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MQT PHUONG PHAP XAY DUNG MO HINH POI TUQNG PHI TUY EN
TRONG HE PIEU KHI EN DU BAO

Lai Khac Lai (Truong PH Ky thugt cdng nghép —PH Thai Nguyén)

1. Mé& dau

Ly thuyét diéu khien dr bao radoi vao nhing nim 1960, song chdén nhitng nim 1980
phuong phapdiéu khién nay ndi bat dau phat trén manh va to thanh nét linh wre nghién éu
quan tong trongdiéu khién tr dong. Diéu khién dr bao theo mé hinh (Model Predictive
Control-MPC) la nit trong ntirng ky thuat diéu khién tién tén duoc nhiéu ngroi uva chng
nhét trong cdng nglép [1], coduoc diéu nay plan lon & do kf nang trién khai caadiéu kién
rang bwéc vao thit toandiéu khién mot cach & dang ma cac plrong phapdiéu khién kinh
dién khac khéng céduoc.

Diéu khién dr bdo 1a nét pheong phap da trén md hinhi@ ke théng thit dé du doan
truéc cAcdaping & tuong lai, trén o s do, mot thuat toan 6i wu héa ham mc tiéu $ duoc ar
dung dé tinh toan chéi tin hiéu diéu khién sao cho saith gira dap tng dr béo vadap ung
tham chéu cia mé hinh Ia né nhit. Ciu tric chung ¢a k¢ diéu khién due baoduoc chi ra trén
hinh 1. Trongdd: r(k) la tin héu tham
chiéu aia mé hinh i thoi diém k va W " »
chinh 1a tang thaidau ra mong mén " Bydybaova | WY | Béitirg
cua ddi tuong diéu khién; y(k) 1a tin +O_ 161 v hod | dukiéa
hiéu dau ra @ia ke thong thrc; yw(k) 1a - T
dau ra @ia md hinh; u(k) 1a tin Bu diéu u y
khién ddi tuong ti thoi diém k; 0, § 1a .
tin hiéu diéu khién du bao vadau ra dr MSDwH M HINH
bao trong lai trong tng aia k¢ théng (COPY) Fyll
duva trén © s mo hinh.

LY

w

) Ky tAhLat,dleu_khlen dr baoduoc B¢ Toc héiticp | e()
ap ding mot céch linh hat trong knh
vuc diéu khién qua trinh théng quaad
hiéu chinh cu tric b diéu khién phu Hinh 1: Giu triic chung B diéu khién di bao

hop voi d6i tuong diéu khién da cho

theo cac théngdsrang béc va cac yéuiu haat dong aia ke théng. Mot bo diéu khién dur bao
bao @dm 5 thanh pin oo ban sau: Md hinh &ithng va md hinh phandmhiéu; Ham muc tiéu;
Piéu kién rang bac; Phrong phap gii bai toan éi vu héa; Chin lrgc diéu khién dich din vé
tuong lai.

Kho khin I6n nhit khi 4p ding diéu khién dr bao 1a xay dng mé hinh va gi bai toan
t6i vu hoa.béi voi hé thong phi tugn thi cdng véc nay cang kho kim hon do ét kho xay ding
dugc mé hinh &t md & chinh xac tinh cht caa k¢ thong va thidt toan 6i wu hoa throng phirc
tap,  luong phép tinhdn, thyi gian thre hién kéo dai do péi giai quyét bai toan éi wu hoa phi
tuyén. Chinh vi ¥y ma theo thng ké c6 trén 2206ng ding throng mai sir dung ky thuat diéu
khién dr bao thi phn Isn trong $ naydéu tap trung vao cacdthdng tuyén tinh. Vi \ay viéc
nghién ¢u vaung ding diéu khién dr bao cho cac éthéng phi tugn dangduoc nhiéu nha
khoa loc quan tam, né c6 y nghlon ca vé ly thuyét va thre tién.
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Ddi voi he thong dong phi tuyn, mo hinhdugc xay drng theo hai cach: M6 hintitly
hay m& hinh 8p traing va mo hinh ép den hdic hop xam la mo hinhisdung k) xap xi tong
quat va dp di liéu vao ra aa k¢ thong.

M hinh \at Iy chi thich hyp ddi véi cac i thing don gian, va c6 th mé # tinh chit caa
hé thdng bing cac plrong trinh vi phan, trong khi mé hintbiden hac hop xam thich bp cho
céac ¢ thbng phirc tap haic treong hop khdng bét nhiéu thdng tin ¢ hé théng khi mé hinh héa.
Do tinh chit phic tap caa cac B thong phi tuyn, nén trong thc & dang mé hinh Bp den va
hop xam throng dugc st dung nhéu hon. Trongdiéu khién dr béo, tiéu chin quan tong cho
viéc ap ding ky thuat md hinh hoéa ép den la: Gu tric md hinhdon gian, tin cy va cho phép
khai thac trét dé lugng thdng tin bit trudc vé hé théng; md hinh khéng quéa phb tap, tic c6
lwong tham & khdng quadn; & dang ap dng thuit toan 6i vu hda trre tuyén (on-line)dé hiéu
chinh cac thdng&ma hinh.

~ Trong bai bao nay, tacgiié xuit mot phrong phap xay @ng mo hinhdéi tugng phi
tuyén sr dung mé hinh ny Takagi-Sugeno

2. Xay deng md hinhddi twong bang mé hinh my Takagi-Sugeno
2.1. Poi turgngdiéu khign

~ Xét déi tuong diéu khien 1a mpt
h¢ thong k& kép (hinh 2Xdugc mé & boi

hé phueong trinh:
h, = i(ku- ay/ 24 h- 1)) ﬂ* i
h, =+ (a2 h- ) - &/ 208 " ..
I 1

Trong d6: A = 200cm? 1a tiét 31 h 32
dién ngang ta 2 &, a, = 1cm? la tiét :[?__ | — ] 2 L=
dién dng i gita hai i&; a, = 05cm?
la tiét dien o6ng thoat o bé 2 A VDC Motor
g= BI< =98tnis 1a gia Bc trong
truong; leu legng bom arc dai cia may
bom Q__. =18dm®/min = 300cm® /s

Hinh 2: M6 hinh B théng bon kép

max

Yéu ciu cia bai toardiéu khién hé thong 1a gir cho mrc chit long trong 8 hai bam theo
mot quy dao tham chéu cho tirée.

Luu luong neéc bom vao k& tha nhat dugc thé hién ¢ thanh pln k.u trongdé
u ladién apdiéu khién thayddéi tir 0 dén 24VDC, k 1a & sb khuéch dai caa may lom.
Trong thrc t& k 1 mdt hé sb phi tuyén phu thudc vaodic tinh a@ia dong o bom. Bé
don gian, trong bai bao nay om k la mdt hing $ khi @6 lvu luong nréc bom vao k&
|4 tuyén tinh theodién ap u. Nhr vay voi luu lwong arc dai Q... =300cm? /s thi k =
12.5.

max

74



Tap chi Khoa hoc & Céng nghé - S6 3(43yNam 2007

25

0+

0
0

40

30r

20

10+

200 400 600 g0a 1000 0 i

200 400 &00 800 1000

b)

Hinh 3 a,b: Tin hiu vao va tin hiu ra aia bon kép

Véi tap dit liéu dau vao ban nu nhién (hinh 3a)iap ung dau ra @ia ke théng (muc
nudc hy), c6 ding nhr hinh 3b. Quan s&tap tng I ta thy: Qudn tinh ¢a k¢ théng I6n; he
thdng khéngdap ang Wi tin hiéu vao cédo thaydéi nhanh (tin hdu diéu khién c6 &in & cao);
tam haat dong aiadau ra tr 0 dén 40 cm do gii han vat ly caa k& chia.

2.2. Xay dng mod hinh m
Sir dung & mo Takagi-Sugeno & hai dau

vao Wi quy la u(k-1) va kk-1) va not

dau ra 1a h(k) & md & cho & thong k& kép.Dé thuan tién cho vic ki hiéu, trong &p bai
bao nay chn ki hiéu h(k-1) thay cho f{k-1) va h(k) thay cho 4{k). Cac rang bdc trén tin
hiéu vao ra:

0

IN

u(k) < 24

0 < h(k) < 40

- Chon & tap md dau vao u(k-1) 1a 2, coahg

C; = 16.8; plrong saic = 38 :

1

[ER=]3

06}
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phan B Gauss vi hai tam gic, = 7.2 va
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Hinh 4: Tip mv dau vao u(k-1) va ra h(k-1)

- Chon & tap mo dau vao h(k-1) 1a 5, céahg phan B Gauss i cac tAmdic, = 4, ¢ =
12, ¢ = 20, ¢ = 28 va g = 36; phrong saic = 2

- Tap luat mo tdng quat cho mé hinh ériTakagi-Sugeno céadg:
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R;: Néuh(k-1) 1A, vauk-1) la A, thi:
hi(k) = w o +w, u(k-2) + w, ,h(k-1)

Vi sb tap mo dau vao u(k-1) 1a 2 vadstap mo dau vao h(k-1) Ia 5 nén coitda 2x5 = 10
luat mo duoc xay drng. Tac la j = 1...10. Nir vay ta cén xacdinh $ luong tham 8 cho mé
hinh 1a 3x10 = 30 thanbs

- Pau ra ¢&ia md hinhiéi tuongdiéu khién duoc tong hyp nhr sau:

10

h(k) = S (w o +w,u(k-1)+wh(k-1)o (uhl.c.o) @

=

Trongdo: CDJ.([u,h],cj,oj) -4 ; icbj =1 (2)

10

P

=1
H; 12dd phy thude cia cac tin ku hoi quy tai luat thir j vao cacap mo c6 ding phan b
Gauss va c6 giaitkacdinh hoi:

= o3 ST

C;,0; Ia‘céc tong t:?lm va phong sai trong thg aia cac 4p mo co gia ti nhue da cho trong cac
tap mo dau vaoo phan trén.

2.3. Thut toan nkin dzng tham 8 mé hinh i Takagi-Sugeno

- Chon tap dit liéu nhan dang cac tham&mé hinh gm 2000 ndu dit liéu vao ra co shg

ban ngu nhién theo héng phi toan b ving hat dong c6 tie cia hé thong dé phat huy 4t ca
cac tinh cht caa cac mo hinhux b. Tap di liéu co ding:

- Pit: 0, = [Wj,o Wit Wi, !
=1 uk-2) k-2
’Sﬁ: dung thuit todn LOLIMOT Wi tap di liéu nhan dang nhr trén dé nhan dang cac
tham ¢ caa m6 hinh, t@uoc:

0, = (wTQ.w.)‘leQ.hd (3)
= [h,(2),h,(2).....n,(2000]" : Tap 2000 niu dit liéu du ra nkn dang.
+Y = [qu(1),qu(2),...,%(2000)]T :Ma tran céc tin hdu hdi quy diu vao.

+Q; = diad®,(u(),h(@).c;,0,)....®,([u(2000,h(2000),c;,0,)): 1& ma tén chéo
khdi va duoc goi la ma tan trong $ dau vao. Cac thanh gh u(i), h(i), (i = 1...2000) la giaitr
roi rac caa @p dir liéu nhan dang da cho.
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Hinh 5: Tagp miu di liéu nhin dang

Két qua cia viéc nhan dang tham 6 m6 hinh theo cong tic (3) ta § xay drng dugc Mot
mo hiqh o TS hoan ctnh Wi 10 luat mo d€ mo & chodoi tuwong dicu khién, cac ldt mo duoc
phét béu chi tiéet nhu sau:

Ri: Néu h(k -1) 1a H1 vau(k -1) 1a LOW thi:
h,(k) = 0.0023+ 0.015(k 1) + 0.987(k - 1)

Ry: Néu h(k —1) 1a H1 vau(k —1) 12 HIGH thi:

h,(k) = 0.642+0.0068(k -1) + 1.0115(k —1)
Ra: Néu h(k —1) 1a H2 vau(k —1) 1a LOW thi:

h,(k) = 0.0048+ 0.0047u(k 1) + 0.991%(k —1)
Rs: Néu h(k —1) 1a H2 vau(k -1) la HIGH thi:

h,(k) = 0.5609- 0.0173u(k —1) + 1.005h(k -1)
Rs: Néu h(k —1) 1a H3 vau(k -1) 1a LOW thi:

hy(k) =-0.2142+ 0.0315u(k -1) + 0.998%(k - 1)
Rs: Néu h(k —1) 1& H3 vau(k —1) 1& HIGH thi:

he(k) = -0.7215+ 0.0228u(k - 1) + 1.022¢h(k -1)
Ry: Néu h(k —1) 1& H4 vau(k —1) 1& LOW thi:

h,(k) = 0.0805+ 0.018(k —1) + 0.988h(k —1)
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Re: Néu h(k —1) 1a H4 vau(k —1) la HIGH thi:
hy(k) = - 05766+ 0.0264u(k —1) + 1.011h(k —1)

Re: Néu h(k —1) 1& H5 vau(k -1) 1a LOW thi:
hy(k) =-0.4922+ 0.0196u(k —1) + 0.0077(k —1)

Rio: Néu h(k -1) 1& H5 vau(k —1) 1a HIGH thi:
hy(k) =1.1091+ 0.0035(k 1) + 0.990eh(k -1)

DPau ra &ia md hinh ny duoc t6ng hyp theo cong the (1).

3. Két quz mé phing:

Chon tip tin hiu diéu khién dau vao
gom 1000 rdu ban ndu nhién cé dng nhr
hinh 6. Mrc d6 chinh xac ¢a mé hinhdugc
tinh theo cong tinc:

VAF = 100)/0(1 - W_)Y)]

Y: la dau ra @ia k¢ thong va Yy, la dau

ra dr bao tr md hinh.
‘ Dua tip mau dit liéu diéu khién vao
dong thoi trén mo6 hinh wta nhin dang
dugc & trén vadoi tuong dicu khién, ta

nhan duoc cac Kt qua nhu hinh 7a,b va

hinh 8. Trongié:
Hinh 7a 1a Kt qua du bao ndt buéc
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Hinh 6: Tdp miu di liéu diéu khién

vé phia tréc; hinh 7b 1a & qua du bao 20 krdc vé phia tiréc.

Wuc do chinh xac cua mo hinh: 95,994 %
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4. Két luan
Qua Kt qui ¢ trén ta nlin thiy rang: mic di \dn con xidt hign sai ¢ md hinh,dic
biét 1a trong dr bao 20 kxdc ve phia tude, nheng mo hinh trén hoan toan c@t&p ding trong
thLét‘toéndiéu khien du béo.’Ly do chinh vi trong thtitoan MPC, 4m du bao luén co dii han,
khi tam dr bao &ng < dan dén ting thoi gian thec hién thuat toan. Trong pim vi bai bao nay,
tam du bao chi thaydoi trong khaing tr 1 dén 20, trong trng Wi muc do chinh xac ¢a mé hinh
tir 99.9942%ién 99.5138%4-1
Tom tit

_ Diéu khien dr bao theo mo hinh laghtrong nliing ky thuat diéu khien tién’tién duge
nhicu ngroi va chng ntat trong cong ngkép. Trong & thong dicu khien du bao, \an de xay
dung mé hinhddi tuong cé y ngia quy:t dinh dén chat lwong ke diéu khién. Bai baodé xuét
mot phuong phéap xay dng md hinhdéi twong phi tugn ar dung mé hinh iy Takagi-Sugeno.
Céc Kt qua md phong cho thy d6 chinh xac va tinh khthi cia mé hinh.

Summary

Model Predictive Control-MPC is one of popular agsed technologies in industry. In
predictive control system, the plan model decides quality of control system. This article
proposes a method of modelling non - linear plama Takagi-Sugeno model. The modelling
results shows its the precise and possibility.
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