion.

* Note: See separate SINNVET ordering guide for details.
SIXNET # PO Box 767 # Clifion Park, NY 12065 USA # +1 (518) §77-5173 & Fax +1 (518) §77-8246 » salesiisknetio com & www.siknetio.com
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ET-MIX24880-D Performance Specifications

{Ethernet Port T10BaseT at 10 Mbps 24 Discrete inputs” | 10-30 VDC SERT
solation 11200 VohsRMSimminute | [Channels)thongh8 | Swking or sourcing (asa smq» 4
lissiaoms SIXNET and Modbus Channels 9 throngh 24 i | Sourcing only :-
I over TCPAP or UDP Guaranteed ON voltage | 9VDC - ]
(RS485Port 1Upto 38400 baud .} iCuaranteed OFF voltage e
| Operation Master (pussthru) or shave | Guaranteed OFF current l SmA I)(’V e
| Supported modes Expansion [/O (as a master), Input resistance & current 10K Ol & 24 mA_ ﬂ”WDC
{see the Usage Tipz in duminnedl()orbadmp Filtered ON/OFF delay 28 mS (10 Hz max, cwmm&
| the catalog for details) |« ications puth (asaslave) | Fag ON/OFF delay T4 mS 000 Hz max. < 2)
Protocals [ SEXNET, Modbus RTU / ASCH Counterson 1" 8 dannels | 50 KHz on chamnel [and2
IMaximum distance [Up to 0.5 mile (0.8 km) ' S | Comt up, run time and pulse rate
Environmental DIN rail o panel mount | | Couter modes ! (with selectable time bases)
i Retmired user supply 1030 VDC I i8Discrete Qutputs *
{Power (hp.) @ 24 VDC_|1 Watt, 42 ma (escluding UO) | Max. outpt current amel.
{Operating temp. range_|-401t0 v'ﬂ)“(‘ _4  iMax. OFF sate leakage Hvﬂim-\ e
| Storage temp. range 14010 4 LT i Toad a 1 mA
l!um:dt) {non-condeny 5 10 95% RH fnish current. ; SAmps(100mSsarge)
! IECHS26 T} Piyp. O resistance / volt. | 03 Ohms/ D3 VDC (@1A

ULSHS, CSA C22,2/13: FN61010 nputs. ‘_4.20!15_ (other ranges ava
} {EMI emissions CE FCC port 15, ICES 003, ENS822 ) TAD resolution {16 bits{0.003%)
H-IMCmmunmv ENS0082-1, ENS1 326-1 Fuli scale accuracy 1 H-0.1% (@@207C)
g‘hvg withgand ~ [TEEE-472 1 I Span & offset tanp. coefl. | +/-50 ppm per degree C
{Hazardouslocations | UL160Y, CSA 222213, Input impedance | 100 Ohm
@m 1. Div2/Zone?) |EN50921 EEXnAILTS X Current protestion 1 Self-resetiing foses

Del Norske Veritas {DNV) DMRR 66 dB at 50460 Hz
M’:imsmn lecations rio. 24 (Class 3 & B} Short circuit protection | Criarent Jinuting

 Note: Discrete VO channels 16 24.can be confignred individually to be discrele mputs er discrete ontputs.
‘There are a total of 24 discrete 1/0 channels,
Specifications are subject to change Consult the factory for the hatest inforrnation.
_ ET-MIX24880-D Mechanical Dimensions
0.28" wy 4.25"

an em)- _' . o e
220D 8 @ =T
(0 o’ ee "y b i
11 e
0.28" | e F 393
i 3] (8.28 £m)
2.95" E '
L a) FRONT VIEW A SIDE VIEW l s
| 1 SheEe Wy AR /- E’ @.73cm)
z }
i N 685959568599 906666 DIN
/ T ,:o‘:o.o,:»'o”v‘ ’:ou.“n‘::": EN I .....[
Dia.0.47"| | URNE=vizuagse 3 t
s Lo N Nale AR L 1.80"
‘(:-‘“c': SNEEE. b 30 om) 413" = @457 em) |
7 screw) 87t - 04T em)
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FAULT TOLERANT CONTROL SYSTEM IN CRITICAL PROCESS

BASED ON ETHE
I Rodkamtui, A, Numsomram . V. Tipstwanporn

King Moagkut's Institute of Technology Ladkrbang
Faculty of Engineering
Department of Instrumentation Engineening
Bangkok 15520, Thatland.

ktvittayakmitl.ac.th

ARSTRAUT

The purposs of this paper is to snudy snd develop the. reduriant
control system for the critical procesy The sntical process means
a high prionity provess whichg® yay essential to the global
system. When 2 fauit condition pcurs on suchgraess, affacts
1o other proczeses. 0 1his paper, the gas PIEISEIT PECCs 15 e
& case study. This sysfemyeonsists o1 dost Tedundan Py
control system (HMI Sfation). dual Tedundant Eiemet artwork,
triple redundant coptrolicr sysian and_inple _ednfdant filed
signal The expepimental resalt ¥ able 1o mmdicete some falh
tolerance foafGres, Our systomesh ncrease e rehibiiiny as well
as the sisk of fault of a whole System and apply mynay/ bigh
PrOntY PIoGEsT appropritsiy”

Keywapds:  Fault Tnlersrs Clonrol| 3930, Redunbar: (RO
Based | Erierngt

L ONTRODUCTION

Genenully, e dpuical process IS mant 1o ihe high prsngy
process, for instance @ dangeiwns protesspaigh prgt produenion
process and speon Uit shoulkdnor be shur dowi sl prowess.
Whenever the fauit appearson this pag, 2 will e alfeavd 08
whole system. Thercfore, the assemption 0 this paper Proposs
to prevent and-solve tus probiem as well3s inotgase the
reliabilitg of thedyhtem Our sohemls conss of dupd redundant
supervisoty genfrolotretnm which) works as MM iHomen
Machine Imrerfacs) fistion by 65 prrional | computens that
connected ta the diat trdandant Ethetmet switch snciuding 10
three-PC based gonngi system Pat works(asithe partial
cedandancy conteol sy sted) The.gas pressul conyrul pracess i#
sad 8% 8 case stod M Bh D papey

2. REBUNDANT SYSTEM

A redundant system has desigiedor Tnespasing relishiiity of
control system in order to prevent {aihuredn the ‘sysiem but it also

sskes higher cost. The redundant system has saveral fypes such

qwitehing), CPU - redundaney  { pastial redundancy Y, Pl dual

RNET NETWORK
P Inban

Rajabhat Rajanagarindra University
Faculty of Industrial Technology
Department of Industrial Electrical
Technology
Chachoengsao 24000, Thailand.
prof prayuth@yahoo.com.sg

cevsndancy and fxult tolersnt systern for more than fwo modules
Seeptolier, Each type has gdifferent its advantage and
Prendvantavtwhich approptiste with different tevel of high
privrity prodess satamean time 1o shutdown of each process,

24, Fquaions

TheosySiem copssts Two independent: systom -conmcied in
pugettE! ks shows m figure b

"'.B

Figora ). Porpited system,

Fox thepoalicl dystem) if §ystem A o;wsmrh can be worked
that mesns he sySfem €8n be' succecded doatrol. The gystem
elfghiliee van b ohisin by [

BAING «G) o

R] = R+ R, ~R{%R, @

i 1 equsven (1) and (2), 4 the mumbers of parshiel
syam incredses it mw_&-ﬂisbiﬁyﬁk inzreased bt when the

wamber 0f paraiiet sysism incrsased, it will be increasing cost
“ang mife maintenanee reguired sise,

23 Cold standby systém (Imperfect Switching)

Cald standhy system Has one backup system that con switch from.
activesysten to Sandby system guickly when active systom has:
some problom which make ative system cannot control the
process, This method can reduee Ume o change 4 spare part in
prder fo maiEnance the system, Becatse it has 3 spare part that

ALE ISMUE-G
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instatted and was 10 aperation wheo active systent has probiems.
The cost of this method is double and plus the cost of switching
davice. s appropriste for longes

2.3, ot standby system (Perfeet Switching)

ot vandhy systen 1 use widely i industry. 1t fooks itke ould
standby system but the spare yystem 1 opemstral synchromizmbion
with sotive system and detects failure of active system. 1t active
system fufure, spore system will take nver control provess from
active system sutemateaily bat the outputs of controflers nesd
time to toeover state. If repover nme 8 @ than permussion
devwn tiros ther process must be shut down.

Aptive Standby

sysiem sysfem

Vrocess

Rijgure 2. Cotd stamiby-tystom

2.4. Partia) Redundancy yystem

in this paper, the Triple Modular Ridundapcy. {TMRY is appiied o
control the pas pressute process (TMR pses for some processes
Wat canoet have ntérpfi contrelbecaise” 8l compancis e
setive all time Bnd the Butyas 15 seleded from euipit soter The
advantage of TMR-Gaultadlerant system i naterrupted conto!
e s of contrelter are vuting reault ofeontrul daty hetore
sed signel 10 voutrel grocess theréfard if orie anit of sontredler
fai. 1t has W4 afleer o vuipot signal-The reliabilis oE TMER
cystem gan be ohtained ay following this cquation.

3

Rpsw' ,C,R'(f -mlt e

\e By
T [ 70T

Funie 3. Friple Modvlar Redwnlivngy Camfigurations

3. DISTRIBUTED REAL - 11ME BASED ON ETHERNET

istorically, Ethener [6] has been percaived as an unsuitable
meditgn for sesd-time data distribution The fear was thal the

o Mevhammmics 15 iSMOS, eUS. Skarik, U 4K April 1830, 2006

fundomentat accoss sigorithm, CSMA/CT, and the popular
transpert  protocot, TCPAP, zould not provide sufficiently
consistent latency for deternistic applicati There @e
compelling reasons o ubifize the Intemel Protocel (1P} for real-
time svsiems. P i guickly becoming the lingua franca of the
infermation ape, reaching inth cvery area of madern lite. Designs
wsirg 17 neswinking wall he able 1o take advantage of this
commestivity, G instance by monitoring and debugging systems
remiely. coticcing usage statistics, and even notifying service
¥ of of impeniding il

2 However, many teak-time
spplicwion eoginvers ure concerned by the fact that most i
wutems currently  utifize  nonedercnminitic  software and
hordware, Fur instance, the most compelling implementations
wuday uoe the Ethernes physical layer, OF conrse, 11 can run over
many media, and is in fagr aircady becoming available on fast
determimistic architectures such a8 FireWire (IEEE 1394)
Hiowever, mast hardware and software currenily available for TP
pees Eihemet hardware and Ethernet was siot desigoed for fxed
uming, Suntlafy, mest networking softy wilizes 8 §
Fetnco} such as TUP. Like Exhernet, TCF wis never designad for
vesbume Spmation. Instead, it provides relishle delivery-retrying
drupped phekens g midiesy of the delay incurred. Fortunately,
these problems dan heGyercHme.

1.3 Etherntt Access Algurithms

‘Mot TP LANs ase one of the flayors of the 8023 Ethemet

neiwaskang sandard.  Inexpersive,  refisble  handware
Lplementations, wich a3 108ase I are ubiguitous in offices and

Wb stories Esternet provides fast, sifigient ransport ot gither 10
or 106 Min/seennds Ia scal-tme sysiems, Ethernet's utility is
ctiallenged bopause, jo A busy environment. it does pot provide 3
fixed e Tor wenies to aceess the Hetwark wheir multiple nodes
11y torac cess b netvns K al the same fime

32 Fhe Fibernet Netvork Restundancy
The weakeirss OF startappiogy s the ywitching that »mﬂku,w_

4 whote cuamTRcaion sy AaR when it fails, In this paper, we
despn the Dual Fiheret Meowork (DEN) Inprder to profect the
Loemmmigation sysieie The DEN Ciinects 0 the MM ststions
“d e vonteo) stations Which are PCbased control system, This

gt orsiats o S ol of Etberned switeh 10/100Mbs and cach -

of amputers has sl Fihemne: Network Card that communicated.

over UTP medin as Musiaated 8 figore 3. The softvare o

Grganize Mhe deia exchange i85 sjeveloped by Micrasoft Visual
€ v 6.0 hased on windows 2000/XP opersting system. Windows .
Notket AP} and CSocker Class ipchding to MFC (M i
Furistion Classes) arz einployed indhis system,

4 SYSTEMDESIGN STRUCTURE

I s sbiie, the systom structure s divided inte-folr Ryers:
folloing as

s sencpysory Control System

s _paal Etherset Network

s PC-bascd Control System

o Fisld devives inpulfoutpul signal
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[ High Priority Process |

Figure 4. Dnal Fthernmet Netwirrx sygivm

4.1, Supervisory Control System

This pat is the HMIE stations thot each pas_consists ol tust
1100 Mbps Etherset Card connecting w Ethemel nerxork
switch over UTP eabie. Forthe piy of software, there are dhe
graphics usgp’ aiterface and the Snterfeing fupeticn that s
developed by using Microsoft Vishul C++ 8.8 The prosedurs of
communication function follows 2%, the progam will read
parmmeters from the active PC-based controller through the
Titbemet nétwork a3 the same time it will check the Rats of PO
Sased Confroicr for operating stalus is notemalily. H the program
has fomd the Smhire onthe contreller it wall change o' get dat
from the othes controildn. Such parameters are Actess Name that
is the wdidress or same of the controliar, o Tapi: that 1§ the
ampose of duts exchange (read targel 4 Write wrgeD), and i
that is sub address or 14g pame of the companent from: e
controlier

4.2, PO-Bayed Copirel System

The Prograromable Logic Conwalier g5 widely weed i Pidusty
because it is ableto toierae fhe wmoustrial onvipmmsedt and thérs
are many fncrions & support idistisl applications such s ¥iD,
Fuzzy, and positioning contrel £1C., however, the ebtmmunication
protocol 18 not opened and lack to" suppest the uipen sy e
protosol. Presently, fhe FObased controd system for industoat &
sdvance developed thist can be" applied 18 ke, industrini
eavironment as well, Furtbeomare, it 15 deaigriod base o7 The open
archifecture 5o that.it i easy fo'vonacct to the aiher Systems. Far
this feason, it bringeahant 1o design the control sysiemn based oi
PC. Each of PC-based PID controtlers consists of malog inpit
and apalog owput that seadéiand teosives) signel from the
pressure tansducer and control yalvenf the gas prossyre pricess,
The conirol parsmcters such as TID, set.pont and proOess

mamtoring et be done by PC-based contreller. To-ddexign the:

redundant control system, there are simplarly fhree. sostiol
stations snd each station can exchange dats zach aiher thicugh

the DEN, hut only ope station can be the active aentroiles, When

the active cormroller is falhwre wob any reasons such as the
compnication faided, 170 failed of the controtier failed then the
other standly controllers will be appeared the sstive controlier
replacing the failed conmudler by voting method so that the
mighest performance commiler will be awardest 1o the adtive
conwatier. At the same time, the fauit condition will be notfied
on the supervisory conirol systemn i order (o repar such sysiom,

5. THE EXFERIMENTAL RESULT

i this paget, Wme fanit condition is defined for tyo cases, Brstly
the fauht from hardware and secomd the fault from software. The
fault condition s3n oecur 1 2ll pants of a whole system 5o we
separated it for each parnt for resting, Before wsting the eperation,
the seiting configuration is shawn as figure 5.

Cemtigonetioa o 1 Comteasier {5
4 oo
:!. 5 P D Lo
. a weR
P A Th RV T
A RSN NS >
RN
- A RN
; PRSP m
} P s -
[ "
i A v ts 2
1 A ez al :
> >
! Dewr fewe 38 fNnsy
i
wrenne 2
TIADN » f 5_= 3 3
t S

Fivie Sa. Configuration of PObased gontrolier.

foonans ]

< ] ‘ §
q‘ﬂ'hﬂ!-ob 2 Pp——
- - ‘
g ? - 11 T
A r N Fasatoromi v 1
o P Bl | g
A w0 Ry m
A SR I T srammwm{ B F ¥ 3
e i
dug‘;‘ L

Figure St Configuratinn of HMI statlon.

Fireily, the IF address hins 0 sef up for communicating smong the
compiters To check stitus of each station can be made by using |
Windnws Socket APE funcrion which is » standard funchorn in
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window 2 bits  opurting  systeny Sevonily, the oo
specificatmns are sefined such ss node name, agpphostion name
snd topie name. Yor cxample testing of operation, when 1he
computer controlier P address 19214803 iy warking as the
sctive coptroiler Bas # fault condion then the duat HMY station
will chanpe rrading data & the computer controtier 1P wiifress
192 148.0.2. Su Cwhen the poiive compules controller 7as 4
fault conditis e other standby centiotier will be operaied o
contrutier mstead the farled cantroiiet

Finally, o measute the snaximum  tiaster time between
comrofiers from active vontroller w standby controlfer by mzans
furn off the power for 100 times, The renult iy ilustrated on Bgure
7 that can be accepted for this control system For the provess
with short detay time, it is necessary w anglyre the provesung
timne o8 weil o5 the commmnic

7 Tch ey Prores i
Figuren TEe ioemal sperution.

e

! -
1

¥10]

i Privty

Frgure &b, The Tonls cendition;

[

Process

6. CONCLUSION

I this paper, the sxperinent of e R85 pressire process controt
systein via Dowd  Esherset Nevwork  wih Triple Module
Redundaicy contiol svater can Control the RRS PIEANIE provess

continuously altheugh the PC-bawed controtler has failed, other
confrofiers can still instead the sontrol tisk of this process s well
a¢ the HMI sration ean still monitor task even one of them have
favlt condition, The outpul signal can recover respond on range of
permission down time of gas pressure process. I other processes
have shutter permission down tme than such process, it 15
ancensary to vonsider the condition Concaning the tive response
0 amprnve the redundant system for control that prcess. Owy
swystern ean roreave the reliability as well us the nisk of fanlt of a
whole svsiem and spply o any high prioaty  process
approprintely

Frgore | Translerring fine betwéen changing condition
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