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TOMTAT 
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• BAT VAN BE 

^ Cac phuong phap dieu khiSndu bao phan hai 
, dau ra duoc 4p dung nhilu Irong thuc 16 vln 
I chi dung l?i la diSu khiln dy bao tuyin tinh 

[3] IJ do la vi phSn 1cm cac kit qua nghien 
Cliu ve dieu khiln du bao phi tuyin chi tap 
ining vao phan hdi tr^ng thai [5),[6]. B« vay, 
vi?c ling dung true tilp vao nhiing qua trinh 
cong nghifl) ma d do nhilu biln tiang thai 
kbdng do dugrc la khong thS. 
Bl CO the chuyen dli dugc cac bo dilu khiln 
Ar^bio phSn hii trang thai Uiinh bo dilu 
khien phan hdi diu ra, mot xu huong rit tu 
nhien la su dung them bo quan sat trang thai 
nhlm xac djnh xSp xi trang fliii cua dli tuong 
dilu khiln tu nhimg gia trj tin hieu do duoc 
khic mi * diy chinh la cac tin hieu vao ra cua 
doi tmmg. Bai bao se ttinh bay kit qua nghien 
Cliu xiy dung bo dilu khiln du bao phi tuyin 
phan hoi diu ra flieo nguygn ly tach [2],[7] 
tong do sii dung bp loc Kahnan lam bo quan 
sit trang thai he phi tuyin. Mo hinh phi tuyin 
h? Along con lac ngupc quay sc tugc si dung 
^ thiet ke dieu khiln cho ddi tupug nay. 

• Td. 09S2 235m. Omul: *om»*«wrt@g,ra,y.„„ 

MO HiNH TOAN HE THONG CON LAC 
NGirOC QUAY 

Mo hinh vat ly he con lac ngupc quay dupc 
gidi Alien Iren hinh 1: 

Hinh 1. Md binh vgt ly he con ldc nguac gugy 
He thong nay bao gim: 
Canh tay (Ann): gin vao trac dong co mot 
chieu (DC motor) quay quanh true Aijng 
dung. Con lac (Pendulum): la khdp quay tu 
do gan vao true cua cam biln gdc quay 
(Potentiometer) d diu canh tay, tu do ttong 
mat phang vuong goc vdi cinh tay. Con lie 
khong dn dinh. nd luon dl xuing, ttu khi co 
tec tac dong Aiich hpp vao canh tay. 
Htah 2 li so dd vat ly tuong duong ciia con 
lac nguoc quay. Tir md hiah vat ly nay ngudi 
ta da xay dung dupc md hmh toin cua no co 
dang nhu sau [8],[9]; 
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' C 
!'<a 2 

s m 2 ^ ) 

• i W l S m A j ' 

trong do: 

a(rad). Goc giua canh tay va tryc x 

pijad) Goc quay ciia con lac hucmg len, 

ii{P'W.\'[): Tin hieu dieu khien dongco. 

Cac tham so khac ciia mo hinh giong nhu da 
gioi thicu Irong [8] va [9]. 

Hinh 2; Md hinh tucmg duang he con lac iigicac quay 

Dal bien Irang thar 

'L=U\,^2'h^^Af -{a,a.li.l3f 

Bicn doi mo hinh (2) \-'e dang song tuydn 
(bilmcar): 

( j - r , .C(T) i + D(T)u (3) 

» 3 = ( Q 
H, 2 

i|'fJ4Sin2,r3), 

'•4-('"iVi.(4Sinr3+^77ji^,-.,-2sm2r3) 
A', A-

''S ~^\, ^ = "i|.'?/|Smj-., 

" 6 ^ : 
A (̂A|A -̂̂ 2) 

^ _ k2k)+l.(){k]l^-k2) ^ ^ ^ 

X(z) = 

ro 1 
0 Ky+K^jX'_ 

B{x) = 

' 0 1 

A'4 

(4) 

0 K^+KTI'X2 

C{x) = (0 0), b{x) - 0 

Dau ra 6 day diroc chon la vi tri goc ISc p 

Luong tli' hoa mo hinh lien tuc tren theo thiri 

gian VOl chu ky trich mlu '/; chpn tmoc, ta sc 

dupc mo hinh khong lien tuc tuong img: 

V61 mo hinh toan da duac biSn d6i vS dang 

song tuyen theo trang thai dang khong hen tuc 

nhu (4), tiep theo, ta se tiin hanh Ihi^t k^ bo 

dieu khien phan hoi dau ra cho d6i lucrng con 

lac ngugc quay 

THIET KE BO DIEU KHIEN 

Thiet ke bo dicu khiln phan hoi trang thai 

O phuang phap thidt ki didu kJiicn du bao de 

xuat nay, ta khong su dung true Iicp mo hinh 

phi tuyen (hay song tuyen) cua doi luong lam 
uio hinh 6u bao ma se thuc hicn tuyen linh 
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hoa tung doan he phi tuy&i (hay song tuySn) 

dgc Aieo ttuc thdi gian v i se duoc Amc hien 

« n g Aidi cung vdi budc dich chuy&i cua ciia 

so du bao cd dp rdng hdu han nhu minh hoa d 

Unh H3, teong dd H, la c ic md hmh tuyjn 

tmh dupe su dung dd du bao tin bieu diu ni 

h^ * " ^ phi t n y ^ Aiudc cua sd du bao 

hientai [*,*: +AT], tuc la vdi 0 < i S W . 
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I Cua sd thf bdo tiip theo 

Ciia s^ ihf bdo ttien tai 

^M 

KJ,,, 

^ i + « ^ t » H * l 

Hinh 3. Ugayin if aiiu khiin dif bdo phdn hdt 

trgng thdiphi luyen tren casd tuyin tinh hda tUng 

dogn ma hinh dv bdo 

Vdi bii toan diju khiln phin hdi trang Aiii, 

tiic la vdi gia Biilt ttang Aiai i j 4 Aidi di lm 

* = * 2 ; l i da bilt, he (4) cung a Aidi di lm dd 

se ttd thanh: 

(5) 

(6) 

trong do: 

4 = ^ ( x j , * ) . B i = S ( 5 i , i ) , 

CJ 'C{i^,k),Di, =O(x j , t ) = 0 

lilc nay ted Aianh cac ma tt?n hing. I a se sii 

clung md hinh myln tinh (5) nay dS du bao cic 

tin hieu ra y^^ Aludc cua sd du bao hien tai 

KJhi5u:£-c<, l (a j ,» i . , „ j ^ ^ ) (7, 

All toin bp gia tri d iu ra du bao 
yj^j. 0 s 1 s W se dupc vilt chung lai Aianh: 

ih, 
hn 

.^.N. 

= 
1 '̂ * ] 
CtA 

AA. 

CtA^-'l 

Ex,.+Fp 
'k C^A^'^B,, Di) 

(8) 
teong dd S la ky hieu cua ma ttan cd tal ca 

cac phin tu bing 0. 

Do i j l i da bilt nen y teong (8) chi cdn l i 

ham phu Aiupc p frong dd chua !<; . D l xic 

dinh tin hieu d iu vao a^ a Aidi di lm hien tai 

< = t i ; sao cho he b im Aieo duoc tin hieu ra 

mdu ( a . ) , ta xay dung ham sai lech bam 

ttxing ttian bd cua sd du bao hien tai nhu sau: 

Skti 

vdi z = l^t+i 
-Ex.. 

-Exj.-Fp = z-Fp 

(9) 

la mpt vector da bilt. 

Tu day, vdi muc dich cue tilu hda him muc 
tifiu ve sai lech du bao: 

J ( £ ) - e ' ' A j e + p ' ' i j p 

= z^A,t2-2z^A^Fp + 

/ ( f ^ F + I j l p - , „ ^ 
' p 

'''(P)'-2^'^^„Fp.p^FI•^,FyLX ^ , , „ 
' p 

CO hai ma tean ttpng sd Aj , i j d l i xdng xac 

dtah duong la hiy chpn, ta se ed duoc nghiem 

tdi mi cho ttudug hpp khdng cd rang bupc 

Ul-eU nhu sau [1]; 
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£ =\F' \,J'U ] F\\,z 

Su\ ra tin hieu dieu khien u, can tim 6 thoi 

diem hien tai t = kT^ se id' 

m = ( / © .©)£" 

/ /• r ' r " 0 ' 
= ( / .0 , 0 ) [ F ' . \ , f ^ i , ] f'^.\^z 

Thiel ke bo quan sdl trang thai Kalman ma 
rdng (EKF) 

Loc Kalman ma rong, \iet t^I la EKF. duoc 
hieu la nhung ung dung ciia Ioc Kalman mydn 
tinh (KF) vao hd phi tuydn khong lien tiic, mo 
la boi 

J2i-, L(^i.U,)+i 

\h g^i^K'UO+^i- ^ = ^-2, . (11) 

Da CO nhldu tai hdu nghien cim dd irng dung 
ioc Kalman cho he phi tuydn \ a ciing co rk 
nhicu phicn ban kiiac nhau cua EKF su dung 
cac phuang phap tuyen linh hoa khac nhau 
nhu luyen linh hoa nha phdp doi bien vi 
phoi, luydn tinh hoa xung quanh quy dao tidn 
dmh, luydn tinh hoa cac buoc tinh ben trong 
cua KF Sau day, bai bao se gicri thidu 1 bo 
quan sal EKF su dung phuong phap tuydn 
tinh hoa cac buoc tinh bdn Irong cua KF theo 
c a c i a i h e u [ l ] , [10], [11] va duac cu the hoa 
bang cue buoc cua thuat loan nhu sau-
Dmh nghia hai gia tn can trai x, ( - ) va phai 
.£^ (+) cho gia tn thuc x^ nhu sau 

i ^ ' - ' = / ,(i .- ,(-) .?£,.- ,) 

ir il. ''̂  '̂-"̂  nhldu phan bo chu^n. co ky 

•̂o^g bang 0 (nhidu Gauss). 

Sai lech theo gia tn can phai va trai 

U(- l = I , ( + ) - £ , , £ a - i - i ( ( - ) - £ ; 

Gia In h5 tirang quan can trai vA phai cua .sai lech, 

^^ ' - '^ i ' Ju(+v[(+) | .n(- i= i/j,^(-,,[(_)} 
-^/! } la ky hidu phep lmh lfi\' ky vong 

Thuat toan: Quan sit trang thai he phi tuydn 

bang hd loc Kalman ma r6ng (EKF) 

1) Tuy chpn dieu kien dau J|]=:r|.|(+) va 

Poi+) Gan k = ] 

2) Tinh^^,(-) = / ^ (x^_ , (+ l . . . _ J 

dg^jx^^uQl <VjUi-i-i'w)| 
" — ^ • -^-i"—^T 

n( - )= /^A- inH(+) -^ i - i+*( - i 

/ ) ( + ) = ( / - / r ^ G j P ; ( - ) 

j ) Xual i^ ^i . i (+) la gia tn trang Ihai quan 

sat dugc ciia he (11) a thai didm k Gan 

k .= k + l va quay ve 2 

Hinh 4- Cdu iriic he dieu khidn phan hdi ddu ni 
theo nguven ly tdch 

Kcl hop giua bo didu khien dir bao phan h6i 
trang thai voi bo lpc Kalman ma rong da Ihidl 

kd, ta se co dugc bo didu khidn du bao phan 
hoi dau (a bam theo gia Iri dat nhu mo la 

trong hinh 4 Tidp theo, ta se tidn hanh mo 

phong Iheo de danh gia chdt luong ciia bp 
didu khidn, Trang thai quan sal duac sc dygc 

dira toi bo didu khidn phan h6i trang thai 

KET QUA MO PHONG CHO DOI TUONG 

CON LAC NGUOC QUAY 

Su dung bp cac tham s6 vat ly sau cho he thong 
[theo lai heu [4j, [9]) dd thuc hien mo phong' 

"i | =0,0319(^:5), ;i=0,1572(rn), 
ff^ =0,0636. /f, =0.0706, iT^ =0 0707 
«„ =0,9, iu =0,0312. 7|, =0,008591, 
C,) =0,00640S,,/| - 0 000217, C, =0,000158 

Hinh 5 bieu didn kdt qua mo phong bd dicu 
khien phan hoi d4u ra cho hd eon 15c ngimc 
quay No cho thay viec su dimg thdm bq quan 
sat Irang thai EKF gan nhu khong lam Ihay 
doi chat luang bam gia in dat cua bo didu 
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S t f e ^ i L ' t > ' ^ ? * " ' ' * ' ' " ' * ' ' ' ™ = " " * * ' • Ket 1 ^ =0 ^ toe All hien fren 
f" OM phan hoi dau ra ciing da khang dupc hinh 10. 
tot nhieu dn ttang cd frong h?. 

mnh 5: Kit qud mdphdn^ bg d,iu khiin phdn hdi 

dau ra so sanh vol bv diiu khiin MPC phdn hdi 

trang thdl 

K S T QUA THI NGHIEM 
Tilp tuc ki lm chiing ki t q u i ttln he thing Aii 
nghijm oon l ie ngupc quay, vdi so dd kit ndi 
nhu ttSn hinh 6. 

fflnh 6.- Sa dd kit ndt thlit bi Ihl nghigm 

Rinh 7; V^n tdc cdnh tay vd vdn tdc con lac thuc 
vd quan sdt tgi v; tri phia (ren 

Cic ket qua cjuan sat tr^ng thai (v|n tfic canh 
tay vi v ^ toe con 15c) dugc ihi hien tren 
hinh 7, k£t qua khi su dung bo di6u khign 
phdn h^i trying thai va bp dj^u khign phan h6i 
dau ra de on dinh h^ con 15c nguoc quay a vj 
tri phia tren dugc thfi hi?n trong cac hinh 8 va 

Hinh 8: Goc yd van tSc ciia con lac khi diiu khien 
bang bQ dieu khien dir bdo phdn hdi trgng thai 

ffinh_9: Goc vd vdn tSc cua con lac khi dieu khii 
bang bQ dieu khiin du bdo phdn hoi ddu ra 

Hinh 10: So sdnh gac con lac dufrc diiu khiin 
trong hai trudng hop phdn hdi ddu ra vd phdn hdi 

trgng thdt 

Nh^n xet: K.k qua quan sat trang thai tren 
hinh 7 cho thSy cac trang thai quan sal dugc 
hoan toan tning khop voi cac trang thai thuc 
cua doi tugng. Cac bo didu khidn d^ bao phan 
hoi trang thai va du bao phan h6i ddu ra diu 
dugc kiem. chiing va tha hien kdt qua di£u 
khien on dinh vi tri goc lie tren cac hinh 8 va 
9. vi tri con l5c dugc didu khidn bam theo gia 
tri dat la goc lac bang 0. Hinh 10 cho ta kdt 
qua so sanh ve chSt lucmg Iam viec giiia hai 

189 
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bd didu khidn, bo dicu khicn du bao phan hdi 

dau ra da cho chat lucmg dieu khien Urang 

duang nhu bo didu khien phan hdi trang thai 

KET LU.AN 

Bai bao da lhuc hien ihidt ke bd didu khien 
phan hdi dau ra theo nguyen iy tach trong do 
ung dung bo ioc Kalman ma rong (EKF) dd 
quan sat trang thai cho ddi tugng con lic 
nguac quay Mo hinh phi tuydn cua con lac 
nguoc quay da duoc bidn ddi thanh dang mo 
hinh song tuyen khdng lien hjc de su dung 
lam mo hinh du bao trong bd didu khidn. Tin 
hidu didu khidn duoc linh toan thdng qua 
Ihong qua cue tidu hoa sai Idch bam giua giira 
gia iri dat va gia tn Ihuc Bd loc Kalman mo 
rdng (EKF) lam vide trdn co so luydn tinh hoa 
cac buoc tinh ben trong cua bd loc Kalman 
tuyen tinh (KF) duac su dung dd quan sal 
Irang thai cho ddl luong ddng thai giam thidu 
anh huang eua cac ihanh phin nhieu tSn sd 
eao len chat luong dieu khidn. Cac kdl qua 
md phdng va thi nghiem kidm chung da cho 
Ihay chai luang tuong ducmg \oi bd didu 
khicn du bao phan hoi Irang thai va linh ung 
dung cao cua bd didu khidn du bao phan hdi 
Jau ra vao thuc le, dong then cung da khang 
dmh chat luang bam bdn vung cao voi nhicu 
tan so cao (on IrSng) cua bd didu kJiidn trong 
lhuc le. 
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