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ABSTRACT

This thesis presents the pressure control using generalized predictive controller (GPC) for
the pneumatic-pressure-load system in which electro-pneumatic proportional pressure valve is
employed as an actuator. Since the characteristic of electro-pneumatic proportional pressure valve
is time-varying and nonlinear, a three-order controlled auto-regressive moving average (CARMA)
model suitable for pneumatic actuator is then used to modeling process system. In order to
estimate the model parameter, we use recursive least-squares method with forgetting factor. In the
proposed method, the system parameters estimation is required only, but not requires the state
parameters estimation. Experimental results show that the overshoot and oscillation happen for
open loop response but the overshoot and oscillation are eliminated for the closed loop response.

Moreover, steady-state pressure is accurate enough.
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uvvdeiiios liuuuy hideiios dmiudyanadimsmedmduna (1) Ssgndudayan
A o4 B A A M 4 U
wdamldenliludyapauuyhiderios 7(A7) uazdadumiligndananmedudigndu
[ o 4 & ] o 9 A v v
dygruduu@wes luszuy y(k7) Fesziiniswadranemsavarludiuveenis
° ' a [ A '
wsuieusazdnnaldiuddygruienaauuy lideiies e(kT) Tasaunswadisves
1 & 3 A ' ' 2 U '
MIFABLVVABINBY NAD MIdszuus Tasaumsnadie Fudunisdszunaaoy la
1 A 1 ' o " o
aottinglegluglvesaumsnadis wazawisoiimsBounuungAnssunianaiaves
M s $ : é o N 4
szuy D(s) tiimunaweimsgudygiuiduniofme dewadnivesdumanasied
v A g A P v ) Ao v o o dy
Fhuwunanlideiiiesfife u(kT) NMungazdrvaznanimsqudagn aggmulegn
L4 ' A e @ { . A
wasIlyfudygranuunadenios «(r) Tassulasdyanauuuna ludeiosluiiiy
1 J A g 'W g
HUVAABILDY (D / A converter U993 ATy 104 ( Hold ) uaziidautlasdoyaup / A
b4
S ' o ' L _~ o N A e
Himsulasmnnesdeyasiagudes luiiflumdyauriaussiunuunaideiios uazn

AYA12995SURDYUE ( Zero — Order Hold )ilnihiihmsinuszdumvesdyanmiignudas
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ndumniianuswdsuminauennealunsazsismunmniimauaindudygauay
t4 ' ]
wadwsvosdyan (1) fowsahludguasafidudaduieg Tasldnnugndeauiué

A 1% ts a o v A
miloudu gilnseinugulussuyidiudyguuuunaidedies

y ¥V '
lunll S x Aemsudlslasusvesx Tuseseninna 8¢ awdd ¢ 1185 ey

é o g Y J i L 4
guiginnuduiusiansadseinumigndes1ddeaumsi 2.2)

. x(k+1)—x(k
x(k) = Xk +D—x(k) 22)
T
A o L o 4 ~
e T =1, -1, femunmlumsduieiudyanunld Gui)
A ’ ’ I \ o d’
=k  fodnsznivnaifinsdudygudeyani
x(k) Aofvesdygm x fina 1, uwaz & Wuevd oy

x(k+1)  femwesdygm x fina 7,

E 4 v v '
msiszmnamiirunseFldiamuaduuinuiieyiuiilsng ludniuguddae
J : * 4 é A” aa -~
aumsradnidngszuuiidugavesaums Feanansoudilymil 188 easaeanouiunes
14
UL YAYOIANMIMANTIITONT “aQuMIANUUANAT N0 duMsHaAN” uazudilymidy

EY 4{‘& J : Y ] d"w d' ' - U
YAVDIVBDYAAUNIT mnmumnunauc]unm’smmi‘lumm mmi‘luﬂawmmamunm T

o

Digital Computer

r(t)_ JT + €@D)| Dpigital KT) aD:; u(t) | System or N -
r(kT) 4 Controller Hold Plant
Clock

Connecting to Digital Device
Digital |/0D4—>
! ‘

. A ==
2 TamER [ Semsorje——

Sampler I v(t)

Ui 213 ununmudaens 19aSaoanouiames lumsauguszuunamens
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a o Aaa a o 4 dy
51 2.13 uemsmsihasasansuiumesn IS lumsaruguszuunamans lugdil
2 o w ¥ dy v ¢ ¢ ' o d aa
uaastemahdygnudoyan 18on ginsaliwues (sensor) uuud1eg Nenidunuufinea
y a A aa a { @ °
uaznuvowiRenddaeuiiuaes iissnndineaneuiunesnifdudniuguiinieu
@ i v A { ' a a . o
Tudnuugi lidoilosmnamiedlunuuiGonifania (discrete) Aaiudginsalimues
3 4 H L4 ' A
adluszuuowden  dygrui Idvifudyauuuunaideiiog (continuous time signal)
[ o’/’ <2 9 =) PR [ v A ﬂ o ]
aaiu Sedesiigunssingelumsuasdygrasuunmdees luifudygsuuunarly
v A ) g yda o Y v
AoIiiog (discrete signal) Tavgilnsaifi 14finAedulasdyanauuueundendiudya iy
#9900 (Analog to Digital converter : A/D converter ) Tngeziidgyaauinmnimiinaugy
aunar 7 lumsqudgygudoyn uaddygranialdnngilassisuwesidiugilnsal
aa o ] oo aa A o v aa <
HUDAYADA (digital sensor) 19U QURTElIMEMYUUUVATARA HTBiFun 11 “Ainen Bu

1AnInD$(digital rotary encoder) UAZAIINTTHLNUUVAIABA (digital linear encoder) 1uAU

}4
A A W ¥

lunsdifidygradeyassgndsinudr lfsdaneufiaees  Taoduginsaiiuddeyai
’ aa a . A s 'o o
Funi1 “AInoadune 101ANA” (Digital 1/0) 1 ndygrudeyaniniiudesinnnginsal
wuesaegndadi lufsneufianes @nruguiis 1fesnuunBudreegnulaouliidy
a saa o’;‘ U v an a o o U - o 9/ a
Tilsunsunoununesnands aguualntasansunImesning1l Taolidygmudeds (1)
&' a Jaa : ' 9 a d A
919 szardnvulugduuvveslisunsunsunumesnanaseguuaneuiines nise1uily
o v A A a Jd o 0’: o 9 9 4 [
dyguuuunadeiiosiegneusnaeuiauae saiunsuiludesldginseinasdygrm
L4
wuvewdendlunuuaiaea lumahdygraniudunluneuiunes susadoadumsdy
' W =4 a @ o 1 s o
adygnutiiuirnuiiudismuaniuna 7 lumsduiidyana msfmuasiunalu
, ¢ & o o aa A (d 1 o
nmsgquiiuGesding lunseenuuuszuumuguuuuAIaea dseznaide 11 dyaw u()
A L3 A o dye 9 Aa 0’: ’ 9
fie dyanunruguilFlunsmuguazuy dygruiisuuldnndniuguiidadeglud?
a L. @ Ao o aa o
apuNuaes N30 u(k7) dygrunsiuinldnndnuquuuudisea willudya sy
A v A A o A L 2 o’: 9 LI [ '
na ldsitiesmsednm wnandnsduia  Aniudzihdygiudinainliaiugy
<o 9 v Q@ o ' aa a @ Ay
szuy Adhfludesdadyanuniuguasndnesnnndtneansufiunes lfszuuidosns
'+ A ! 0 A o &
WAL wAeINsTUUNABImsauguiinheulugluuuvesnaideiiios daiu 3
fuiludesiigunsaindmiiulasdygranuudtaea Mifudyguuuueuden ( Digital
to Analog converter : D/A converter ) fioufisdudgszuuidssnszarungy uazginsal
v ’
asnanilezimihinaed (old)  dygralusrsmunaimsgy msnsdgyguiidioiu
NAWULY 1BU MIAIAIA00A TUFNAIUNIAINITYN ( Zero order hold ) nIonAUVEIRY
P2 . v { [ 1 a Y '
W9 ( First order hold ) 1iludu msnsnsiinasa lugnaunaimsguiioyl¥iuuinni

A v d' 9 A W » d‘y
Tﬂﬂm‘ﬂ'lzmﬂﬂ'ml’m'lﬂlBﬂﬂ'liffll‘l'lﬁl'ifﬂ"l’)u’luﬁiE)E)ﬁi']ﬂ”ﬁfﬂﬂﬁﬂ
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naurun gt 2.3 dygrw wi)uazdygru ve)Wudygiusuniuly
v o :!' [ % q' 9 é
uuuang Tasdygrusunau we) idudygrausuniuludszuuidesmsniugy ¥
919921NANANVHANDIATUNIT$1a090 1R IIUYBITLVY 19U ANNRA N152IUR
a A~ 4 4 Y o o
wasumlasrasanauilelimsniounivesszuy Wudu dygnusuniu v Hudygyn
A a J 3 A a L4 4 =3 3 A
sunIuninasuNNMIIanienanngUnssimuwes uaetelsnaw dygrmusuniui
a J Y Ay n’ a g
naYuRAsTUUiasImIauguily TaslnAudlszuunlruguuuulsseuila (closed-loop
=) ' o =) o L v ’ ~ i
control) iiunumlumsssaanansznususziinnndygyudenan lddeudrsfoguds
szuunianumusalumsauguanunldsunlasdenan 1dfseSenszuudananin
Aa a 4 9 o 5 !
Wluszuuidnnuasmi(robustness) tagiinnuifrdosfiuanlavesszuy (sensitivity) 137
1 =] é J a a 9
Ténantemsmanulhvesszuuniugy dazduiugulumsinseianuamuvesda
& & 4
awguilFluszuuniugus lumstnuszuumuguitgs Susnannsofnuanuamy

YoIRINIUN 1A

Taoi r(t) i ﬁmmwmé’wﬁa (reference or command inputs)

u(t) S dyg1MAIVA (control of actuator input signal)

¥6)  1Hu dayanue1dnA9InITUL (controlled or output signal) H3odaygaiiezgn
Saodssio i I sumpouRunesivmifiniugumsiauesssuy

7 eunai g lumsduiededyaudeya Taoh, £ = (k7)

y' (kT i fyapamngunsalisumesanniiald wazdededhlfnoufiunes

e’ (kT) i Soygnausfanaadildon #(k7)— y* (kT) n?aﬁtytg”nmmmﬁﬂwmﬂ?;
IRWIE (indicated error)

e(r) W dyanmumRanaindi Iden #() - y(6) e anuRaNaRYBIITIY

w(t) i 3N 1UIZUY ( Noise or disturbance to the plant)

() i dygnasumuiigunselimumed ( distrbance or noise in the sensor)

AD il gilnselnlasdygnuewnden wie dyanauuunaseiies 1l
dyguAtaon nie dygiuuuunarlideiies (Analog to Digital
converter)

/A il unsslilosdyanudiaoa vie dygrmuuunalidedios 1l
dygruowiden nio dyanauuuiaireiies (Digital to Analog

Converter )
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~ s o N 4 M A @ {
mmmmwuumm?mwufizwmmyzywmsmunmﬂmumuaz ﬁiyiy'lﬂlﬁ 1?51’%']ﬂﬂ'li

4 9y

quaredndayalastinunalumsgu 7 14&aii Ao
Y (6)=6: (1) »(¢) (2.3)

Tawii 8, () swsnition 'l fail
5 (1)0 ié(f—Kt) (2.4)
k=0

wioemnsa@eulugiuunvesaunisduinianislseau (convolution integral)

o0

y'(r) 2 r(1)s(r-Kr) (2.5)

k=—0

R a d do
2.4 uuumaaamaﬂmmmtmwm‘szvmmzﬁamudmia‘u

v v '
uuuSnesnnadiamaasvesszvunazfendudioTowiuiiog 3 drundniidiug,
wilsvesszuulae y Aedgyapaniuguindaldmednuednavesnszuaums « Aemdayam
augunaldmedduyavesnszuaums uag e AodaanmIunIu( Noise) ioau lau

uauummuﬁmmmam‘immﬁm’mmﬂszmumi

b4

2.4.1 1YV 1AL INIABAMEA INUFIHUD DAY
v »
uuudraesmuadamaasiugiuuuudeg b ldfunszuiums szuvaiugu

v 1
upvdFuaa 1y ennsoutisusnesn 1duysennaeg fsde 114

24.1.1 ll'll‘l]5168@”“?\6&9!?!16”%!!1]1]!681% (AR Model)

o a A < [ ' &
wuunemnsiamaasiuueet’ SyeSon@uilunusenguii “Auto regressive

Model” ¥39i38n68991 AR Model

y(k)+aly(k—1)+a2y(k-—2)+ ...... +a,y(k—n)=e(k) (2.6)
Tufid

a,,...,a, AOWITNADI LUV HIADINANANTATYDINTZUIUMNST
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y(k) ﬁﬂﬁwﬁiyimmﬁ%'ﬂ'lﬁwwmﬁvg AVBINTELIUMS BT avay Tae
wae y(k—n), y(k—n+1),..., y(k-1) Aovuudwudygmiialémandnaves
nsrumsiEhuunmdvas i ueda Sududiiom (k—n)
Fouliauts Srnmiidehudign (k-1) Taeld 7 Suneinouds

4
maad 1,2,...,n

=h.

3

s

e(k)  AodyguIUNIUNTEMITUNIUIUNIZUIUMS (Noise or disturbance)

R

~

Falimsiuindanudyapumaawanaida ldnnnszuiums uaee 1y
fimstuinianudyapudeyaifunfumsnsziwesdyamsuniu

VUNTLUIUMIHALANUHANDIAVBINIT TIADINTSUIUMS

LL‘U‘Uﬁo'lﬁtN‘Vl'Nﬂfﬁﬂﬁ'lﬁﬂ{‘UﬂQﬂiz'iJ'J‘IJﬂ'liﬁQfﬂJ M3N (2.5) mmsna?muuazu.ﬁm‘lf’f

Swaumano i
A(q7")y(k)=e(k) 2.7)
it A(g")=1+a,(47)+a(¢7)+ ..t a,(¢7). 23)

Tao (¢7') Wudadwidunsviiabonliniedunds (backward shift operator)yes

' d' " A
niaeh lideioanana

2.4.1.2 nuudraeanngiamansuuylene1s (IAR Model )

o a 4 A < [ 3
5151 %'lﬁf)\ﬁ’l'lﬂﬂmﬂﬁ'lﬁﬂﬂl'll‘ﬂ18!@@15" ﬁ%m‘%nmﬁmﬂummmnqyﬂ “Integrated

Auto regressive Model” n3old Uﬂtiﬂ‘]’h IAR Model

i d
wuuSassnuasiamaasuuuil Januadeadsiuuuuiiaenadamansuuy
w015 onduud Inssadreludiunssrusudaya s unIu (ntegrated  Noise  Structure)

o a o a’ ¥y [ dy
LUUIDDINNAUAFITATULU UV ﬂllﬁﬂﬂlﬂﬂ’lﬂﬁuﬂ'ﬁﬂﬂﬂﬂ‘lﬁu

A(g7)y(k)=e(k)/ A (2.9)
wazld A Aemdlvvesdaduiiunssiianad1an1ean ( The unit difference operator )

Taolian ; A=1-g~"
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Aariu A(q")Ay(k) =e(k)
Yo Ay(k)+ a Ay ~1)+ @Ak -2) ...+ aAk-n)=e(k)  (2.10)
il Ay(k) = y(k)-y(k-1)

2.4.1.3 nuudiaesmandinmansuuuie1sidue (ARMA Model )

° a o J o Al a < o '
UUUADINNANAATATUUULIDOBDITIDULD Uﬂfﬂliﬂﬂlﬂﬁlﬂuﬂ'lll')ﬂ\iﬂf]‘ﬂ’ﬂ “Auto

regressive Moving Average Model “ n30i3 Uﬂtif)‘]’i”l ARMA Model

@

v ¥ v
Tuntidygusuniu gunudeduenomuvessuudnudeya

A(g™)y(k)=C(g7)e(k) @.11)

14

luiiil C(q'l)z 1+c1(q")+c2 (q"2)+ ...... +¢, (q")
waeld  C(q™) i Ind Tudvafiadesad,

v v
AaiuauNsn (2.11) Mmsimvualfuaz@euvens 1adly

y(k)+ayk-1)+ay(k—2)+..+a,y(k—n)
=e(k)+ce(k—-1)+ce(k—2)+...+ce(k-r) i)

S84 ' a o o ° v A A Y '
luniimsdsznumvesmnsiiwestiu - anusuluedteizdeansuaives
‘& @ ' o \J : ' ' é
e(k—1),e(k-2),...,e(k - r) Fdmivmasnanidszunm 1duds smlasmilersssdesgn

vy ﬁaathq'?;uﬁﬂa‘lﬁtﬁuﬁm%"umiﬂizmmﬁwmﬁtymmmmu ldasdl
Wanaumsh (2.11) y(k)=(1-4@™)y(k)+C(q7)e(k)

£ 4 A 9
Antumatszinae y(k|k 1) aunsouaasaz@ouvens 8o lui

Y(klk=1)=—ar yk—1)=a2 y(k —2)~...— an y(k —n~1)

rare(k-1+cre(k~-2)+...4 cre(k—r) (2.13)
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AN

d':ly A v o oSl '
wazluintl a,a AeAMImeINgnYszun  uazmsdszuiua1ves e(k)
q’: o E2 » A [ [ v A 9 a0 YA
vutmualilay e(k) = y(k)- y(k|k-1) dmSuausuduves e oneaunaliinuiiu

ﬁué(Zmn)

24.1.4 uyudiaeInendinmanstuuee1sledue (ARIMA Model)

o a 4 < Al A 5] [ '
LL’U‘Ui]']ﬁﬂ\ﬁ’n\iﬂﬂlﬁﬁ'lﬁﬂillﬂnmﬂ']ﬂﬂlﬂllm mxmwnmm"i‘lummmnqy’n “Auto

regressive Integrated Moving Average Model “ n3ois 8NED171 ARIMA Model

v
WU IneINAtiamaasLUUNTAMUAR AR VILYS a0 19t amaas
v v ¥
wuv'lewes lwaumsuuuiasaneadiamans aumsi 2.9) lufifl Inssadrsvesmssay

dyasunIu (Integrated Noise Structure ) @1135aW9150114 lag

A(q“)y(k):—c—(—q-_;)ei) (2.14)

waztuffe Ay(k)+aAy(k—1)+a,Ap(k —2)+......+a,Ay(k —n)
=e(k)+ce(k-1)+ce(k-2)+.....+ce(k—r) (2.15)

24.15 1Uui 180N IndinmansuyyF1ee1519Me (CARMA Model)

° a ¢ = - ad o < o '
LUUABIVINAUAFTAT LUUBIDD 1T DU msmwnmmi'lummmnquﬂ “Controlled
- - Ll \ é
Auto regressive Moving Average Model” H?m?tlﬂﬂaf]’n CARMA Model #aiinnundienae

Y o a o P 1t a o = s o o &
AVLUUADINNAUATATLUULODITIDULID uﬁufnslwuﬂ'Ju‘l_liﬂﬂqu‘lmE)uWﬂﬁlﬂs'JﬂJﬁﬂﬁ'Jﬂﬂu
A(q")y(k)=B(q")u(k-d)+C(q7")e(k) (2.16)

A(q'l ) =l+aq " +a,q 2 +....+aq™" ;

=.
b,

TaoTu
B(q'l ) =b,+bq +b,q 7 +....+b g " ;

C(q")z 149 +6,q7 +.....+c, g™ ;
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fmuald  e(k) AodyamsumunTemssunaulunszuums ( Noise or disturbance)
uazunuay liiueuvesuudaemadiamans
C(g") muyaliius nd TudivainGosaei
d  femwamgnlszdesznindyg uounyaueinszuiums « uasdygnu
4 Y A P A o a o
1DIANAVBINTZUIUMS y wazaimsuldeulosndyguduya « 0
¥ a A 4o s v 4. &
wiflunalhifamsudouasidyguedya y mendanniasdu
. : !
yoana d i liasusenamils
& ° a °
Fauuy SraematiamaasiuFHe15due (CARMA Model) Hagiuu§1089n19
a 4 =] 3 JAxd a 5] o ' o .
AlAMAATLLY 15UV Y NlYeFonAuilunuSingyin “Auto regressive Moving
(] ' o o
Average Model with Exogenous” #30i38n6931 ARMAX Model NABLULIIABINIG

amamaasyaNmlout UL

24.1.6 UVUSIRINIAGIAMAAIIULFI013 1018318 (CARIMA Model)

nuuaesneadamaasuuy Fiee15ledue Heionduunivisingyi
“Controlled Auto regressive Integrated Moving Average Model ) ” H?Bfﬁ’tmtif)“]’h CARIMA
Model Lunnemndamaasuuuiinnnundiondsfuuun Sasamendamansiuy
ARIMA uadmsiivludanvesdygiaufulsmedmdunafifaonmouen waziun

4
sty asIneatiamaas Ul

A(q)y(k)=B(qg" )u(k-d)+ & 2.17)

(97)e(k)
A

wuRmItULUD§ e adiamaasuuy #ee1s leidue (CARIMA Model ) #
Tnserdvowuu§iaomundiamaasimiousuuuuiinemendiamansiuy we1¥le
Buednd Hildedondufiun1ndinguin “Auto regressive Integrated Moving Average Model
with Exogenous Input ” #3856n88931 ARIMAX Model #afiflunuuiiaesmandinmanyd
wuRefuiues  lunsdivesmsunuszuusidiouuuinemendamaaiuuy Foey

loue ¥eeanszuIUMIAWaUMSHULS oI Nadamansn (2.17) 1218

A(g™)y(k)= B(q")u(k—l)+M (2.18)
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14

il e(k) dunnudwudygusumuriiaguuuui bifanduius ( Uncorrelation )

A ABMUIBYBIMIRNHUNTFUANAANNINIAN ( The unit difference operator )
Taolien ; A=1-¢""

woelH (e(k)/A) dhunvndoesmendiamanivesdyapusununiimsnasuutamie'ls
At (Non stationary Noise) tazAmIafignilseisseniedyamuduns

4 A a J .
uazdygnueIdys FeauyAliiaecaiondu 1

Y ° G 4
24.2 Tﬂ‘Nmmm‘umt\muazmsmsﬂmlszmnwaﬂuawagnuunszmumﬁ
nMsuaaIMslszuiua1vesmnsiiees  wazuuuineanadamansniina
¥ A~ 4' ° o v o o ¥ v 4 Y a v W &
gnAvsnselimauanausmbnlyldiu Wuidendnnszdesinsandusuduusn @
) 3 A ¥ o a 4 Ay
gionswanemsionldlnssadwvoswwudaesmeadiamens msizanudssouindes
9 1 A 9/ d' dvo’l‘ ad o a v :
My WMnsdsznamiianugndesiiqe uennnfiduseudsduiumslumsyszunauaniu
' vy ) o d‘d’,A & A ﬂ 9/ J v dA [ A
$1eligeen dmsuluitidaminduanudesmsiugniunie AYYIUITUNIU NAITY
(7= o @ J . o 9 2 o P 9 o
W Tifendausius( Uncorrelation ) NUYDYA DU NITNNIUNYNADIVDILVVIINDINN
a g 1 A 9 o ¥ A a =) a
AlAMTAT IUFAMEIUIU Avanisvesdygudeyainei lulimsalfeunlas
¥
anumnzaylumswseudszuanavesdoya ludssduauisasionsdutiums
Tumsiszinadwaz Idanuiuloluanuaumgauwavesmsdszanua uumedsms
o a 9 o (3 ' o [ =) g 9 Q’: a 4 [
mlUnlsmudulngidmsumsmdounssummadesduiulinnuuandieiu
v t4
wamqmmmﬁmmﬁmmmmﬁwmmnszmums (k) viuigatl
v 24 v 0’: b ub %
1) waAn e Tunianiieduan (unit time-step) 154 z(k)= y(k)- y(k—1)

2) wadvesmwnm iU x(k) = y(k)-y(k- p)

S ' ) 2 .3 8
Tunil 2(k)  Aumasemenamuunaidvae lunilamiaeduna (Unit time
step difference )ajmﬁtytgmmwfwmmmzmums
y(k)  Sudygraserdnamunminuzusinszuaums anailigsu
(ke —1) dudyaauerdyauuunmiuuzysnIzuIums v
v
rilalaSsarga
x(k)  WluwasavesnIuna ( Periodic difference )
y(k - p) dudgygiuedyauunnadung veInszuums vessnmi
' Y a a
A lludrlueda dunaifianuen paunm

P ﬁi) AVYTIVDIATVLIAT
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2.4.3 MsUazanamiuaznsTUIUM SN IMTUNIY

v ¥
mIesneRManyus IMmIavesdygusunmuiulianudwynumstnsanlu
1 a 4 9 [ a m&' 9 o Y v A
mstsznaamnsiimes Iassadvesdygrusuniuiauuatudesih finunzaududs
mavszanud mn1Fsmsh limuzaulunsdssnmmernh i dwan lieuysel vu
9/ Aada v a 9 o ' 9 o og A [
anuazmnasdeaunAnmIseusutenlFiuedenivenma lihiunde “dyanusuniu
. . LY U v a 4 Aad o w 9 a
¥17” (White noise) A9AI9818luMsUszanuamisiiinesvesismssidsdesioiiga(Least
4 ' o s 2L & an ' a 4
square method) N192 @nanswazidoaluideda 1y Fefidhuniialudsmsdszunadmsives
nwigauazamnse ldfumsmmslszanusummne auigadae
Tua7Im 939 Ty s unIu(noise) Av uasdunuuasimsunsnszneouuumd
14 v
Feou myessiunueedwstiugiimeiiises iazazende Inssad wvesdagnusunan
24 <3 < o o’: a = o a I8
Falassardradans wosdggnusuanniu Ansan 1 Tunsdlvesuuusaesmadissnaasiuy
s Ao q’:
Tewens, 1001510 Do uag wors leduednd Admuald (e(k)/A) uSvuaiiowdu
unasiutinvesdulnsededenan uazanuuandwidsinguudygadeyaduiuuinaes
a 4 ' dy Y o A a J ﬁ a A ey ¥ @
neadasaasmaril  Juwalidyaasumuinadunaeuiiusiian ludenduius
(Uncorrelation )iudayamdoya
Ansanqudnyuzvesdygnudeyanindeilsnguazussyegluanuivesdoynm
o [ 9 £ a o s 9 a
dmiuyngnszuaums  Aeems Iianwduazesddsznevvesdygimdeyaiilsinguu
L4 » v
AsEUIUMITY agludmanudvesdygranlianumungaunazudusudmsums 1dnu
s o Ada 1 o & 99 Aa o Aa
Tagosdilsznovvssdyanuniuanisdunminldmsaeuausshidfussuunszummanil
Tnssadwesrisznounuunudidiugud (nSvumoul1dtuIinihnszuanss ) niefiduade
avwdndlugud  uazua hiuvesssddszneuinsing ludyanudeyaniosninmsulsiu
b4
N9YUIA ( Magnitude) vo903a1)sznoudyanudanantiuianios  mldmsdszuasives
v 4 v v k4 »
windwesnimngamiududefion wszaziiusnsieimadenseyzldnuaives
v ] t4
uvuaes 1 lildlnngesdilsznevvesdygauniudd  fgymitlannsoudlvlsulys
I8dremsnsesimriiannuiguesdygudeyaneummadszunmm
v t4 v [ »
Tuanuinedesiuiilideddnyeg 2 Yszmsi gadmua MBivedinsan Ysemsusn
A U Q LY 9 A b 1 d' [ d'
D ﬂ'ﬁ'?')ﬂﬂquﬂ}ﬂq/ﬁfﬁfg'lﬂl5'llﬂ'Juﬂﬂmﬂgﬁﬂﬂizﬂﬂﬂﬂﬁﬂﬁ')uﬂigﬂﬂﬂﬂlﬂuﬁiyﬂg’]mﬂ']’]ﬂﬂ
' v v
g9 snddegstiavesdunaniuld dyaueeaunan (spike) nagaauzyosdygrunios
: v . £ ; g <
wasuszaued1es1a32 luT 191 ULEL 1A (sudden rise and fall signal) Usznisfides ms
y v v v v
nspuuuAUageiy mlvimsnlududygrusunundanuige saiulumsiaesiuy

@ v ¥ a wva u’: ad o A P b4 Y @ dy
NNMIINNAYYIUVDYA msﬂgummﬂmmuaﬁmmumiwﬂmms 3 ﬂlﬂﬂ\iﬂﬂvlllu
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1) dygrusuniuniediuilsznenvesnny bimiveussswwuusiaesniseziiy
wuy luiTiemduRus( Uncorrelation ) fiudoya
a A EY a v o v a I
2) ATILHANALIANUABININITYILIUAMAUMITINNGUUBINIIRDTNT
dailsgneunuidvesdoyn

3) anlsznuanasiimsflestumaninnssauiuvesdygnusumusudygudeoyn

Qs d Y

2.5 mmuflmmUmﬂm‘smﬁﬂﬂlmu GPC
» v
Fmsnuguuuylgnsaianissiarmi 18imsSi5ulu a.a.1978 nasnmiulad

M3 AUBAINIUAN TULUINWAINA1IAINN YU DMC (Dynamic Matrix Control), EPSAC
(Extended Predictive Self-Adaptive Control) i8¢ GPC (Generalize Predictive Control) Hudu
A Ll 9 o’; 9 A a
FBENMIMVAUUULAIAMINANNT WY GPC Huase lgnugunszuumsninelsgl

A Aa [ ° ¥ 1 Al A 9 ~
p1amTenszurumsiianumindr Idiiuedsd Susudmunumluaunivgu

J o @ ' L]
aszuaumMsmnTuL Mlvimsineduauaswann T luuuamed g egieninens

2.5.1 UUINAVBININILAUUVY GPC
[ o = '’ o o v
WANNSYBIAINILANILIY GPC MiTluruiRerfudnuguuuunIamssialani
a A A o 3 A o 9y 4 Ju Ao - 9 a v q’;
wiladuq Ao nnumdygunuguinih idaednilsnsundmuaiianioongalundazads
E4 [
YoIMIFUA MstuvesinIuguuuumamsaiarminiulidnuas indesumsaiugu
wuUIMNIZaNiga (Optimal Control)  Aviflumsmidyauaiuguiivhldmnedniladdu
v Ao . A Y A & 1 Ao o » Y
Tugnsidmua  (Horizon) Janfoshgaderrsidmuainiiu $r9vewnarlueuinn 9o
1 ' o a [ {
UANAINIZMINAINIVAVUULAIANITNA1MIIN ARV UIUDIMLIZANAge Aolums
v '
auguuuumansaiasinineihdyanantuguams aidiuon 181 ¥ unagdims
4
o [ ' o [ & °
Aamdygruntuguininnaiwesmsgy desmsihauvesmsaiuguuuuniamsel
v
aranThanyaeiiifondn Receding Horizon [2]
L o 4 ’ o N A
UAAYDIRIAIUANILY GPC e Tdnndanuguuuumamssialaniuuudue
3 v i 4
Ae Mmsfmuanvuassneatiamanas uazmssimuanednileddunsiingizasesnuuy
o d 1 9 n’l’ ad Ay 9y ° a 4
dmuguuuuaamsaidaminiu uitnsideslduvuinemendamansvos
v

nszIUMs lumsesnuuumMsaIuguesedau aniumsfmuauuyasmeadamans

¥09n5zUIUMs lugduuuiiaiu sei 1 Iddnuquiniidnuae msiaudiiu
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d
252 MIFAATIZHAINIVNMNLIY GPC
[ 7 @ 3’ o‘/’ [
ATZUIUMINITUATIEHANIVANUDY GPC  HusnouReduneUndng a1
Q’: L ~ o o LY \ Q" é
upeU IR INUMITURTIARIRIUgUIULMIAMIaTaanTag Tuuudug e
9 v 14
1. YunsnasIauMIAIANII (i-step ahead predictor) Yuasuiine 183 uilu
14 v ] L AN 3 »
Yumeundigiiqalumsduasigddiniuguuuuniamsaiarant netlinsizaunisi
o q’: dyq v v @ ° @ Ao (3
Anomlaluduneuiiinade Tnsassrednua mavhauvesimuguitdunsie iy
o ° 7 s o 7 7w
2. Yuiestimua aednilendudiumsfmuagiunuvesnedniledduuns
4 . 2 . A ° @
$29989M3A1AN50 (Prediction Horizon) e 1difiunmat lumssnaumyavesdaygin
AR
: 9 [ [ o (3 4 °
3. dugaeimamdygruniuge Jumsdnamdygunuguinm
' s do I d  a i 44 o Y
TWrnedniledguindmun 3uduaeuiinesdinniosiige daluduasuiiise ldyaves
doygunugueenu Inge1fendnn15ve Receding Horizon 151921m15idondayan
aufuiusn lugpvesdygamd i ldndmuaiiudya e inavesiinruguluud

£ 4
£ATIVRINIGU

2.5.2.L.msa5Naun1sman1 el

¢ Y co 3 A gvo : o &
wilszasfvesnsainaummamasiiunme 1dinmsdseuusivesdygrun

o = 2 A Y A
191AWA( Output )YBINITUIUMSI IHOMIAANIAT k+i 1We & Hunarilegiiu Ferrves

o (4 ¥ o’: J (Y @ : v A
dygraerdnalueuinn y(k+i)iuvusgiugavesdygruniugy (k) Awudiinan

% & A 5N 9 A q’: a A [ A

Togiu £ Defna k+i doudeyadunanuaiiuenmileningadygiuaiugu Ade
o Q’l’ ral L% &2 A . o a o
dygusuniu (k) Adnnanilegiu £ dem k+i wazuuusnesnendiamans

t 4
YINTTUIUMS AU 1A N

y(k+i)=f(ﬁ,17,¢7) (2.19)
Taef B dusuudaomuadiamaasvenssuiunms
7 il gevesdynuniugu

wagageglugy  u(k) u(k+1)....u(k+i)

¢ (k) dudygrusumuniemssuniulunszuaums (Noise or disturbance)

wag ¢ =(¢(k) g(k+1)........ ¢(k+i))
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7 duNdduimingay

y(k+i) i svesdyanuerdyalueraaiine k+i

v
Tuasmsves GPC Tudmualinszurunstuuuiassnatacmaasitiuuuy wes 1o By

©©n% (ARIMAX Model ) ¥50%19915 10100® (CARIMA Model ) Haiiaunisiilugatl

A(q")y(k)=q"’B(q'l)u(k—-l)+ FM (2.20)

Taoh u(k-1) Wu dyyrudunavesnszuaums
@ o
y(k) v dygroednavesnszuaums
e(k) i dygusuniu (Noise)
d W Aanlsgievesnszuaums
A hu fadutiumswilamasianeanm laelia =1-¢
_ o o ~ a & e
AB,C  fluTndalufisn  lugidvesirduiiumsyiiabneu lndunds

y 9
(backward shift operator) Y1919 0g 1131/

A (q'l) =l+aq +a,g? +....+ an_"A
B(q’1 ) =by+bq” +b,q 7 +....+b g™
nC

C(q")= 1+aq '+, g2+t Cpq

A { o A A o
F9910auN15N (220) Ewsasinsadeaumsmanisel edszuudvesdygn

w1ana y(k) Mo (k+i) 18TaemsldauntslaTemuiin (Diophantine Equation) fafl

c(a)=E ()M a5 () a2

e

v H y
Tavi  E,F, @ IndTudlsanfidnuaziame smualavaums laTomuiiu silee

i

aglugl

C(q"): l+qq " +e, g2 +.....+c,q”
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1

E, (q") =1+e,q”" +e,q " +....+e_q

F(q7)= fo+ fud™ + [0+t frug™
Woguanmsii (2200 #16 EAg' 92184
EA4(g")y(k+i)=EABu(k+i-1-d)+EC(q7")e(k +i)
nnaumsi 2. 21) w18

(C(q")—q"F ; (q‘l))y(k+i) = E,.ABu(k+i—-1—d)+E,.C(q'l)e(k+i)
C(q7")y(k+i)= EABu(k+i-1-d)+EC(q™ )e(k+i)+F,(q7) y(k)

iesnnist ldansonamsaimves e(k+i) ffuez 18
c(q—‘) P(k+i)=EABu(k +i—1—d)+F,.(q-‘) y(k) (2.22)

v A Y '3 v o
HUAB mﬁ)z"lﬂﬁumsmﬂmsmxﬂumu

y(k+i)=WB—wu(k_1+i)+% y(k)—q“"B(q_l)u(k—l) (2.23)

A(g”) 4(q”)

MNAUMST (2.23) *nzrﬁuti*uu‘fmﬂi'fiwawﬂﬁmigm u(k+i-1) SnnIadie
Uszmnmswosdyann y(k) fnalusuiag (k+i)18 uﬁﬂmmﬁsﬁﬂﬁu’lumsmﬂmmf
Fyane y(k+i) AeanwAanainveamsnianisel (emor prediction) FAAINAIIY
anandeuvesLLYSmesndamanivenszuumsuazdygasuaiy 151 lananse
an@usilymund il 18 ualuFsmsves Gre Tusmwsnliussfuveamansznuiifne
mnmmﬂmmﬂﬁ'awmnizmumma:f‘f"tytymsnmu Tasmsi/aoun/asirsn (root)

= - A b dv H 1
Y99 Ind lulen C (q ‘) gaamnsouans 1dasil mnaumsi (2.20) mansaonld

-d
y(k)=1 AB u(k——l)+%e(k) (2.24)
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Tavi D=AA(g")

a 4 @ o a a A [ A a
lunisiganifiszveazdduiiunmssiiafiounsende’ld ineanvazainluniseduie
° a =) A I A a 4 ° A ' r 0
fmualiIndludoa 4,8,C way D fulwdTudisansidnuld deluassiuaives

] b4 »
Twa Tudisassaluaums (2.24) aaniunnaunsmansel aumsn (2.23) 92184

A
-d

(k) = ueri=1) e 5] y(0)-5(0)| (25
A C

o C(q)=E(q")A4(q")+a"F(a”)

0 P Ul B
Aq™)

>

A A A
B BDE, _ BE
TE-TE oYY 3%
A AC AC
A A A A
BF, ,|B BDE,
Ara 9| A" "ha
AC A AC
NAANMIT (2.25) 157192 185
.
y(k+i) =228y (krima-1)+Zy (1) (2.26)
AC C

A A - d‘ ] v
FIVINTAUNIIN (2.24) 151 UITDVIUTUNITN (2.26) nad'ldn

A A
-d -d
y(k+i)=ylh+i)+ 25 LB 7B i 1)-PEC o hsi)
Cl a4 4 G

A
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fmuald e(k+i) dumrananvesmsnianisel Fafmualag
e(k+i)=y(k+i)-p(k+i)

A A
DE/||¢“B q¢“B
A A

G A

e(k+i)= u(k+i—1)+%e(k+i) (2.27)

INAUNIIT (2.27) iUT HANTENVYBIANARIAAABUYBIUUL 1IN
adlamaasveInszUIUMIHaFygIusUNUiTHadensmanisel aunsad§uldlaons
wasuulnsmsnvesInd Tuiden C(q7) uBNNINTINIRRINIgULLY GPC Amualid
D=AA(q™) Soildnsdifdygrasumudumuuduiule lunldiRamsmansal
Ramanauluanizaein (steady state) Tiueh 1A INIVAUULY GPC dnsnuTAnaves

3 o y
dyanusunuuuuiuiiule 14

2.5.2.2 mammuanednilaniu
Tagia ludalunisesnuuudaniuguisu PID n3ean10quuLu1e Tna (pole
o ¥ A ° ' a s A o ' A gy s+ v a
placement) 111 ABIUMIMMUAAIWINTRDT MTDA MUV WA (pole) 1B TH 1A Avjaifiu
(R J ” . (I ¥ X % &, 3
(overshoot ) ANYIUIAIVU( rise time ) AI1FINIANGIN ( settling time ) LA BATINITUNI
o o & ° ' a o ' o’: o
(damping ratio ) i llmmdeimua Femssmuammniimesdenainiuilden mae
v @ o 1 J a d o 3 o G’I’ [ i ' a 0 o
anuduRussznInamtmestuswesdei muaiulisnuas i lidludadustaun /i
Y ° o o ad a o g a e
Timsmdmeuildonn uenniniilunsdifnszurumsiianududounin msdnsizim
° 4 4 ' A e o g ¥a 0 o & 4
mepududandiuly g wedumsudilamiltehfinamsfmuanedniladduiu e
£ A A o [ 2 o Lo Yy a
ThunTeddolumsifugudnyuzvesmsaiugu Fdrmuquuuumanissiasaniig 1d
hufavesmstmuasednilsdruin lFlumsesnuuudnrugudlouiu ugausn
' A a an Q’ll o = @ LR E) o a
ABUNILTMIAUDITNITVDI GPC HudmIuguineIdemsmanissiarnthlumsiaun
1 v £
{%’nﬁuﬁ'ﬂﬂ "lé’furié'f'm'qummummuﬂiﬂmuéhqﬂ ( Minimum Variance) N385 o131
A 4 . v ¢ J {o o v
MV fiirue Iag Astrom Feasudiniuguuuy MV i ldnateufluiugiuindfgvesda
t4
AUV UUTUABA (Self Turning Regulator) TUMENGS Aanruguuuy MV Hadnlae
e o o ‘=‘ o Q'I ' { é
nanmsvesnsaamdygiualuge u(k) i ldnedniladdu J Janleoiiqe ¥

3 ’ b4
aodmilandunIofentugailseaed Tydunudludsil
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T, k)= E{k +L)-r(k +1)F } (2.28)

Taoh J Husnedniladsuiosiiqgandesnam
o d
(k)  dudygraedyavesnszuiums
r(k) Lﬂuﬁiytmmﬁwﬁe (reference signal)

E  dusmends (Expectation )

AInuANIUY MV siimsmdgguntuge «(k) inat & Adldaedniledduiinnios
2 < & 0 o ' v & v
ngauazinm (k +1) ssezihnmssnamdygruniuguinddiondnmsil luynaieves
[} 1 & 9 Md’d 9 o P
msqudgygn Jgmednnilswesmsmugualsisine aunselFldtunszurumsndiu
v 9 3 L4
nsdlad1ga (Minimum phase ) iy lunsdiveuna’lid1ga( Non- minimum phase ) 14
[ a ' o’: d’ & o ¥V = o
dyguaruguezivuialnguin Meiliwei 1iaauulsisau (Variance) vosdayao
4 1 £ o | oy . )
wranalilianiesiiga  deezihligmsgadoveuaiosniwniolu(intemnal stability )14
é 3 o A o e @
uuanenilslumsudilgminldgminauemedFullge Iddnuquuun Mv awseldiy
nszurumsiilunsdiveaalidiga 14 AomsySudisnedniledduldiinigsauen

Fyanunugquidludae gUiuuvesnednitedduiiysugelniduded
J(u,k):E{ [k +1)= r(e + 1)F +Au2(k)} (229)

Taei (k)  dudyapauerdyauenszuaums
r(k) Lﬂuﬁtyiywmé'nﬁq (reference signal)
u(k)  Wudygrumuguiinm b viedyanuduyaveinszuiums
E iHus1manda (Expectation )
o Y S Aa Sl el
i flu dygransugumeiuedyaiiimsgaaimin

(Control weighting factor or Control output weighting )

~ s ﬂ' o 'ﬂ”l o d'd O' Q"
wiFsndmURuNT vl Intn  @euquuuuifinnuudsidsiudrganaly
i : o 4 " Y
(Generalized Minimum Variance ) #30/38n80191 GMV  #amaveen1sdlualqeiiiv
ﬁ; Ll * o ' o
srdesnmnisluvesszuuavunn uadlszauiymludiuvesmsdimuan dyarm

¥ (4 Aa 4 ny o P : ° aa
AUANNNATUDIANANTNITOINMUN A Amuzaniiuildorn wazlunsdin
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b4
nszumsiluriiagud(Type 0) U nsmugudIdInIgULLD GMV i IFiRam
~ e J A A ’ ” o
Anwana ludn122AIA7 (steady state error) ¥ Faoilumsud lvilymludaudl vldling
Psmlgegtluuvvesnedniledsulna Taminerdiunlasunilag (incremental) vosdayay o

awa (Au(k)) dhlisaw BlunednilsdFumnmuiiaziiiudyguniugu Faihlddnedn

ofsuhugoil
T, k)= E{ylk +1)-r(k + DF + 1u? (k)} (230)
Tawil Au(k)  Sudnnliounlamenamvesdya uniugy

uazlian  Au(k)= ulk)-u(k-1)

& ° Y o a 1 a 4 @
gamsiiuer Au(k) s Blunednilendu mldlgmvesmsifadianaananigasdalu

=

» ' 4 9 W ]
ns@innszuaumsidu stagud Tunua 1y Medlmsizhiaousegidyau #(k)

' { o ' { 24 { v A o A
Anehl dyga u(k) Mesdisneiidae Fannaumsi 2.30)sziuh Wodygin u(k) asi

° 9 A v g U v daA vt v @ o o

g ld 24 lifinadeasdnilendu tunfess lilinadedygrueidyavesdaniugu

" @ 3 [~} ° o ' o
nszuIUMsAIBTUiU 0619 lshmwmsiiuer Au(k) 5o luaedniladdu Aluviildms

° v 3 J dy v S a 3 - ] [
fmuaal A dedunazuenaniliiives 1 nislinasoidtosninvesszuumosuiu Tae
9 T uduseziden 4 Wiiaudniigaivi ldanuusisuvesdygraedyaiianion

1 H A Al - 4 [
N lashszuudadenaatios nellwsizhidulse@ns 2 dugnusspdwuietesiu
Tilidyanauniugy u(k) imsnfeuwlasigaiulyl

pg IsAmwdnauguuuy GMV d3liamnsal¥funszuaunsi luiafos unstable)
w3 nszuaumsiiiunsdima lidrge vialszian18uas Tasmmizaszuaumsie lide
Y9I NYN1UILN (delay time) Nuiuou Aou1 1dNMIUTUYIAMIVYUULY GMV NUAY

- A o L3 A Q'l L Y
91nAu Ta DW Clarke #0111 1g@anauguuun GPe daliguuvvesaednilendniiudail

J(u,k)= g:[y(kﬂ)—r(kﬂ)]z+lizl[Au(k+i):|2 (231)

T N, dudniesiigavesnisnansel (Minimum Costing Horizon)
' = o 4 ; s
N, i MFINYAVDINITAIANIIYU (Maximum Costing Horizon)
N, W szoz N13AUAN (Control Horizon)
v 14
A flu dyapanrugumesdueananiimssianimin

(Control weighting factor or Control output weighting )
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Au(k) Lfludaucﬂ?;aumlaw?awaeinmmﬁ”mtg1iumnf>]n
uazlian  Aulk)=u(k)-u(k-1)
k)  dudygruednavesnzuaums

r(k) Lﬂuﬁmm'lﬂlg‘nsﬂ (reference signal

» 14
wiitu 1891 aedniledduvesdinruquuun GPC Wuilanuuand9ndanIugy
0 o o A ° v (4 ey 4
wuy MV eg1amu ldda luGesvesmsimuaisvesmsniamsal (Predicting Horizon)
b4
uenntludsmives GPC misfimuagsvesmsdnludiuvesdygiuweiana
(N,,N,) uazdganuniugy (N, ) Hudaszdeiu shlddnruguuuy GPC imsifinesn

9 ° ] J o & o '8 & o 3 a It o d”
ABINTMUADY 4 mﬁ"mﬂu %mamﬂmcnTﬂﬂﬂﬂﬂhﬂﬁn‘muﬂmwﬁmmmumu

1mmnndimes N,
= o v A o o’: @ o Y v @ a
wis1lwes N, uusiSuduvesmssnnaniudndmualdimidunalseves
A { o o 4 = £ i o o
nszuaumsine fee Idihravesdyanauedyaiiianndygnunuguitaeandosfuui
MIAUIN
2 mwinfimes N,

a o a Sl ' ] a 'Y a & 9 an
WITWLIABDT N2 L‘ﬂuWﬁ'mLﬂi)imJNﬁﬂﬂﬂ’]’lmi’ﬂuﬂ‘liﬁﬂmll’diyty”lmg’lﬂﬂd PIDTUAT

YovqszunezAnmudggudussldidnihnsdfimnidasung uadh v, fandes aau
aanuvesszuvezesnhingdin N, fidwnne
3. mwiniines N,
wisiined N, Tnova e Wil 1 uazan’ld (4] 1M auuziiihewes N,
T1in251AUNIIBUAD (order) ¥DINTLUIUMS
4. mwiniines 1
wisties 4 sinadevinavesdyguaiugy s 4 ntus i lfvug
YOI Y QY IUAIVANANDY udvzi sz uuiinnuaamunndy Mussdsafumsanm 49
Ml ldwaluneassiudw
BNMIVBIRINIVAVLUY GPC ﬁ’umminﬁﬂﬂ“l‘i’fmuaunszmumsﬁﬁmm‘nu’qq
Qe MienszIumsiinnumiaed 18 uanfmnf':é’e“l%"lﬁ%ﬂszmunﬁﬁLi’luﬂiﬁmﬂ"lﬂémﬂ
w30 uuvaeseuidlalue®es (Open loop unstable ) i 14 uazda 14 ldfunsguaumsitaaan
UszAeliminen188ndas Fsnnanududadend 1niehlddnuguuuy oee 185unnu

_ 1
uUiJEJU'Nﬂ’S'"NﬂJ'J'N
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2.5.2.3 HANMIAIUNTYYIUAILAN
[ ° o s o 1
nanmslumss umdy g IuMUgUIBIAINILYUUUVAIANTHIE NI
A o o Ao g9 Y A Y A v A
GPC Ao Aumgavesdgygrumuguini Idaednilaiduiianiosnga uaidenieuane
k4
awsnvesgadyyruarugy lildudviimsdnalniluynaivesmsdu vnaedn
Q'l 1 1 e o o é \ o
Hedduszmuinndedldmvesdynraeidnalusuinauiinmsdiuim Fmvesdyga
14 ()
w1ana Tuewiaatusiawisaldsinaunisaianisel udiliossinguuuvesaunis
] v 14
amamsel luaumsi (2.23) wuliazaindemsfnmadgygiuniugy daiustei

msﬂ%’uﬂia‘lnﬁﬁqf‘: weanuazainlumsesuetiwenzd lenusime rianeomdsls
PInauMsi (2.22) wansadoyldh
y(k+i)=(F,/C)y(k)+(EB/C)Au(k+i-1)
m%x‘lé’fﬁums‘lnimﬂuﬁu%ﬂﬂ%wﬁaﬁ‘;auanuazfiﬂuamﬂﬁﬁ'uﬁwﬁnmﬂ%iyﬁu it
EB=GC+q7T,
Ffuisez 184
Wk +i)=GAulk +i-1-d)+5(k+i/ k) (2.32)
Taofi Yk +i)= (T, 1C)Aulk)+ (F, 1 C)y(k)

4 2 ; s
gennaodnilenduluaunisy (2.31) Admuald

)= S [k + i) rlk+)F + ANZ:[Au(k 9

i=N, i=

o e’l‘ Y] =3 ' ° ° ' @ v
auiunnaedniladdusziiuiusidesimssiiuiusivesdyanumeianaaam
Y

b4 1 b4
nanua N, - N, a59 dudesee ldgavesdygrumidanadwdnat (k+N,) sudana

b4 v 9
(k + N, ) sasiusienansaiueraumsh (2.32) wiims@oulugivesnd 1t



Y=Gu+f
Taoii Y =[pk+N, )3k +N, +1)..., 3k + N,)f
= Au(k),Au(k+1),...,0u(k+N, -1)]
f=k+N)5(k+N, +1),.,5(k+ N,

ag

&o 0 . - 0

& &o 0 . 0

gn,-1 8n,-2 &o

| 8-t EN,-2 gN,-N,‘j

o

v » ’ v
AariuMNauNI (2.31) siansasunoanienyu 1 niaedl
J=-rY(p-r)+2a"u
uaza1 # M liaednilsdduiianiosiigade

#=(G"G+u)'G"(r- f)

42

d‘ A o o r
aumsh (2.33) Wungmsniugu (control law)  #991i1 11l umsdwand1ves

@ a @ A -1 ' 4 vy
Fygramuquisfloulitunszuiums Taviidwes (G7G + A7) G aiflusnsil uddn

s v ] 3 *
vosoenilszneumolu ruoz £ szifludlminnasivesmsdu
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aa ag & Jd ¥ A
a7t msaiuquuuy Gee  uituilsvesmsnruguuuuaiamssiaeniii
o £ A4 a9 Y o <9 9 Yo Aa a A a
Wannyuwe ansaadamuquin g latunseuiumsiszinniniinalse Jsemsed
] ° 9/ & Q‘I’ @ o @ a’l’ o A s
anuminsduiudu Fsduaenlunsdunsigidnugquuuy Gee Wulmilouduns
% J v 7 2 Y A A ) 7 4 Y
Funs12vaInuguuUUMaNIsiadeniszandu Ao adeaunismamsaialani
o’: ° o g P o ° o &L o
nntwhmsfmuagumsaednileisu udahmsdamdygiuniugu Fednrugy
o1 Y :: '3 4 A R
suumamsalaNmiuaazuuuijluuuvesaumsmamsnitasaodnanyuna1aiY 39
i Iddnuguinliguanvuziuand i 18diwerdamugu ope luldmugunszinums
A1999879110118 81T 111181 GPC 11A1AN heat-exchanger 11Tl f.#1.1990 nazaIug
3 v o = & o’: < g aa ' o o
boiler-turbine unit 111l 7.7.1991 FensapenstidruTunszurumsiiinnumiaegs dmsy
a da S ~ o g ;
n3flveenszuaumsniianumizsdniu 14finsiuer Gee luaaunu lightly damped pilot
= ay ¥ EC S o 3
plant 111l 7.7.1994 wan13naneen lauaasMifiud1 GPC @150A20ANNTLLIUMIAINGT
' ¥
IRiflueded uazdlinaunanu(robust) Aemsnldounlasvesnszuaums dromgiivein 1y
4 4
GPC SununfiunumlumsnaugunsguIUMINNGATIMATINNNTY
a o o & a { [ a
UUIARIENMIVBIAINILANILL GPC uazh Idnateuuduniladsnldsuanuiion
9619NINYBIITNITAIVAULUUATNITAIANIAIA0LUVE1899 ( Model Predictive Control
b4
L4 é o L M o
MpPC)) isludumenugadmnssuuazmsAnudslduanudiSwdugalumsduady
Ysulgslumsdszgnaldlunareqdivesmenuy gaamnisy uaasliifiuteaussousi
o Q'l ' ‘& L - y o
AuazszAuAMUTUANENYBIRNUAIMU luMIAIUAY Fedanes Tuuuyil anserihly
o A 'y @ A
udilgmidunisauguiinainnarouandieiu Wurenielnavesnszuumanie lssam
v 9
QATINAIIN  UUIAANUTIMYBIAIAIUANULY GPC Wuldmsfnudwuvesdya
4 a4 do g9 4 ) v Ao a9 oA & 4 4
auguninavuluewiaae  iildmaednilendulugrsndmuaiinniosigadedaem
v
fmuainilugisvesnamamsalmthluewas
L le - L é 4 o o o L
asiusudadiuunfaniislumsfzalsegndldfimuguuuudsud 1dfuszuy
aa o ' a g = as @ I
nszuIuMsnil gudnvuzvesszuy hidhudadunasntoumlasamna Fmsdenangd
sA A o sq ¥ ¢ @ °
anumzaunae msidenldd@rntuguuuuildmsmamsalialy ( Gpo)  whims
o A L o r o e o
aaulas e ldmuisoldmvguiunszuaumsdnann’ld  wazeuisodSudaldansy
= a = ¥ ¥
anmzienniimslasunlasldnnuuzeesnszuaumsuazanumuizan Alumewa
[ ' Aa v F4 o gy v a 4
AInaNIEUUMUgNNAIEABIa U aewwesszuy  uazldtmsdsznasmniines
vouuvumewnuliud ldnimnzay uazdeandestuguanyuzyvesszuuignagy

wlszgndldiunszuaumsaenan ldeddiss@nEnm dodmiauguiun Gee
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U = d
2.6 ﬂ'l'n.lf:ﬂ'lﬁlﬂ'l“'ﬁ“llﬂﬁﬁ
' a I'd a v A ¢
Jyminsdszanuamisitimeife matnanisienmimlszanm 0 vee nAWDS
a oo & @ Y] A o YN Vet 2 Y a & A v
wis1ines 0 suaunsmiludumudeyansmuali1dangaissdesfanauiosnnugndes
a P v = Y a v 1 a 0 ' ' gy Y1 a
nmnzaunganmilszamves 0 Indifvnuainss 0° mlaumisinhiesldaAanain
v ¥
Taoaseszrig 010 0° waadlutiswmRanarams l9aums iz lueransiuar 0° 135194
a " a o d' o o L4
ApativumAsnma ludnyuznansosu ldnndya oo anaveInszuIums y(k)
% @ a ci v ' 4 I'd
uaz dyaunIugunIedyIudunaveInszuIums u(k) Nawsaiannleuluins

dadudmsuszuunuunm hiseiios dnezeglugy
N
J(0)=Y f(e(k.8)) (2.34)
k=1

e e(k) Wumdygraranansuersisznoudae

a kY

1. MAaNmAnINauMsAe Mnadumsjduuaaiandousinmingnassdmsy
1 & 4'! Yo 9 :; a A
0 Amiladiel¥iudeyaiiiluaTeamile
' a o " a ' [ (4
2. MAANDIANMIUDIAWAVDINITTVIUNMIADAINANDIATZUINTYYINDIANA
a o @ d a
139 y(k) vesnszuumsiudyanaueiana y (k) v0931uuud1a84 (Reference Model )

[ =3 o
aawumwuaenuaaluzili 2.4)

wazlaon 0 Wunameswisiimes

1 o a o
0 Wuaszinavewnamesmaiines (Denoted the parameter vector)

L4 a L a
0° L'i‘lunﬂmﬂswmumaim%sa

nay 0=[a, o,..a, p ,Bz---ﬁn]T

{ a L 4 ’ ] U
Tao# o, B, Wumsiimesmni uahinsm

o a ' o @ a v a
endu (1) Tavdndidenldeglugiideaes(Quadraticyitnisszumamisiiimes
q’: = as ' d'dy = ast o o 9 = "
Huimawds  ualunisesAnyunwiz35Maiaeaiesngn ( least squares method ) 9819
' @ ° a St !
Pwldrugpluusasmendiamiaasiilunuy ARMAX W30 CARMA muaunsi (2.16)

wazldnismvguuuuanuulsdsiudiga Mv
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2.6.1 naNN3VEITMIBNMIAITR NI

a v @ ¢ ' a (Y o 4
13 “]3!5llmﬂﬂ'ﬂllﬁllwuﬁ531’1'J"l\?ﬁ'lﬂﬂﬂ?!ﬁﬂﬂﬁWNlﬂ'lﬂT!ﬂﬂ]ﬂ@ixu1]ﬂ1ngﬂl!llllﬁﬁﬂ15ﬁ

'
@ A

(2.35) A3unD

y(k)=@(k)0+e(k) (2.35)

Taoi y(k) i dyapaseranavenszuiums
e(k) 1y dygasunIuvII (White Noise )
@(k) dunmmesmsdunadeyavesszunningu

d a 4
0 l{'u LIABDINITNULIADI

Tavda linosandyaiusuniu nanie

y(k)=p(k)8 (2.36)
@(k) =[—y(k—1)...—y(k—n) u(k—l)...u(k—n):l (2.37)
0=[q,...a, ...8] (2.38)

[

ad a 9 Y @ t:i’
lﬁ']nt‘]f'ﬂ“mﬂu‘l{ﬂ‘llﬂgﬁﬁl@@ﬂ"lﬂ%ﬂﬁﬂqu

{ u(O),u(]),...,u(N),y(O),y(l),...,y(N)} i N>n

9 ° g a d o a o P [ 1l
ARIMIAIUMAeINNImes o, A, lunameimsiimes 0 vz USuld
Joyandunaldaige uazld e(k,0) WumRanamsnaumsmilouawiinanuudalu

£

Wt (1) Y99 2.6
e(k.0)=y(k)-@(k)0

A é’ te 9 = o @ " a ' Ao b4
iieanin y(k) Yuegiudeyaluedmiludivulyl » aw smdanmaswsnisiuonld

fio ¢(n,0) midalvessnmluewnafio e(n+1,0),...,e(N,0) nie
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¢(n,0)=y(n)-¢(n)8
e(n+1,0) =.y(n+1)—(p(n+l)9

e(N,8)=y(N)-p(N)0

= o a CA'E A
Aouluzinmees- wasng 14N

e(N,8)=y(N)-y (N)® (2.39)

iife ¢(N,0)=[e(n,8) e(n+10)... e(N.0)]" (2.40)
v(N)=[@(n) @(r+1) .0(N)]' 241

y(V)=[y(n) y(n+1) ..y(V)]' 2.42)

volddunan e Wunawes (N-n+1)x1 ,dmy Wunames (N-n+1)x1

a Jd L4

w Wawaind (N-n+1)x2n uaz 0 ilunmees 2nx1
@ ad o W v a:' w0y v = a " o by do a
nannsvesditmasaesiosiigaiod sxdeadenmsiiiines lavi Idinasidadu

aoluiieuiign
N
J(0)=> ¢’ (k,0)=c"(N,0) ¢(N,0) (2.43)
k=n

uaz J(0) annsomsuvooas 11141

7(8)=[y(N)-w (N)0] [y(N)-w(N)8]
—y"(N)y(N)-0"y T (N)y(N)-y" (V)y (N)8+8Ty T (N)y (N)0

wmsmmeyiusinevzmaniosiga

=W (MY (V)= (N)y (N)+ 29" (N)y (V)8

91:0 dmiy 0=0

00
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daiy yT(N)y (N)8=y" (N)y(N) (2.44)

~

HadWEveIauMSh (2.44) fie Alszmamdsaeaiosinga 0 uatiteuludnaums
=1 @ L 2 9 a Y a 51 d‘d 9
zlinadniaeiomedmdunaveanszuiums u(k) 1 Judygraudunaununinenszqu
’ a o '
BYANBAIINT (persistently exciting) W131wes B uaz B, aglugiwasiuves B + B, 1due
Tigwisouoneen’ld  asiwlafdmsunaiininei »  uaasndyrudunaman o i
b4 @ s’o’: @ a 2 v s
anNsanszAUIZUUNAIAYeINTTUIUMS Idvanua  dyanuduna u(k) Tedeslians
d‘ = n:' " o Y a dd'd ' [ =Y 9 1 J o’:
wavwieane Nez linh vinansainiuamssmiuFaduvosduilsznevves 0 winiuly

A v J d a 4 '

aumsmAanan 399z ldwadnivewmmoimslnes O nndiulszney MINNsTUIUMS
' v : .
n9du Buna  Alswlsildswioaneisuiiisoni dygiudunanuuninisnszduey
ADOA
b o A A = o a Jd Y a

minlassadegduuiiassvesszuuiideniigaiiuiumsiimesvesiiganas
@ a { A ) a d ]
dygradunau (k) duwviinsnszduegaasanaudiuasng |y’ (N)y/(N):I vz la

ilueng 1 (Non-Singular) nazez ldwadnimlszine vinaumsi 2.38) iu
A -1
0=[y" (N)y(N)] w"(N)y(N) (2.45)

2.6.2 nanmMIveIsnMenmdrenieaiigadeundy

»
o @

auauiand iy voeTsoniidsaeaiosNganuudounal(Recursive Least Square

v v f 4
Algorithm)i Aons 19deyaniiegludygruduna awanmiligiu doulitdoyaluedn

¥ Y

4 o ' o W = o a o 4
Weimuamlszinanvuiidsagesissngavoainaesnisiiimes vesszuuniugulnn

o U J ' o o U P
na (k-1) wamnsamuama dsznum Inivesnnmessenan 1dhnnm & iile

o a

4 ¥ b4 »
dyaudunagaluninds Juasudtananil Gondn TueeuItmsonmasaesioonga

A3

[

dounad
° s a S A Y ad o o 1] a
MsAIIAMINANBIMIImes 0 Awitidsaesiooiigamuanms (2.43) 1l
o [ ' A 9 ' [ 9 a 4
MsAINANYAEAGU(batch) tosnnldnguieyaiiluga sulsenoudiomaing y uaz
I'd a ] a ¥ e A 9 4 a @l R 2
LIANDT Y MUTUNITN (2.39) DITUNITN 2.42) aatiwiie ldnnmeswisiimes 0 Amila
° ' s ' =1 Q’: ' [ " @
udmesuma 0 aeliAdesdsdulnidrodoyaganelen  virduidlumnidonan
o U 4 o aa o - o ]
aurnlaolarsz Tow Jasudludesnidsnmismuanainseldnasiuiuadszuin
v 9 : 9 U v Q’ = q’: n,: | °y
nnmsiadeya N ase mnldmianlsznannmsiamudnnsuilu N +1a53 uddoud

mdudiduse 11
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e A o el d' é L Qy’ o Qy’
W 0(N) iluanlszinamdieaiosiigaisldnnmsia N ass dniunn aums

17; (2.45)

6(%) =™ (M (W] ¥ (V)y(v)

= =Y ' Al ¥ L Q' é Q’l’ Q’
Taoaunaduuning [y (N)y (V)] hidhuengmndr N ieTaiudaniianss fi

- 4 o o A a & aa d 9 4 9
umuﬂuaﬂwumnﬂummﬂm "4 ﬂ‘Ul‘WiJ@ﬂ'ﬂu@ﬂﬂlﬂuﬂl‘lﬂiul'ﬁﬂm@i Y llﬁ%l‘ﬂ%%vlﬂ

W(NH):[Z((?H)} ; y(N+1)=[y’;§vN31)]

v ~ y P=1 '
NNUAYsTEIIU 0(N+1) AAINMSIATINIY N +1 a53 ansoou lan

é(N+1)=[t//T(N+1)v/(N+1)T!//T(N)y(N+1) (2.46)
O(N+1)=[y" (N)y (N)+@" (N +1)@(N +1)]”
: [WT(N)y(N)+(0T(N+])y(N+1):|

[

o L4 - 1
1% ganvel P uaing 2nx2n eunnuaunisn (2.47)

P- (y/TR"y/)_] (2.47)
P(N+1)=[y" (N+1)y (N+1)]" (2.48)

N a5 (2.46) 15792 14
P(N+1)=[P"(N)+@T(N+1)@(N+1)] (2.49)

a 4 % .
19 waSnRnAULaLNT ( Matrix inverse lemma )

(A+BDC)" =A™ ~A"B[C"+DA'B] DA (2.50)
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v
TaosmsasauuaguliwaSndanduiui @ (k) daniluvuinmiveunaznily

a ' @ 3 o a o Y @ v o d =
AN lieng . Aniusansodszgna lfwasndnniunaunduanuduiusuunon
:l o LY » =1 o @ do dy
41 Taosmualvanlsaegiinnuduiusaaae 1

Taomuald A=P(k)’
B=@" (k+1)
C=l

D=(k+1)
(A+BDC)" =P(k+1)

fmuald N=k,

ynsunum OV +1) =0k +1) ,@(N+1)=@ (k+1) uaz ,P(N+1)=P(k+1)

o o
y(k) Wludyanueayaveinszuiums

o w o Ay d 2
e(k) Li‘lumuaua1ﬂnmaeﬁmiy1ms'umwun numaulsismlaquuumdidou
o o 1 '5 @ =~ n:; 1 L
mmamﬁ"lmmnunmua:nmmaummuqu
0(k) 1y namesveamiines
54 @
(k) i NARBIYBYVRIMITUNAITUVAIUANTUNTZUIUNS
laoh @ (k)= [—y(k —1)..—y(k—n) u(k-1)..u(k-n) ]
K(k) il namessasvmnomsennmesdsund (Gain vector or Correcting vector )
P(k) v waind laaisoun

a o Y] r'd
| W waSnsenanyal

° v a o a J LY @ -
mmsunumaudsveauasng A, B,Cuaz D asluaumsuasnasuniuuani a3aunisn
(2.50) vz 1d1d

P(k+1)=P(k)-P(k)Q" (k+1)[1+@(k+ )P (k)@ (k+1)] @(k+1)P(k) (51)

o lunuamndvasluaunsn (2.46) udnsrezlédn

6(k+1)=P(k)=P(£)Q" (k+1)[ 1+ @(k +)P(R)Q" (k+1)] @ (k-+1)P (k)]
[y (k) y(k)+@" (k+1)y(k+1)]
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O(k+1)=P(k)y " (k) y(k)+ P(K)P" (k+1)y (k+1)-P(K)@OT (k+1)
[1+@(k+1)P(K)@T (k+1)] @ (k +1)P(k)y (k) y (k)
P(K)@" (k+1)[1+@(k+1)P(k)@" (k+1) ] @(k +1)P(k)
QT (k+1)y(k+1)

Lﬁame(k)z[y/T(k)y/(k)T dufuumum® Tuaunisi 245) uazlumoudiaes

s [1+ @ (k+1)P (k) @™ (k + I)]_l [1+@(k+1)P(k)@" (k+1) | s 11

=0(k)+P(k)Q" (k+1)[1+ @ (k+1)P(k) @ (k+1)]"
[1+@(k+1)P (k)" (k+1)] y(k-+1)
P (k)" (k+1)[1+@(k+1)P(K)@" (k+1)] @(k+1)8(k)
P (k)" (k+1)[1+@(k+1)P(K) " (k+1)] @(k+1)P(k)
Q" (k+1) y(k+1) (2.52)

iosnn K(k)=P(k)p" (k+1)[1 +@(k+1)P(k) Q" (k +1)T

wdnhar K(k) Tunumasluaunsi 2.52) 12143
8(k+1)=0(k)+K()[1+@(k+1)P(k) Q" (k+1) |y (k+1)-Kk)@(k +1)0(k)

~-K(k)P(k+1)P(k) Q" (k+1)y(k+1)

=0(k)+K(k)y(k+1)+K(Kk)y(k+1)@(k+1)P (k)" (k +1)
“KK)@(k+1)0(k)-KE)Q(k+1)P(k) QT (k+1) y(k+1)

=é(k)+K(k)[y(k+1)+ y(k+1)@(k+1)P(k) QT (k+1)-@(k+1)8(k)
~@(k+1)P(k) QT (k+1)y(k+1)]

=0(k)+ K (k)| y(k+1)(1+@(k+1)P (k)T (k+1)

- (k+1)P(k) Q" (k+1))-@(k-+1)6 (k)
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ﬁ"ﬁfumﬂi’:m‘“mu“lugﬂﬁanﬁ%’nmmumiﬁ(z.ﬁ) 181
0(k+1)=0(k)+ K (k)| y(k+1)-@(k+1)0(k) | (2.53)
K(k)=P(k)(pT(k+1)[1+¢(k+1)P(k)(DT(k+1)T (2.54)
N qumsh (2.51) 15192180
P(k+1)=[I-K(k)@(k+1)|P(k) ; (2.55)

~ a A aa o w 9 ~ 9 o <
MNAUMIN (2.53), (2.54) uazaumsi (2.55) AvIsmsuniiasaeaiosngadoundy (Recursive
< ' o @ a a o ] T T 2
least squares algorithm ) sgiHUNAMSUTTUVBUNAIR AL IANAREY TiideslimsniBudsn

VOUUATNY

o doulvidudu
dmsvoanestulu mwnﬁﬁaﬁmﬁauﬁqﬂ%uﬂﬁu MNAUMIA .53z (2.59)
i51desmsamsudu 0(k) uag P(k) Faanunsam 18laosausaudoyauyganils $1uau
N >2n udwdaumsdaaasaoudug m (V) P(N) udlaoialihisenszizunn
N =0 18 TaosmuadoulvsuduP(0) = P, o P, ilusinuniueu( positive definite)

fu amesmsiimes 0(0) uda i
P(k)=[P,' +y " (k)y (k)] (2.56)
0(k) =P (k) B;'8(0) +y" (k) » (k) (2.57)

v 7 5 J
2.6.3 nanmivesIsmivedinnasuinines

J X J : . 3o
2.6.3.1 vesinmAaminmesuuumaansiaimsrnhniinaonuyias
v v v
Fmsmmdemsenidedesiooigadoundusiiaiinisn1aimiiniiu(Exponential

y v
Weighting with constant Forgetting Factor ) IaoluiiiimiAanaiasiasasslmiminldlae

w(k)=a"" (2.58)
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’ ] »
uaema ldmiseanusiniinsaud agamwmaﬁ'wms“l%'mwﬁma 8aN03HUUDING

v
'1Js..,mmmiﬂucl‘mﬁmsmmuaunaw%ﬁaum mlassaumsae lail

O(k-+1)=0(k)+K (k)| y(k+1)-@" (k+1)8(k)] (2.59)
I
K(k)= ¢T(k+1)P(k)(o(k+1)+,1P(k)(p(kH) (2.60)
P(k+1)=[I—K(k)(DT(k+1)]P(k)% 2.61)
Tauil 0(k+1) Wy namesmsimesmimifigniszana

2 ' a S 1o '
0(k) W nawmesmsilimesaudmgniszmnmniuds

K(k) il nawesUsuud ( Correcting Vector )

»
et

y(k+1) i dyansuerdyaveanszurumsmlmiiignia
@ (k+1) 1 nanesdeyavesmsdungszuuniugulunszuiumsvessis
nana I lueuaa
P(k+1) 1ilu waindlawaisoun
I - iy weSndendnyel

o 9 Jd Aa U : Y
A L'ﬂu ﬁﬂJﬂlﬁ’]ﬂlﬂ')Uﬂu‘ﬂ’l\?ﬂ'lu!ﬂ'lﬂ?!ﬁﬂllﬂ'lﬁfl'Nu']"uﬂ

a a L4 Qy 4 o G’l’ o o
ansnavesnesinnasnineiniedllszneumsdn 1 dumwiseiliisla

’
1

o @ a o = d a o
lavase AwaunishiinisdSulgemnldimasnd IS sunsiiannfiu (nverse covariance

matrix) Aaaus T (2.61) nazaz 18
P (k+1)=2P"' (k)+@(k+1)Q" (k+1) (2.62)
Tas P Wudadauivmninduesdyanudoya J uazdmuald

J= ——E{P“} (2.63)

d'dy 2 a d a o @
Tuni o2 iiuamumsdsuvesdygnusuniunuumdiSeundades

E  dlusananda ( Expectation )
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Y '

N ¥
Tagldar 2 <1 iuwai ¥ dyaradeyavestrsnariidm luassargaiosas

» ¥ v
nioumsudsUsmsmuiy  saziivuoduunisdSuljalimsilseunmiives

"
s [ ¥

a L= 9 A .&’ =] ] n’: [ o yy ¥
WISATNANNYNABITINYN  dunsiidImTTadygradeyalniasdalui v 1d

e e
RO TITETT:

o [ Y
wazd sy A=11519z14

lim £ {P(k)} =0

lim E{K (k)} = lim E{P(k +1)@(k+1)} =0 (2.64)

¥ '
v @ o @

Aniudmsvim k nnquesyamon i luewmeaniinsguiadyaa v liifana
a wva o U o 0 =4 o o i W
Tumalgiiadua 8(k +1) uazde lufeziinai v esddsznevves P~ (k+1)dhganiu

Y] o o c;
DUUAAITUNIIN (2.62)

v '
ezt lunsdl A <1 aaiu 9naunsn (2.62) 1519214

k

P (k)=2"P7(0)+ > 2@ (i)™ (i) (2.65)

i=0

o o A a ] ‘a’ o d'
HazdIMSUNAT @ WINUBINAT NS IUBIUTUAY P(0)=cal Mmdmenusnluaumsh (2.65)

mww'l ludm 1 <1 2214

k-1

k
limY A" =lim» 1A' <o
k—w i1 k—>o =0

vnmRdyapangmdvesddsznevidiauiuuan i P (k) ghmimuitedan
. = _p-l
lim E{P~' (k)} = P~ () (2.66)

v ¥V
Tunii Srlisimsidhganilueriudee 18

lim £ {P(k)} =P () (2.67)

k—>w
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f;00),= 3, (k+j) (3.22)

a ~ e | 1Y 4 ¢ A o b
Taon 3, (k+j) Ao dyg1ae1AnAYINTZUIUNITAIANTTE Faf U 18910

° a J o 1
HUVTIA0INUAMNEAAT AITUNITN (3.17)

3.6 fethamsAannsiuneumseeniuuMIAUUMAN Sain 1

& aa o Any Pl Y a ) as
NNTUABLIAZ D MIBBNUULAIMUANAILN TAna1uud e Idinannudr lvAzevy
v
_ s L} s ' =) o é
Tnasandledane il Taodmuald N, =1,N,=15,N, =2, N,=N, =N. =3 &3
v v
NUUADUAII ATl
o [ o a ~ o a o s L=
1. anamdulszansves Inad luloaveuuuiasnsamansIuUFo01510Y
[ ar d' Y ¥ ac
WOUAVEW a,,a, UaT a, b,,b, uag b uag ¢,c, Wz ¢, Ndnnmsdszinuaismsen
o w £ a 9 Y 9 LY o ay I
Mmasaeavengadounay nisunuesinnawnnoine

° d o o d i
2. mmmmnﬂmasﬁiyiyjmmmummns:mumimﬂmsm mﬂﬁllﬂﬁ‘ﬁ (3.17)

ﬁm(kﬂ')=—Za,»f’m(k+j—i)+be,-“(k+j—i)+zc,-e(k+j—i)

i=1 i=] i=1

;j=N,,...,N,
v

v @ 9y

aariu 9214

y, =, k+1),...,y, (k+15)]



nj=1

Gk 1) ==Y a, (k+1-i)+ > bu(k+1-i)+ Y ek +1-i)
i i=1

i=1 i=1

=-a,p,(k)+a,p, (k- +a,p,(k-2)]
+[bu(k)+ bu(k —1)+byu(k —2) +[c,e(k)+c,e(k —1)+cie(k - 2)]

nj=2

§uk+2)==3 a, (k+2-0)+ bulk+2-i)+ Y ce(k+2-i)
i=l =1

=a,,(k+1)+a,3, (k) +a,y, (kD]
Hbu(k +1)+bu(k)+bu(k 1) +[ce(k +1)+c,e(k) +c,e(k —1)]

nj=3

Fuk+3)==3 a7, (k+3-0)+ 3 bulk+3-i)+ Y ce(k+3-i)
i=1 i=1

=-{ay,(k+2)+a,y,(k+D+a,y, (k)]
+[bu(k +2) + byu(k +1) + byu(k) +[c,e(k +2) +c,e(k +1) +cye(k)]

nj=4

ok +4) ==Y a, (k+4—-i)+> bu(k+4—i)+ ce(k+4-i)
i=]

i=1 i=1
=—{a,p,(k+3)+a,y,(k+2)+a,p,(k+1)]
+Hbu(k +3) + byu(k +2) + bu(k +1)]
+Hee(k +3)+c,e(k+2)+cie(k +1)]

nj=5

Fu+5)==3ad, (k+5-i)+ > bu(k+5-i)+ ce(k+5-i)
i=1

i=1 i=1

=-aJ,(k+4+a,p,(k+3)+a,(k+2)]
+Hbu(k +4)+ byu(k +3) + bu(k +2)]
+c,e(k +4)+ce(k+3) +cye(k +2)]

MusuAeINUN j=6,...,15



nj=6

Vv, (k+6)=—[ay, (k+5)+a,p, (k+4)+a,p, (k+3)]
+Hbu(k +5)+bu(k +4)+bu(k +3)]
Hece(k +5)+ce(k+4)+ce(k+3)]
nj=17

y,(k+T)=—ayp, (k+6)+a,y, (k+5)+a,y, (k+4)]
+Hbu(k +6)+b,u(k +5)+bu(k +4)]
+Hce(k +6)+c,e(k +5)+ce(k+4)]

nj=8

In(k+8)=ay,(k+7)+a,y,(k+6)+ap,(k+5)]
Hbu(k +7)+ bu(k + 6) + byu(k +5)]
+Hee(k+7)+c,e(k +6)+ce(k+5)]

nj=9

Vnk+9)=—ay, (k+8)+a,p,(k+7)+a;,(k+6)]
Hobu(k +8) + bu(k +7)+ bu(k +6)]
Hcee(k+8)+c,e(k+7)+cie(k+6)]

n j=10

Vu(k+10)=—a,p, (k+9)+a,p, (k+8)+a,y, (k +7)]
Hbu(k +9)+bu(k +8)+bu(k +7)]
Hee(k +9)+c,e(k +8)+ce(k+ 7))

n j=11

Vulk+11) =~[a,p, (k+10)+a,, (k +9)+a;,, (k +8)]
+Hbu(k +10)+ bu(k +9) + byu(k + 8)]
+Hce(k +10)+c,e(k +9) + cie(k +8)]
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=12

V,(k+12)=—[ay, (k+1)+a,p, (k+10)+a,p, (k+9)]
H[bu(k +11)+byu(k +10) + bu(k +9)]
Hee(k +11)+c,e(k +10) + c;e(k +9)]

n j=13

Vo (k+13)=—ay, (k+12)+a,p,(k+11)+a,p, (k+10)]
Hbu(k +12)+bu(k +11)+ bu(k +10)]
+Hee(k+12)+c,e(k +11)+ c,e(k +10)]

nj=14

Vo(k+14)=—ap, (k+13)+a,p, (k+12)+a,p, (k+11)]
H[b,u(k +13)+ byu(k +12) + bu(k +11)]
He,e(k +13) +ce(k +12)+cye(k +11)]

i j=15

Pk +15)={a,5, (k+14)+a,5, (k+13) + a5, (k +12)]
+[bu(k +14) + bu(k +13) + bu(k +12)]
He,e(k +14)+c,e(k +13) + ce(k +12)]

Taof [u(k),u(k +1),...,u(k +14)] = u(k —1):

Wufo NNauMIn (3.22) 3214

f=[f(k)=3,k+1), ,(K) =3, (k+2),..., fis(k) = §,,(,k +15)] =[£1 115

Si(k) =3, (k+1) A

k),=y. (k+2
fz( )’ y'"( o ) = f2 :[f,-]lsxl

fls(k)azj’m(k"‘ls) 15x1 f15 15x1
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3. AMnammsiieesnaneuausstutiu ladwun j ¥enfe g; =1,

qumsh (3.12) laounumawa N j=1,...,15

min(j,n,) min( /,n,) min(j,n. )~
g, == Qg+ Z b, + ¢ .8 =0<0
i=] i=1 i=1
nj=1
min(j,n,) min(/,n; ) min(J,n. )
' s Z ag;.+ Z b, + Z G

i=1 i=] i=]

min(1,3) min(1,3)

) 1
< e Z ag,;+ Z b, + z ¢ =_Zaigl—i=0

i=1

i j=2

min(2,3) min(2,3) min(2,3)

SrE= Z a,g,;+ Z b+ Z ¢

i=1 i=] i=]

2 2 2
= "Zaigz-: +Zb: + Zci =—{a,g +a,g)1+[b +b,]+[c, +¢,]
=

i=] i=1

=[5 +b,]+[c, +¢,]

=
L
Il
(98]

min(3,3) min(3,3) min(3,3) 3 3 3
&3, =1 Z a,g;;+ Z b, + 4 =_Zaig3-i+zbi +Zci
i i=1 i=1

i=1 i=1 i=1 i=1
=-{ag, +a,8 +a,g,]1+[b +b, +b,]+[c, +¢, +¢6]
=-a,g, +[b +b,+b,}+[c, +¢c, +c,]
“71 j=4
min(4,3) min(4,3) min(4,3) 3 3 3
8y == Z a8t Z bi+ Z ¢ =—Zaig4—i+zbi+zci
i=] i=] i=] i=4 i=]

i=1

=-{a,g, +a,g, +a,g,]+[b +b, +b,]+[c, +¢c, +¢;]

=-{a,g; +a,8,]+[b, +b, +b]+[c, +c¢, +c,]

nj=5
min(5,3) min(5,3) min(5,3) 3 3 3
ags.,;+ Z b, + Z €. = _ZaigS—i +Zbi +Zci
i=1 i=l i=l

] i=] i=1

i=

5= =

=-{a,g, +a,8, +a,g,]+[b, +b, +b;]+[c, +c, +¢;]
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nj=6
min(6,3) min(6,3) min(6,3) ' 3 3 3
g6:— Z aig()-—i+ Z bl+ Z C,- Z—Zalg6—1+zbi+zcl
i=1 i=1 i=1 i=1 =i i=1
=-{a,gs +a,g, +a,g;1+[b + b, + b ]+[c, + ¢, +¢;]
nj=7
min(7,3) min(7,3) min(7,3) 3 3 3
By =T z ag,.+ b, + z Ci =—Zaig7—i+zbi+zci
i i i= i=1 = i=1
=—{a,g+a,gs+a,g,1+[b +b, +b,]+[c, +c, +¢;]
nj=8
min(8,3) min(8,3) min(8,3) 3 3 3
== Z a,8s ; + Z b, + Z ¢ =_Zaig8—i+zbi+zci
= i=1 p= =1 i=1 i=1
=-{a,g, +a,8, +a,g;}+[b +b, + b} +[c, +¢, +¢,]
nj=9
min(9,3) min(9,3) min(9,3) 3 3 3
89 =~ Z a,gy ; + b, + C==2.98s; +zbi + zci
i=1 iz = i=1 i=1 2
=—{a,gs +a,g, +a,g,]+[b +b, +b;]+[c, +c, +¢;]
N j=10
min(10,3) min(10,3) min(10,3) 3 3 3
810 =" Z ;8- + Z b, + Z Cri —Zaiglo—i +Zbi +Zci
i=1 i=1 i=] i=1 i=1 i-1
=-{a,g, + a,g, +a,g,1+[b, +b, +b]1+[c, + ¢, +c,]
a
n j=11
min(11,3) min(11,3) min(11,3) 3 3 3
&n =" Z a8t Z b, + Z Ly == —Zaigll-—i +Zbi +Zci
i=1 & i=1 =1 7= i=1
=—{a,g,, +a,8, + a,8;]1+[b, + b, + b ]+[c, +¢c, +c;]
nj=12
min(12,3) min(12,3) min(12,3) 3 X 3
S Z a8, t Z b, + Z ¢ = _ZaigIZ-i +Zbi + zci
7l il in1 = i=1 i=1

=-{a,g,, + 4,80 + 8,8, 1+[b +b, + b ] +[¢; +¢, + ;]
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nj=13
min(13,3) min(13,3) min(13,3) 3 3 3
L= Z a8, + z b, + z G = “Z 4,813 +Zbi +Zc,
i=l i=1 - i=1 i=t i=1 =]
=~1a,8, + 4,8, +a,8,,)31b + b, + b ] +]¢, +¢; +55]
nj=14
min(14,3) min(14,3) min(14,3) 3 3 3
8=~ Z a8y T z b, + Z G = _Z ;84 T Zbi i3 Zci
i=) =] i=1 i=] =1 =]
=—{a,8,; + 4,8, + 0,81+ [b + b, +b,)+]¢, +¢, +¢;)
nj=15

min(15,3) min(15,3) min(15,3)

3 3 3
Si5:= = Z 85t Z b+ Z ciz—zaigls—i+zbi+zci
il il

i=l i=1 i=1 i=1

=—{a,8, +a,8;+a;,8,1+[b, +b, +b]+[c, +¢, +¢;]

a a ¢ ohlisy a. &
HlﬂuW'lﬁ'llllﬂﬂiNIWI?)‘U?{‘NGQ“UHUu‘ﬂiu;ﬂuﬂﬂm%iﬂclf

i gy, &Ena - 0 g & 0 g,
G=| e o TR a e
| 8y, 8Ny o Bwnw | [ &5 8 - 8] |L&is
= T e
wie  @T=1". g
[ 8o 8B s By

4. MUIUNNMIAIVAUIINAUNTN (3.19)

i=[G"G + AI'G[r-f]

a d o aaq‘y = @ U d'y
VINUITVINABIAYYIULUUIIDNDNDINUATINADINIG

r=[r(k+N,),r(k+N,+1),....,r(k+N,)I"

8o

&8s

J15x2
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— [k +1),r(k+2),..,r(k+15) =[r ]

1 r(k+1) 3
r(k+2) r
= - = 2 =[ri]15x]
r(k+15) 15x1 hs 15x1
= = =
g &
g, 5. vesia v B w g.z g‘I +[l]] 2
8o & o B Lo : :
\ _gIS gl4_]5X2
; n 5
g & - &s x r 3 5
AT S B ‘
__rlS 15x1 f15 15x1 |

-1
88 +88+--+8.8, 88t&&*--+8.8, M[l o] 5
808, +8:8+---+8 .8, 88&*t&&*--+8.8, | 1

n=h
g & - &s o Bk
86 .8, ~ Bl :

hs—hs 151

{[(g,g,+g2g2+---+g,5g,s)+/1 (g,go+g2g,+--.+glsg,,)} J"'x
(808, +8:8+---+8,8,) (88 +&&+.-+8,8)+tA]

g (rn—1)+&n— 1)+ +8s(hs— fis)
[g(,(r,—J§)+g,(rz—f2)+---+g,4(r,5—f,_c,)L5
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5. MUIUITYYIUAIVAUINTUMIN (3.11)

u(k)=u(k-1)+[1 0 0 ... O]

2

u(k)=u(k—1)+[1 o][if’ } =u(k—1)+,
u
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Electro-pneumatic Proportional Valve

Series VEF/VEP

Specifications
Electro-pneumatic proportionai valve: Mode! Flow Pri
Flow type (VEF) = iype Seoure iype |F.R.L
Controls the flow rate steplessly according to F2121 VEF2121 VEF?"i VEP3121 | VEP3141
current. (It is a 2/3 porl valve that has an ltem VEF3121 'VEF3141 I AV
electrical throttle valve function.) A model that 4% e 3 A |34 14 3 14 3 3 3
55 uiabie M epiealing conPesis. o the Port size Re o, % | V4, Y. ' '/u. o, % | Y% A, 4, Y
number of ports or maximum effective area, can Fluid Air (Inert gas) AU
be sslected. Proof pressure 1.5 MPa
slect:'o’-.pneun(wcélc)propomonal valve: Maximum operating pressure 1.0 MPa l AF
Controis the pr " ding to Ambient and fluid temperature 0 to 50°C {With no oondensation) AR
current, Ano.bocauuut’m-ﬂocthn'ulwopon'od Response fime 0.03sorless  [0.05sorless|0.08sorless] 0.05s or less l:
area of the exh side Is identical due to its
construction, this valve provides a large exhaust Hystomslc 3%FS. IIR
capacity and can be used as a rellef valve. (It is Repeatability 3% FS.
a 3 port valve that has an electrical pressure ;
reducing valve function.) Sensitivity 0.5% F.S. lVEx
Linearity — |  a%FS.orless
Lubrication Not required (Use turbine oil Class 1, 1SO VG32, if lubricated.) |AMR
Weight (kg) 0.0 s e el s

Proportional Solenoid Speciﬂcations
Proportional solenoid recognition symbol 1 (Applicable power amplifier: VEA25()

2

21 S VEP3121 Applicable power amplifier ey VEA250
(Flowlype)  (Pressure type) Max, current 1A

<
w
>

Coil resistance SR 13 Q (20°C)
Rated power consumption el 13 W (20°C, with maximum current)
Coil insulation type s Class H or equivalent (180°C) AL
‘Max. temperature s 140°C (With maximum current) l G
Electrical entry Vo e DIN terminal
: ; EE PPA
(Pm‘,;pe) VEF3141  VEF2131
(Flow type)  (Flow type) How to Order IAL
<Flow type> <Pressure type>
VEF([3]1[4][1H1] 03[;1 VEP31[4][1 H1]
ad type Thread type
Applicable Nl Ae Applicable power Nit RAc
power amplifier F G amplifier F [
Symbot| Power amplifier N NPT Symbol | Power amplifier - SN NPT
1 VEA250 T NPTE 1 | VEA250 An¥o]  NeTFE
Standard l
Body size characteristics Port size Standard
T Standard characteristics ; Body size chammrlstlcl Port size
"Ei_o_mnmm oo Peneh®  Bodysie] Snseme T P R
e 1 N o, Symbol | Symbol|Set _._mmm
: 2 9 02 plate Nit Without
2 2 Rc 1/4 1 0.05 10 0.65 MPa
& 3 5 03 Ac 3/8 2 02 "{H‘Zﬂ'ﬂ"
2 % 7 s Re A 2 0.110 0.9 MPa 03 Rc 3/8
; RAc 1/2 03 Rc 3/8
s 1 45 g 231 'l 1 0.005 t0 0.15 MPa :: ggé’l"‘:
1 12
Ni | Without
2 8 sub-plate JIS Symbol  Flow Pressure(y
2 - 02 A2
3 3 45 e |t B (% Wers :%
4 25 m @ W @ 3)
- ] e —
4 el 2 06 Ae V3

. 14-9-11
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The spool controis t
the balance betwee
pulling force (F1) ar
(F2). The spool ma
amperage that is ;
solenoid, thus contrc

P
m

Series VEF/VEP

{Application Example {How to Use DIN Te:
Controlling pressure Controlling multispeed of cylinder A Caution
for die press cushion Sun " w‘ﬂng pmdu'e
,_,-—-99~-—-~-— 1. Loosen the retaining scr
I""‘ o F_ﬁ,,L connector from the pin plug
) v Zayiet Control 2. Make sure to remove the
: 2l {ampifier [circuit insert the tip of a flat hea
b o the groove below the termir
SoL.a up to separate the termin
; terminal block.
N /. Electro-pneumatic proportional vaive 3. Securely connect the wire:
< Regulator valve (VEX1) terminals in rdance
Die cushion procedure.
(Imagine air type shock absorber) Wiring
Controlling welding pressure Controlling rotation of air motor {;,'M"“' "'u:',f
of welding machine electrode for terminal
* Coil has n
Pin plug shape
Applicable cable (Heavy

Controlling pressure
of low pressure die-casting
with fsedback &eun
Control circuit
Electro-| ic proportional valve
Prassure sensor VEXP314)
H
= 7 —J
wd i :—‘ L..J Regulator valve VEX1
iB

| Previous Type VE?CIOCI0,VEATCIO |
A\ Caution

VEZOIDDO0 must be used in conjunction with the
power amplifier VEA10(3.

An old VEA10ODO cannot be used in
combination with the current VE:ODDI.

14-9-12 [jm

0.75 mm’, 1.25 mm’/2 core, 3
©11.5) based on JIS C 3312 ar
Outlet changing proced,
To change the wire outlet, |
terminal cover from the terming
Then, reinstall the terminal co
direction (in 80° increments).

1Be sure to read before
IRefer to pages 14-21-
lfor Safety Instruc

Common Precautions,

A\ Caution
1. Air supply

Poor quality air could incr
sliding resistance, while p
attaining its specified cha
compressor oil with a minir
oxidants and instail a mist :
AM series). Reler to page 14
2. Mounting

® Vibrations are transmittec

the proportional solenoid

necessary to prevent the
ibrati insert vib n

material.

® Thoroughly flush the pig
eliminate any dust or sca
inside.

®Install a silencer (AN
exhaust port.

® Be careful with the molde
generates heat while cur
it

3. Lubrication
This product can be used wi
But if lubricated, use turbin
VG32 (with no additive). It
use spindle oil, machine oil, ¢

4. Manual operation

To check the operation of th
applying a current, remove
use a screwdriver or the like
of the core. After checking
reinstall the rubber cap in its
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Pressure Type: VEP

110

{Diagram of Working Principle | [Current-Pressure Characteristics| |Flow Characteristics |
The control opening becomes closed when the The horizontal axis of the characteristics -1 "
solenoid’s pulling force (F1) balances with the  represents the output amperage of the power .VEP31211 02 R e
force (F2), which is created by the outlet amplifier VEA250]. (If NULL and GAIN are inthe
p (P2) that p through the feedback condition, 0 10 1 A can be viewed by \
passage and acts on the spool surface. As a  substituling them with command signals 0to 5 |  06F
resutt, the outlet pressure (P2) is established. V) |
i | osbdt— L
@F< F2 { f
s M —~— |
/ R o B 4 W)
: ;
/
¥ ; i o3 ]
-2 ! : B i
4y f o \Y
/’( ; 01 : ‘
y }
AL F ™ ;
/17 S B B R ol : o GRS B
A 200 0 400 800 1 |
K0 5 B B e [ R « A Flow rate (dmin (ANR) P —» A |
P d .“‘M ! - g5 2
“02 04 06 08 1 VEP3121-2-02 iniet pressure: 1.0 MPa
09— —
|Pressure Characteristics /5 5,557 i sceoencs) =3 N -
VEP3121-1 B 2 \\
= o
021 | B ookt -\\\
sl ;1§ Fi
g ng“——m e 0.5L - V ‘
02 S Jo —
§ — z 04 : aN
0189 g e : \ -
g == i N
0 02 04 06 08 \
| ietpessusP P B o8
VEP3121-2 ¥l
R « A Flow rate (¢min (ANR)) P — A
—~ 021 VEP3141-1-04 Inlet pressure: 0.3 MPa
g Set point f :
2 o psers \
i 7 L 0as \
§ 019 \
|~ 0 0z 04 06 08 | i€ L \
! Inlet pressure P1 (MPa) | 18 : v\\
VEP3141-1 o g
i .05
00185 g 3 N
o H
S R L— T
%o‘m
-.—°‘“/‘[ 0 0800
3 T : R « A Flow rate (¢min (ANR)) P — A
0 02 04 06 0B
z Inlet pressure P1 (MPa)

14-9-14
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Electro-pneumatic Proportional Valve Series VE F/V EP

Construction

Flow type: VEF2121 (2 port)
VEF3121 (3
Pressure type: VEP3121 (3 port)

Flow type: VEF2131 (2 port)

6{/

of |

!

| P(port R(E)pon

Flow type: VEF2141 (2 port)

Pressure type: VEP3141 (3 port)
®

VEF3141 (3 port)

No.| ' Description Material Note No. Desaription ~ Material Note
“@ [Body Aluminum alloy Metallic painted | (7 | Gasket NBR —
_@ |Sub-piate Alurninum afloy Metallic painted | G2 |Spring Stainless steel/Piano e
= B e Emes
® [Mold con T = @ [Oring NBA o
_(® |Solenoid cap assembly alloy Metallic painted | 08 [O-ring NBR —
@) [Movable core assembly o= = Hex. socket head cap screw | _ Chromi ly =
E End cover alloy —_ (8 |Hex. socket head cap screw | Chromium-molybdenum -
_(9 |Bush Resin — 43 |Hex. socket head cap screw | Chromium-molybdenum —
40 _|Set bushing Brass = Lock nut NBR —
14-9-15
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Flow Type: VEF, Pressure Type: VEP [T [ 8

Flow type: VEF2121,VEF3121
Pressure type: VEP3121
40
MRypon | 5988
& ‘“ o ‘A E
i - .
H [t =7 ) i
2 : R port
P{1) port R(3)
G¥%
ﬁ* Cabtire cable
_I —t. 0.D.06810011.5 ke
L o2
’ -
R EE
125 - “3-Re s, %o
Flow type: VEF2131 Flow type: VEF2141,VEF3141
Pressure type: VEP3141
? %
2-R | P(1) port
l/‘.:h‘h ’-%
Af2) port A
i 10 ]
64
[ Cabtire cable
0.D.068t0011.5
§>J ~ly Mouniing hole
s B0 :iFas
{ K )b
1l a 2 o
367 mounting holes .
14-9-16
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Low-Cost E Series Multifunction DAQ -

NI 6023E, NI 6024E, NI 6025E

*» 200 kS/s, 12-bit resolution,
16 single-ended analog inputs

* Two 12-bit analog outputs

* 8 or 32 digital 1/0 lines (5 V/TTL);
two 24-bit counter/timers

*» Digital triggering

¢ Available for PCI, PXi/Compact,
and PCMCIA

* NI DAQ driver software simplifies
configuration and measurements

Models

NI 6023

* PCI-6023E

NI 8024E

» PCI-6024E

* DAQCard-6024E
NI 6025E

* PCI-6025E

* PXI-8025E

Ordering Information
NI 6023E

PRRGOZAE ... i s ot

NI 6024E

POYORZAE .. i it i v

DAQCard-6024E*
NI 6025E

POEROISE " oo e
PRIBOISE" el

200 kS/s, 12-Bit, 16 Analog Inputs

Real-Time
See page 142

NI Application Software

* LabVIEW

* Measurement Studio

* V| Logger

Operating System compabbnlny
* Windows 2000/NT/Me/9x
« Mac OS - not for all hardware

Accessories
See page 256

Calibration Certificate locluded

See page 24

*Visit ai comiinto md enter winxp for the
latest opemion systom information.

................ 777742-01

................ 77774301

-...778269-01

For information on extended warranty and value-added

services, see page 22.

Recommended Configurations

[Femily ] DADBevies | Avcessov | Gable |

NIGO23E  PCHBOZ3E CB8BLP (77712501) RG856 {18248201)

NISO24E  PCHBO24E CB-BBLP (777145-01) 6858 {182482:01)
DAQCad-B024E  CB-B8IP 77714501) RC6B-68 (187252-01)

NIGO2SE  PCHBOZSE Two CB-50LP3 777101-01)  RI005050 {182762-01)
PXI-BO25E Two CB-50LPs (777101-01)  R100S050 (182762-01) |

For E Series accessory and cable information, see page 256.

N N e

Overview

The NI 6023E, NI 6024E, and NI 6025E
are our low-cost 12-bit DAQ devices
that use E Series technology to deliver
high performance and reliable data
acquisition capabilities in a wide range
of applications. You get up 1o 200 kS/s,
12-bit performance on 16 single-ended
analog inputs. Depending on your type
of hard drive, these devices can stream
to disk at rates up 10 200 kS/s. The new
DAQCard-8024E gives you the same

INFO CODES
For more information
or to order products
online, visit #/ caupinin
and enter:
pci6023e
pcib024e
dagcard6024e
pci6025e
pxi6025e

BUY ONLINE!

performance in a PCMCIA card for portable application needs.

These E Series devices feature digital triggering capability, as
well as two 24-bit, 20 MHz counter/timers; and 8 digital )/O lines.
The NI 6024E and NI 6025E also feature two 12-bit analog
outputs. An additional 24 lines of 5 V/TTL /O make the NI 6025E

family the best value of any PCI data acquisition device available.

Seo the E Series Multifunction DAQ Overview on page 230 for a more

detailed hardware overview.

3 og i Samplag Amn;g Dsgnal -
nmmm Rate S/s nm T Rah: Timers

H
|
H
i
§
L

B0Z3E Pl 16 sz/s DI 12bits  200k8/s mns 0410V . -
Ni 5024E PCI, PCMCIA 16 SE/B 01 12 bits 200 kS/s 200510210V 2 12 bits 10&3/5' 10V
{ NIBOZ5E  PCI, PXl/CompactPCl 16 SE/B DI 12 bits 200KkS/s. 2005t 10V 2 12 bits 10 kS/s 10V

2, 24-bit Dwml
8 2,24bit  Digital
k73 2,24bit  Digital

'10 kS/s system-dependent when using the single DMA channel for analog output. 1XS/s system-dependent when using the singie DMA channel for either anslog input o counter/timer dperations.

g
|
|

Table 1. NI 6023E. NI B024E, and Ni 6025 Channel, Speed, and Resolution Specifications (see page 266 for detailed specifications)

National Instruments » Tel: {800) 433-3488  Fax: (512) 683-9300 * info@ni.com * ni.com

$331AaQ Py seues 3



E Series DAQ Devices

Measurements
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Low-Cost E Series Multifunction DAQ -
200 kS/s, 12-Bit, 16 Analog Inputs

' Nomiaat Range (V1 ‘ ummmmtmwj ifemp Resolution (mV) -
mlmmm o b T e i |
100 -100 0.0872 0.0914 6.380 3810 0975 0.0010 16.504 5.890 1280
50 5.0 0.0272 0.0314 3200 1950 0.488 0.0005 5.263 2950 0842
05 -05 0.0872 0.09)4 0340 0.19% 0.049 0.0010 0.846 0.295 0.064
005 0.05 0.0872 0.0914 0054 0083 0.006 0.0010 0.106 0073 0.008
Note: A ies are valid for {ollow mnmmﬁikmﬁ“mhmmmmmdhmmmmdlmwmmmnlmrn
WWU‘SMMH‘C“MMWM:WTMMG"‘M it P One-year cality interval The Absolute Accuracy at Full Scale

were performed for @ maximum range input voltage (for example, 10V for the £10'V range) after one yea, ing 100 pt ging of data. See iew on paga 234 for an example calculations.

Table 2. NI BO23E, PCI-6024E, and NI B025E Analog Input Accuracy Specifications

A & Aceuracy Relative Acenracy
Nomiaal Range (V) = "1 i VR @nﬁgt_«'_en Vi ‘ Teny I " Absalule Ace: Accuracy
Positive F§ Negmwe F$ . Averaged Drift (%7€} ot Full Scale (mV)
' 00872 0094 0 3810 1042 0.0010 19012
0.0314 . A ; 0.521 0.0005 6517
00914 i 0052 0.0010 0972
4 00914 0066 0083 0.007 00010 NS i M?S'/ 0.008
fohi mMEM&MWWMdMMmM!WWNmeth

np-mdmuum:l’(:dm&mrmwamtdmduumduummnmmm The Absolute A y ot Full Scale
were perfo for a mani range input voitage [for example. 10V for the £10 V range) aher one year, ing 100 pt ging of data. See d mwmh’mwm

Table 3. DAQCard-8024F Analog Input Accuracy Specifications

Absolute
&t Accuracy

 Nominal Range {v)
Full Scals {mV,

“Pasitive FS | NegaGve £5-
20 -10 00177 - 0w 00218 - 583 0.0005 8127
NolthpDvihawﬁuwWi!nlin'cMm:?n%dwmﬂu&nm%mmluwm

Table 4. NI 6023E. PCI-6024E, and Ni 6025E Analog Output Accuracy Specifications

Absalutd Accaracy % Absolute

Nominal Range [V} i % of Reading 4o Tenmp.. ot Accuracy
Pashive s § Dﬁse: m¥) | DRREC) | Full Scale nVi:

0w emy v 0.0005 10.568

NmTumDrmmmnMnmmxm'Cufmmmmmm Suw?)‘hwobuhlm

Table 5. DAGCard-8024E Analog Output Accuracy Specifications

kna!oﬂ f s .o Anatog Ouiput ) | Available P Bus
Sam fe Rate Pulaﬂt Range Selections Updato Rate . { Polarity FFD Size OMA Channels Master
 Bipolar - . | Ly AN

mmmmss 200K8/s 20V,10V1V100mV  Upto 10kS/s’ Eyiy
zsoks.fs lﬁipolu WV10V,5V2Y%1V  UptoiMS/s  ‘Unipolar 512 Samples 3 3

i orBipolar 500 mY, 200 mV, 100 mV or Bipolar - LR

PCHB070€ ususrs ‘Unipolar 20V, 1DV.5V.ZV.1V  Upto1MS/s  Unipolar mw« L N 3

*or Bipolar SvammK?WmV or Bipolar
1 lOWswmwmmnanMmmNmi&/:mmmmhmummhmmmumnmm

Table 6. How To Choase Between the PCI-6024E, POI-60E. and PCI-6070E DAQ Devices. This table highlights the differences between these product families. Use the table to determine
which device has the features your application reguires.

To find block diagrams in the user manuals for the NI 6023E,
NI 6024E, and NI B025E devices, visit ni.com/info and enter exBg2w.

See page 233 in the E Series Multifunction DAQ Overview for /0
connector diagrams.

See page 266 for more detailed specifications.

National Instruments « Tel: (800) 433-3488 « Fax: (512) 683-8300 * info@ni.com * ni.com
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E Series Multifunction DAQ Accessories

§ Selection Guide >
2 Step 1. Select your E Series device.
g Step 2. Using Tables 1 and 2 as a guide, determine which accessories
S are appropriate for that device. Select an accessory. Table 3 provides
<
s descriptions for E Series device accessories.
=] Step 3. Using Tables 1 and 2, determine which cable is required to
14
,g connect your selected device and accessory.
)
(7}
w

TBX-68, CB-68LP, CB-88LPR. DAQ Signal Accessory,

AE-2110, BNG 2120, BNG-20%0, SCB-H

b

e i !

! DAQ §u;fm? A.,(essovy, CA-1000, : } SCC Modular

BNE2110, BNC-2120. | SCXI Signal | Signat

Device BNC2090, SCBE8 . - oo ! | Conditioning Conditioning
2o Cables
Mmmw- ;
these accessories argused Conditioning details
are used with the second with the second 68-pin -

2 : 68-pin connector, CONNECIDF. & ;
5 MM&MWIDM Slﬂquin S&ﬂlshnm:pﬁu smnmm Set‘pammh'
e Ee ‘ ¢ ies  these accessories are used - Conditioning details
a '&aﬁmn?&mmzm areused withthe second  with the second 68-pin
é 68-pin connector, connector,

Table 2. Accessories and Cables for 100-Pin and DAQCard E Series Devices

:
SCX Signal Conditioning. 5 ‘, 3 ummmmwwﬂmmm 385
'SCC Modular Signal Conditioning Single or dual channel signal conditioning modules 451
AMUXW& SSR.ER.MSGMWW‘ Extemal signal conditioning accessories 478 .
BNC-2110: BNC accessory for 68-pin E Series devices 257
BNC-2118 iy meymmmdedWmiwﬂnESumdnm 257
'BNC-2120 ; Ry : BNC accessory with function generator (for 68-pin E Series devices) 57
BNC-2080 = s Rack-mountable BNC accessory (for 68-pin E Series devices) 257
CA-1000 enclosure Configurable connectivity enclosure 257
18-2705 : Latching screw tesminal block for PXI E Series modules 258
SCB-100 100-pin, shielded screw terminal block with breadboard areas 258
SCB-68 68-pin, shielded screw terminal block with breadboard areas 258
TBX-68 ! 68-pin, DIN rail-mountable screw terminal block 258
CB-68LP, CB-68LPR 68-pin, low-cost screw terminal biock 258
258

Signal Source and Demo Accessory : DAQ signal accessory to demo and test analog, digital and counter/timer functions
For complete snd up-to-date information about accessories, visit : oo aialoy <

Table 3 Overview of E Series DAQ Accessories

National Instruments » Tel: (800) 433-3488 « Fax: (512) 683-9300 * info@ni.com * ni.com
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Pressure Control of Pneumatic-Pressure-Load System using
Generalized Predictive Controller

Pipat Chaewieang, Kaset Sirisantisamrit, and Teerawat Thepmanee

Abstract—This paper presents the pressure control by using
generalized  predictive  controller (GPC) for  the
pneumatic-pressure-load system at which electro-pneumatic
proportional pressure valve is employed as actuator. Since
characteristic of one s time-varying and nonlinear, a
three-order cootrolled auto-regressive moving average
(CARMA) model suitable for pneumatic actuator is then used

to modeling process system by using recursive least-squares
method with forgetting factor to estimate the model parameter.
For the proposed control method, system parameters are
estimated only, state parameters are not. Experimental results
show, both open and closed loop response, that overshoot
happen for open loop response is climinated and steady-state
pressure is accurate enough.

I. INTRODUCTION

The disadvantage of electro-pneumatic actuator is not
only nonlinear characteristic but also time-varying
system. The linear and non-adaptive control method such as
a conventional PID controller can not be high performance
to control the nonlinear and time-varying system. The
adaptive and self-tuning regulator [4] has been proposed to
regulate pressure only by using LQG method. The
mentioned one as model based method must employ the
system model which requires both parameter estimation and
state estimation. It is not convenient to implement to other
actuator because an internal structure of actuator is different.
A predictive control [1, 2] is suitable to control nonlinear
and time-varying system. The electro-pneumatic based
position control [3] used the GPC method has been
proposed, also but not required the state estimation. The
actuator for the pressure and the position control is very
similar, that is, the electro-pneumatic valve. The position
control employs the electro-pneumatic proportional flow
valve; the pressure control employs the electro-pneumatic
proportional pressure valve. Then, in this paper, we
represent the GPC method for the pressure control using
system model as CARMA model at which its parameter is
estimated by the recursive least-squares method with
forgetting factor. We avoid to modeling the pneumatic
system, the state estimation is not then required. The
represented GPC method is suitable to implement to other
pneumatic actuator.

This paper is organized as follows. In Section 11, overview

Pipat Chaewicang, Kaset Smsannssmm. and Teemwal Thepmanee are
with the Dep of 1 ing, Faculty of
Engineering, King Mongkut's Institute of Technology Ladkrabang,
Bangkok, 10520 Thailand (e-mail:  pipaic@thai-trinity th.com.
kskaset@kmitl.ac.th, and kuteeraw(@kmitl.ac.th ).

978-1-4244-2632-4/08/$25.00 ©2008 IEEE

detail of the system description is described for setting up
system to evaluate. The control system structure comprises
of process model, estimation of system parameter, and the
GPC method are briefly described in Section I
Experimental results and conclusions is shown and
discussed in Section IV and V, respectively.

Il. SYSTEM DESCRITION

The general overview of the pneumatic-pressure-load
system [4] is shown in Fig. 1. The one consists of three parts
(1) air supply prepared pressure of 7.5 bars, (2)
pneumatic-pressure-load system, and (3) personal computer
(PC). The pneumatic-pressure-load system comprises of (a)
chamber, (b) a pressure sensor (SUNX, DP2-22) which is
used to measure the pressure in chamber, and (c) the
electro-pneumatic  proportional pressure valve (SMC,
VEP3121-1) together with amplifier (SMC, VA250). The
output voltage as analog signal, 1-5 V corresponding to 0-1
Mpa or 0-10 bars, from the pressure sensor is converted into
the digital data in PC via a data acquisition board (NI,
PCI-6024E) as analog to digital converter (ADC). A control
algorithm computed within PC will generate the control
signal, 0-5V, by using the data acquisition board as digital to
analog converter (DAC) used to drive the
pneumatic-pressure-load system actuator which is the
electro-pneumatic  proportional pressure valve for
converting input current through an amplifier as voltage to
current converter, 0-5V to 0-1A, into output pressure,
0.05-0.65Mpa or 0.5-6.5bars. In our case, the maximum
output pressure is controlled of § bars.

The relationship curve between input voltage and the
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Fig. 1. Electro-pneumatic pressure load system.

output pressure of the electro-pneumatic proportional



pressure valve is shown in Fig. 2. Seeing that the minimum
output pressure, at which the input voltage is of 1.5 V, is

approximately of 0.5 bars corresponds with its specification

[http://www.smeworld.com]. Also it is linear in rang of 1.5 -
5Vand 0.5 - 6.5 bars.

III. CONTROL SYSTEM STRUCTURE
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Fig. 2. Relationship curve between input voltage to output pressure.

The structure of the pressure control system is depicted by
the block diagram shown in Fig. 3 which comprises of (a)
the pneumatic-pressure-load system, (b) CARMA model,
and (c) GPC controller.

A. Process Model
In this paper, a three-order CARMA model is employed,
Computer x4
CARMA Model | !
|
': : Pneumatic- Pressure
P w GPC i P sigral
:.: Controller | | v Load
: System

Fig 3. Coniral aystem Sructure,
n=3. Consider single-input single-output process (SISO)
given by

A(z™") y(K) = Bz ulk—d) + C(z")e(k) (1)
where u(k) is the process input, y(k) is the output, d is
the time delay between u(k) and y(k) . e(k) is a
sequence of independent noise with zero mean and o”
variance and A, B, and C are polynomials in back-ward
shift operator z™ and defined as follows:
Az")=1+az' +a,2"+. . +a, 7"

=1+ i az’
i=1

2.1
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B(z") =bz'+bz*+. . +b 7"

= i bz (2.2)
=1
CZ) =146+ 27 +..+¢, 2™
= f: ox' 2.3)

=1
In case of n=3, let n,=n,=n=3 and d=1,
rewritten (2.1), (2.2), and (2.3)

A(z")=1+az" +a,z7* +a,z" 3.1)
B(z") =47 +b 7 + b2 32
C(z") =1+ +¢z +¢7° 3.3)

where a,, b, and ¢, i=1,23 are the parameters of

system.
B. Estimation of System Parameter

The pneumatic pressure-load system is time-varying, also

the system parameters, d,, b,, and C,, =123 are

unknown. The recursive least-squares method with

forgetting factor is employed to estimate as follows:

O(k) = 6(k-1)+ K(O)[ y(k) - " ()8 (k~1)] (4.1)
K(k) = Plk-1)@(K)[AI - ¢" (k) Ptk - D@ (k)]
___ A'Pl-1)plk)
=479 () Plk-D (k)
Pk)=A"Plk-)I-2"K(K)¢" (k) P(k-1) (4.3)

where
A is the forgetting factorand 0< A <1,

O(k) denoted the parameter vector,
o) =1-4.-3,. -4,8.5.5.6.5.51".
@(k) is the observated data vector of the controlled
system,
(k) =[y(k-1), y(k-2), y(k-3),
u(k-1), u(k-2), u(k-3),

elk-1),e(k-2),e(k-3)]".

C. The Generalized Predictive Controlier
Here, the GPC method is only described briefly. The
detailed description of one can be found in [1,2]. The basic
principle of the GPC method is shown in Fig. 4. The time
scale is expressed in terms of sampling period with sample k

denoting the present discrete time step.
The cost function is defined as follows

4.2)




N,
Jw.3.8) =Y [wlk+ - jlk+ PP

FN,
N,
+,1}:‘ AT (k+ j-1) )
J=

where
U is the predictive controller output vector,
W is the desired reference trajectory vector,
¥ is the predictive process output vector,
N, is the control horizon,
A, is the minimum costing horizon,
N, is the maximum costing horizon,

A is the control output weighting,
For the pneumatic pressureload system, @ is the
predictive control signal vector, 0-5 V, computed by GPC

A 4

k=1 k k+1 k+2 k+3 k+4 k+5

u u’F& i &
J 4
N, |
B ———
T

v

k=1 k k+1 k+2 k+3 k+4 k+5-
Fig. 4. Basic principle of the GPC.
method within PC, W is the desired pressure reference
valve vector, 0.5-5 bars, ¥ is the predictive output pressure

vector, 0-5 bars, which is calculated within PC by using a
three-order CARMA model at which the parameters is
estimated by the recursive least-squares method with
forgetting factor, as mentioned. The GPC method will
generate the control signal until the predictive output
pressure is as close as possible to the desired pressure
reference within the minimum and maximum costing

horizon, that is, between N, and N, . To chose the costing
horizon, usually the first prediction horizon, N, , isof 1, the
second prediction horizon, /, , is selected dependent on the
transient response of system. The control horizon, N, .
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affecting to the future control signal output should not be
greater than NV, /2.

For the represented GPC method, we follow the control
law detailed in [3] which is specially called that the unified
GPC.

1V. EXPERIMENTAL RESULTS

Experimental tests were carried out to evaluate the proposed
control method by utilizing the Matlab/Simulink with
real-time workshop software. The sampling time is of 1 ms.
For GPC method, the prediction horizons are chosen as

follows: N, =1, N, =15, N, = 2 and the control output

weighting, A is of 0.01. By using the our setup system
shown in Fig.1, Fig. 5 shows the experimental results both
open and closed loop control with different pressure
reference value. The curve 1 and 3 depict the open loop
response for pressure reference of 4 and 2 bars, respectively.
The curve 2 and 4 depict the closed loop response. We see
that the open loop responses have overshoot dependent on
the pressure reference value, that is, the higher pressure
reference value, the higher overshoot and also more
dean-zone of pressure response. For the proposed control
method, the closed loop response can eliminate the
overshoot and also reduce the dean-zone of pressure
response. The steady-state time response is dependent on the
pressure reference value but it is accurate enough.

V. CONCLUSIONS

Because the pressure response of the open loop control with

peon mnb ebrsed ey sonholrepunne
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Fig. 5. Experiment results of open and closed loop control pressure

response.
internal force balance for the pneumatic-pressure-load
system using the electro-pneumatic proportional pressure
valve as actuator was overshoot and dean-zone, the closed
loop control is then proposed by using the GPC method
together with a three-order CARMA model at which
parameter of ones is estimated by the recursive least-squares
method with forgetting factor. Also the costing horizons of
the GPC method are chosen to correspond with the
electro-pneumatic proportional pressure valve. On the first
step of our research, we can actually eliminate the overshoot
and reduce the dean-zone but the steady-state time response



is still long time which is not different from the open loop
response. In future, we will improve to get shorter
steady-state time response and develop to control as
tracking.
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