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NoOi dung chwong 4
x Gidi thiéu
* U&c lwong thdng so thich nghi
* Diéu khién theo mé hinh chuan
* Hé thich nghi theo md hinh chuan
* Diéu khién tw chinh dinh
* Diéu khién hoach dinh do lo
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Pinh nghia diéu khién thich nghi

* Hé thong diéu khién thich nghi la hé thong diéu khién
trong d6 thdng so cua b diéu khién thay dbi trong
qud trinh van hanh nham gilr virng chat lwong diéu
khién cda hé thdng cé su hién dién cua cac yéu to
bat dinh hodc bién dbi khdong biét trwéde

* Hé thong diéu khién thich nghi cd hai vong hoi tiép:

4 \/ong diéu khién hoi tiép théng thuwong
4 \/ong hoi tiép chinh dinh théng s6

e
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So' dd khéi téng quat hé théng diéu khién thich nghi

Piéu kién
lam viéc

B6 diéu khién
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Phan loai cac so db didu khién thich nghi

* Diéu khién thich nghi truc tiép: thédng sb cla bd
diéu khién dwoc chinh dinh trwc tiép ma khdng can
phai nhan dang dac tinh déng hoc clia doi twong

* Diéu khién thich nghi gian tiép: trwdc tién phai wéc
lwong thdng so cla doi twong, sau do dwa vao thdng
tin ndy dé tinh toan thdng sb cla bd diéu khién.

* Cac so do diéu khién thich nghi théng dung:

4 Hé thich nghi theo mé hinh chuan (Model Reference
Adaptive System — MRAS)

A Hé diéu khién tw chinh dinh (Self Tuning Regulator —
STR)

4 Piéu khién hoach dinh dé loi (Gain Scheduling Control)
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Hé thich nghi theo mé hinh chuan
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Hé diéu khién tw chinh

Tiéu chuan Thong so
thiét ké - dbi turong
Théng so6
diéu khién
u y
4

C
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Piéu khién hoach dinh d6 loi

Piéu kién
lam viéc

Bo diéu khién
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Qui wée biéu dién hé lién tuc

* Hé tuyén tinh lién tuc md ta bé&i phwong trinh vi phan:

n n-1
AT i
m-1
b dd;‘n(t) +b ddtf_(t) foth d‘(‘f) +b u(t)

(Chu y: trong cdng thire trén t 1a bién thoi gian lién tuc, t = 0—o)

*x Dat p la toan t& vi phan: pu(t) =%u(t)

— Phwong trinh vi phan trén co thé viét lai dwdi dang:
a,p"y(®) +a p" "y +...+a,, py(t) +a,y(t) =
b, p"u(t) +b p™ut)+...+b_, pu(t)+b_u(t)
< A(P)Y() = B(p)u(t)

Trong d6:  A(p)=a,p"+ap" +..+a, p+a,
B(p)=h,p" +bp™" +...+1, , p+D,
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Qui wéc bieu dién hé ri rac

* Heé tuyén tinh r&i rac mo ta bédi phwong trinh sai phan:
a,yk+n+ayk+n-)+..+a_y(k+)+a yK) =
b,u(k+m)+bu(k+m-1)+...+b_ u(k+1)+b_ u(k)
(Chu y: trong cdng thirc trén k 1a chi s rdirac, k=0,1, 2,...)
* Dat g 1a toan t& 1am s&m mét chu ky l1ay mau:
qu(k) =u(k +1)
— Phwong trinh vi phan trén co thé viét lai dwdi dang:
3,q"y(K)+a,q" y(k) +...+a,,qy(k) +a,y(k) =
b,g™u(k) +bg™'u(k) +...+b__qu(k)+b_u(k)

< A@Y(K) = B(q)u(k)
Trong do: A(Q) = aoqn T alqn_l t..ta,,g+a,
B(Q) = boqm T blqm_l +...+b,,q+Db,
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Qui wéc bieu dién chung hé lién tuc va roi rac

* Quan hé vao ra trong mién théi gian:
Ay = Bu
Trong cong thirc trén:

> A va B la cac da thirc theo bién p néu hé lién tuc, theo bién
g néu hé roi rac

> U va yla cac ham theo thdi gian t néu hé lién tuc, theo chi
sO k néu hé roi rac

Y B
U A
Trong cong thue trén, G, U, Y, A va B la cac ham:
> Theo bién s (bién Laplace) néu hé lién tuc
» Theo bién z néu hé r&i rac

* Ham truyén: G
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Bai toan nhan dang mé hinh toan cua doi twong

e(k)

u(k) y(K)

* Cho doi twong c6 dau vao u(k), dau ra y(k). Gia st quan hé
giCra tin hiéu vao va tin hiéu ra c6 thé mé ta bang phwong
trinh sai phan:

y(k)+ay(k-1)+...+a,y(k—n)=bu(k-1)+...+ b _u(k —m)+ e(k)
* Giad st ta thu thap dwoc N mau dir liéu:
ZN ={y(),u(l),..., y(N),u(N)}

* Bai toan dat ra 1a wéc lwong théng s6 cua doi twong dwa vao
di liéu vao ra thu thap duorc.
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Mb hinh hdi qui tuyén tinh

* Tin hiéu ra cGa hé thong:
y(k)=—ay(k—-1)+...—a, y(k—n)+bu(k—1)+...+ b _u(k—m) + e(k)

* Pat:
> vector théng s

0=la, ... a, b ... b ][
> vector hoi qui
o(K)=[-y(k=1) ... —yk=n) uk-=1 ... uk-m]
— Quan hé vao ra cua doi twong cé thé viét lai dwdi dang:
y(k) =o' (k)8 +e(k)
* Bd qua nhiéu e(k), ta cé bd dw bao hoi qui tuyén tinh:
J(k,0) =" (k)@
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Bai toan wéc lwong binh phwong toi thiéu

1‘/ (k)
u(k) Y(/:)

-| D6i twong |
é £ (k, )
/

—1{ MO hinh -
( y(k,0)

* Chi tiéu wée lwong binh phwong toi thiéu:

Vy =2 25 (k0) = S [y(k) -¢" (KT
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L&i giai bai toan wéc lwgng binh phwong téi thidu

x Do V |a ham toan phuong nén gia trj € lam V dat cwe tidu 1a
nghiém cua phuwong trinh:

oV,
00 |o_5

= ng(k)[y(k)—ng(k)é] =

= Z(ﬂ(k)Y(k) Z(D(k)(o (k)6

k=K,
~-1F

= o= S pt0p" (0 Z<o<k>y<k>
| kky ]

| k=k,
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Uéc lwong thong so - Thi du 1

* Cho hé r&i rac c6 ham truyén la: G(2) = L
Z+a

Trong do K va a la cac thédng sb chwa biét.

Gia st ta thwe hién thi nghiém thu thap dwoc cac mau div liéu:
u(k)=1{0.3565 2.3867 —0.8574 1.2853 0.1962 }
y(k)=1{0 1.0696 7.5878 0.4628 4.0411}

Hay wéc lwong thédng sb cua doi twong dwa vao div liéu trén.

x Giai:
6o YD _ K Y@ Kz—l_1
U(z) z+a U(z) 1+az

— (1+az )Y (2)=Kz'U(2)
= Y(k)=-ay(k-1)+ Ku(k-1)
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Uéc lwong thong so - Thi du 1

« Dat: p(k)=[-y(k-1) u(k-D]
f=la K]

= Yk =9 (k6
* Cong thirc wée lwong théng sé binh phwong téi thiéu:
A 5 -Ir s
0= {Z p(K)p' (k)} {Z @(K) Y(k)}
k=1 k=1
* Thay s0 liéu cu thé, ta dwoc:

6=[-04 3] = {ii}“
3

z—04
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Ué&c lwong thong so - Thi du 2

* Cho dong co DC, tin hiéu
vao u(k) 1a dién ap phan
(rng, t/hiéu ra y(k) la toc do
quay. Ham truyén rdi rac
cua déng co DC c6 dang:

Y(z) bz+b
U(z) Z+az+a,

G(2) =

Trong do a4, a,, b,, b, cac
thdng sb chwa biét. Gia sy
ta thwc hién thi nghiém thu
thap dwoc cac mau div liéu
nhw dd thi. Hay viét coéng
thire wéc lwong thong sod
cla ham truyén tir div liéu.

u (Volt)

y (rad/sec)

100 L ‘ | |I J Juduggiy il .||-

100 ynmM 1N 8 L FMERAAAAA A0 Annn — ’|-
50

0

-50

o

0 200 400 600 800 1000
Samples

D{ liéu vao ra cua dong co DC
thu thap dworc tw thi nghiém
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Ué&c lwong thong so - Thi du 2

Y(2) _ bz+b, bz +bz”
U(z) z’+az+a, l+az'+a,z’
= (1+az'+a,2°)Y(2)=(bz'+bz*)U(2)
= y(k)=—ay(k-1)—-a,y(k—2)+bu(k-1)+bu(k —2)
* Dat: o =[-yk-) -yk-2) uk-1) uk-2)J
o=la a b b
= YK =9 (k)8

__ [1o000 11000
* Cong thuc wéc lwvgng thdong so - Hz{Z(a(k)(aT(k)} {ng(k)y(k)}
k=3 k=3

* Giai: G(2)=

* Ap dung cu thé véi tap dir liéu da thu thap, ta dwoc:
6=[-1.605 0.6065 0.00177 0.00150]

0.00177z+0.00150
z> —1.605z+0.6065
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U&c lwong binh phwong toi thieu cé6 trong s6

* Chi tiéu wé’c lwong binh phwo’ng tdi thiéu ¢ trong so:

Z,B(N k)e*(k,0) =~ Z,B(N,k)[Y(k)—(DT(k)é’]2
2 kT,

kkO

* Loi gidi bai toan binh phwong toi thiéu coé trong so:
-1

0 = Zﬂ(N K)p(K)p' (k) Zﬂ(N k)¢(k)Y(k)

| k=k, | k=k,
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Uéc lwong binh phwong toi thieu thei gian thuc

* Gia str dén thdi diém k, ta thu thap dwoc k mau di liéu.
* Chi tiéu wéce lwong binh phwong tdi thiéu co trong sb & thoi
diém k la:
v =13 2 20.0) = LS vy — o ()67
=5 2410 =22 Ay - (6]

|=1 =1
* Coéng thirc woc lwong thong so tai thdi diém k:

K

é(k){sz'qo(I Yo' ( )} {Zﬂk'qoa)y(l )}
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Uéc lwong binh phwong toi thieu thei gian thuc

* Dat R(k) = Zk:ﬂk_'(oﬁ o' ()

K

f(k) = 2"p)y()

=1

= 4(k) =R (k) f (k)

* Cong thire tréen khong thé ap dung thoi gian thwe vi khi thoi
gian he thong hoat dong cang dai, sO mau dir liéu sé tang lén,
dan dén tang thoi gian tinh toan va tran bd nho.

= Can cong thirc dé qui khdng can luu trir toan bd cac mau div
lieu va khoi lwong tinh toan khong tang |én theo thoi gian.
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Thuét toan binh phwong toi thiéu tuyén tinh cé trong so6 dé qui

* Thuat toan wéc lwong dé qui:

A(k) =0k —1)+ R (k)e(k)
(k) = y(k)— @' (K)O(k—1)
R(k)=AR(k-1)+@(K)p' (k)

Chuy:
* 1 goi la hé s6 quén (forget factor).
*x Théng thwdng 4 dwoc chon trong khoang 0.98+0.995.
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Chirng minh thuat toan woéc lwong de qui

A(k) =R (k) f (k)
R(K)=> o' () = {Z 2ohe'(l )} +p(K)p' (k)

= {ZZ A p(he' (I )} +o(K)p' (k)

R(k) = 2R(k=D) +@(K)p" (k)
=3 2" p)y() :{iﬁk'w(l)y(l)}w(k)y(k)

- {zz 2oy )} +@(K)y(k)

t (k) = At (k=1 + (k) y(k)
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Chirng minh thuat toan woc lwong de qui (tt)

(k) =R (k) f (k)
= R(K)[Af (k—1) + (k) y(k)]
=R '(K[AR(KK-DOK-1)+p(K)y(K)]
— ﬁ-l(k){[ﬁ(k) —¢(k)¢T(k)]é(k—1)+(0(k)Y(k)}
=0(k-1)+ R (Kp(K)[yk) - @' (KO(K-1)]
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Thuat toan dé qui khong tinh nghich dao ma tran

A(k) =0(k-1)+ R (K)p(K)&(k)
* Pat: P(k)=R (k)

=  PKk)= l P(k—1)— P(k_1)¢(k)¢T(k)P(k—1)
A+¢" (K)P(k-De(k)

_ _ P(k=De(k)
= R (Kek) = A+@" (K)P(K -Dep(K)

* Thuat toan wdc lwong dé qui khéng tinh nghich dao ma tran:

A(k) =0k —1)+ L(K)&(k)

(k)= y(k)— " (k)8(k-1)

(k)= —Pk=Do(k
A+ (KP(K-De(k)

P(K) =1{P(k—1)_ P(k-p(e <k)P<k—1>}
A A+ (K)P(k—-Dp(K)
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PIEU KHIEN THEO MO HINH CHUAN
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Luat diéu khién tuyén tinh néi tiép

v
| n

* Luat diéu khién: u= %(uc -y) < Ru=%8u. -

Cau tric diéu khién tuyén tinh quen thudc & trén cé han ché I3
khéng du linh hoat dé cé thé diéu khién hé thdong kin bam
hoan hao theo mé hinh chuan.
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Luat dieu khién tuyéen tinh tdng quat

u T u y
—f——

A

uC
> u
Ru = TUC — 3/ . PY 4>y

. : T S
x Luat diéu khién: UZEUC_Ey — Ru=Tu, - Sy
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Hé théng diéu khién theo mé hinh chuin

, ‘ . B
* DOI twong dieu khién: yzzu
* Luat diéu khién tuyén tinh tong quat: Ru=Tu_— Sy

* Yéu cau: thietké R, T, S dé dap tng cla hé kin bam theo MH
chuan: B
Ym = _muc

A
B Yim

m

A

u T u
Cc 4E4’®

L[5
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Piéu kién thiét ké HTDK theo mé hinh chuan

* So sanh ham truyén hé kin véi mé hinh chuén:
BT B

Y= UC ym — uc

AR+ BS A,

* Dé dat dwoc dap ng vong kin mong mudn, can cé diéu kién:
» PTDT cua hé kin phai c6 cac cuwc trung v&i cac cuc cua
mo hinh chuan, tic 1a AR + BS phai chia hét cho A
> CA&c zero nam bén trai mat phang phirc ctia B phai dwoc
triét tiéu bdi cac cuc cia hé kin. Gia s cé thé phan tich

B = B*B- (B* monic gdbm cac zero nam bén trai mp phurc),
can co6 diéu kién AR + BS phai chia hét cho B*

= AR+ BS= A A B" (Phuwong trinh Diophantine)
* Dé cb thé khtr B*, R phai co6 dang: R= RB*

= ARB"+B"'B"S=AA B’

= AR + B S=AA,

16 April 2014 © H. T. Hoang - HCMUT 35




Piéu kién thiét ké HTDK theo mé hinh chuin (tt)

* V&i cac diéu kién trén, ham truyén hé kin tré thanh:

y = B'BT y
AAB ¢
* Rut gon B* va so sanh vé&i mé hinh mau:
BT B,
y = u, Ym =7 U
A Ay An
* Diéu kién dé& ham truyén hé kin dung bang mé hinh mau la:
B =B B
T=AB.

* Diéu kién ton tai & gidi bai toan DK theo md hinh chuan:
bac(A,) = 2bac(A)—-bac(A,)—bac(B") -1
bac(A,)—bac(B,) = bac(A)—bac(B)
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Phwong trinh Diophantine

* Dang tong quat phwong trinh Diophantine (hay con goi 1a
phuwong trinh Bezout)
AR+BS=A_

* Phwong trinh Diophantine ¢é vé s6 nghiém

* Néu R, va S, la nghiém ctia phwong trinh Diophantine thi
R=R,+QB
S=§ -0QA

cling 1a nghiém cda pt. Diophantine, v&i Q la da thirc bat ky

*x Phwong phap don gian tim nghiém pt. Diophantine:
» Chon bac cua da thirc R va S phu hop
> Can bang cac hé so clia phuong trinh Diophantine sé tim
dwoccachésdcuaRva S
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Trinh tw thiét ké bd didu khién theo mé hinh chuén

Poi twong: y:%u M6 hinh chuan: Ym = U

A,
x Bwdée 1: Phan tich Bdwdidang: B=B'B-
* Buwérc 2: Kiém tra MH mau c6 thda man d/kién ton tai I&i giai:
B. =B B
bac(A,)—bac(B,) = bic(A)—-bac(B)
* Buwérc 3: Chon bac ciia A, thda man diéu kién ton tai 1oi giai:
bac(A,) = 2bac(A)—bac(A,)—bac(B")-1
* Buwdrc 4: Chon bac cua Sva Ry:
bac(R)=bac(A))+bac(A,)—bac(A)
bac(S) = min{bac(R) +bac(B)],[bac(A)+bic(A,)~bic(B)j
* Bwére 5: Tinh S va R, bang cach giai p/trinh: AR + B"S= A A,

* Buéc 6: TinhRva T R=RB" T=AB,
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Chuy

* Khi thiét ké bd diéu khién theo md hinh chuan cho hé lién tuc:
> Da thirc B* chlra cac zero nam bén trai mat phang phirc,
hé sO cb bac cao nhat cua B* bang 1.

> Can chon da thirc Ay(p) va R,(p) co tat ca cac nghiém nam
bén trai mat phang phurc.

* Khi thiét ké bo diéu khién theo mé hinh chuan cho hé roi rac:
> Da thirc B* chlra cac zero nam bén trong vong tron don vi,
hé sb c6 bac cao nhat cua B* bang 1.

> Can chon da thirc A,(q) va R,(q) co tat ca cac nghiém nam
bén trong vong tron don vi.
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Piédu khién theo mé hinh chuan - Thi du 1

p+2
P’ +6p+5
Hay thiét ké luat DK tuyén tinh tong quat: Ru(t) = Tu,(t) - Sy(t)
sao cho dap &ng cta hé thong kin bam theo mé hinh chuan:

u(t)

* Cho doi twong diéu khién lién tuc: y(t) =

Ym{0) = p2+:%6p+16u°(t)
B, Ym(1)
. A .
u(t u(t B t
0] T ® (t |7 I
S -
R
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Piéu khién theo mé hinh chuan - Thi du 1
x Giai:
x Budce 1: Phan tich B dwdi dang: B=B"B~

N {B = (p+2)

B =1
* Budc 2: Kiém tra cac diéu kién ton tai l&i giai:
B,.=B B, = B,=16
bac(A,)—bac(B,) = bac(A)—bac(B)
3 6z 1
x Bwdce 3: Chon bac Ay
bac(A,) = 2bac(A)—bac(A,)—bac(B")-1=0
——
= Chon bac A;bang0 = A, =1
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Piéu khién theo mé hinh chuan - Thi du 1
x Buwdc 4: Chon bac R, va S:
bac(R) = bac(A)+bac(A,)~bac(A)=0+2-2=0

bac(S) = min{{bic(R )+ bac(B*)],[bic(A) +bic(A,) — bic(B)]f
= min{[0+1],[0+2-0]}=1

R =T,
—
{S=%p+a
* Bwdc 5: Tinh S va R, bang cach giai phwong trinh Diophantine:
AR +B S=AA,
= (P +6p+35),+(§P+S)=(p" +8p+16)
= r,p>+(6r,+s)p+(r,+s)=(p° +8p+16)

1, =1 B

= 5,=2 — =1
0 S=2p+11
s =11
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Piéu khién theo mé hinh chuan - Thi du 1

* Budc6: TinhRva T:
R=RB"
T =AB,

—

—

R=(p+2)
T=16

Két luan: Hé thdng DK theo md hinh chuan sau khi thiét ké:

Uc(f)

16

Ym()

16

16 April 2014

p+2

p°+8p+16

@ U(t)

=

L

2p+11

p+2

© H. T. Hoang - HCMUT 43




Piéu khién theo mé hinh chuan - Thi du 1
* M6 phong hé thong BK theo mé hinh chuan dung Matlab

=] MRC_SecondOrde rSystem |Z||E|E|
Eile Edit Wew Simulation Format  Tools Help
O = E & 2 4 |N|:|rrna| j o ] S

Reference Model

Gt

Bm/Am

Plant : I — [ ]
BIA
SIR

Ready 125%: odes
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Piéu khién theo mé hinh chuan - Thi du 1

L o 4o N ow A
~ 0

! ! | |
0 5 10 15 20

© Két qua mo phéng: Dap (rng clia hé thong bam theo mé hinh
chuan mot cach hoan hao néu thong s6 cua doi twong ding
bang tri danh dinh khi thiét ké
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Piéu khién theo mé hinh chuan - Thi du 1

1.5

2.5
21
1.5
1

W W

0.5}
ol

N N

!
0 5

! !
10 15 20

® Keét qua mo6 phéng: Bap (rng clia hé thong khong bam tot theo
mé hinh chuan néu théng sb clta dbi twong thay ddi khac gia
tri danh dinh khi thiét ké
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Piédu khién theo mé hinh chuan - Thi du 2

p+5 J
p(p° +4p+13)

Hay thiét ké luat DK tuyén tinh tong quat: Ru(t) = Tu,(t) - Sy(t)
sao cho dap &ng cta hé thong kin bam theo mé hinh chuan:

(1)

* Cho doi twong diéu khién lién tuc: y(t) =

180
ym(t) o (p+20)(p+3)2 uc(t)
B, Yml1)
- An -
u(t T u(t B t
O I 4»@ (t) 1= . y(1)
S <
R
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Piéu khién theo mé hinh chuin - Thi du 2
x Giai:
*x Bwoc 1: Phan tich Bduwdi dang:B=B"'B~

N {B*=(p+5>
B =1

* Budc 2: Kiém tra cac didu kién ton tai 1o gii:
B.=B B, = B =180
bac(A,)—bac(B,) = bac(A)—bac(B)

3 0 3 1

x Bwdce 3: Chon bac Ay

bac(A) = 2bac(A)-bac(A,)—bac(B")-1=1
3 3 1
= Chon bac A, bang 1 = A =p+l
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Piéu khién theo mé hinh chuin - Thi du 2
x Buwdc 4: Chon bac R, va S:
bac(R)=bac(A)+bac(A)—bac(A) =1+3-3=1
bac(S) = min{bac(R) +bic(B)L[bac(A) +bic(A,) - bic(B)]f
= min{[1+1],[1+3-0]}=2

— {Rlzrop2+r1
S=5p +Sp+s,

* Bwdc 5: Tinh S va R, bang cach giai phwong trinh Diophantine:
AR +B S=AA,
= p(p* +4p+13)([Tp+1)+(SP° +§P+S,)=(p+1)(p+20)(p+3)°
= r,p*+@r,+r)p’ +(13r,+4r,+s)p> +(13r, +S)p+S, =
p*+27p’ +155p° +309p+180
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Piéu khién theo mé hinh chuin - Thi du 2

(r():l (r():l
ar,+1, =27 r =23
R =p+23
— {13r,+4r,+5, =155 = 15 =350 :>{
3145 2309 s=l0  S=50p"+10p+I80
'S, =180 'S, =180

* Bwdoc 6: Tinh Rva T:
R=RB" = R=(p+23)(p+5)
T=AB, = T=180(p+])

Kétluan: S=50p>+10p+180
T =180(p+1)
R=(p+23)(p+))
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Piéu khién theo mé hinh chuin - Thi du 2

Hé thong diéu khién theo mé hinh chuan sau khi thiét ké:

180 Ym()
(p+20)(p+3)°

u(t) 180(p+1) u(t) . y(f)
50p° +10p+180
(P+5)(P+23)
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Piéu khién theo mé hinh chuin - Thi du 2
* M phong hé thong DK theo mé hinh chuan dung Matlab

=l MRC_Example2

File Edit Wiew Simulation Format Tools  Help

D dES & 2Rz -|N-:|rma| L]@ Y= s

Reference Model

- ym

BmiAm

Plant I L’ D

uc TIR BIA

SR

Feady 125% odes
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Piéu khién theo mé hinh chuin - Thi du 2

B! ! ! ! |
0 5 10 15 20

© Két qua mo phéng: Dap (rng clia hé thong bam theo mé hinh
chuan mot cach hoan hao néu thong s6 cua doi twong ding
bang tri danh dinh khi thiét ké
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Piéu khién theo mé hinh chuin - Thi du 2

-A | | | |
0 5 10 15 20

® Keét qua mo6 phéng: Bap (rng clia hé thong khong bam tot theo
mé hinh chuan néu théng sb clta dbi twong thay ddi khac gia
tri danh dinh khi thiét ké
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(Model Reference Adaptive System — MRAS)
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HE THICH NGHI
THEO MO HINH CHUAN
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Han ché caa HTDK theo mé hinh chuan

u) | —
B0 diéu knién || BBi twong |
‘ u(t)

* Chat lwong diéu khién khong ddm bao bam theo mé hinh
chuan khi:

> khong biét chinh xac thong s6 doi twong
> hodc théng s6 dbi twong thay dbi trong qua trinh hoat déng
— Didu khién thich nghi theo mé hinh chudn (MRAS)
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So’ d6 khoi hé thich nghi theo mé hinh chuan

—

uc(t) Y
*— Bo didu khién - Ly
| u(t)

* Co cau chinh dinh cé chirc ndng cap nhat thong sd clia bo
diéu khién de dam bao dap trng cua hé thong bam theo mé
hinh chuan khi théng s6 dbi twong thay doi
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Phat biéu bai toan MRAS

. X X B
x DOi twong dieu khién: y(t) = Zu(t)

X B
* M6 hinh chuan: Y. (1) = Emuc(t)

* Luat diéu khién tuyén tinh tong quéat:
Ru(t) = Tu (t) — Sy(t)
* Sai sb gilra ngd ra doi twong va ngd ra mé hinh chuan:

&(l) = Y(1) — Yn (D)

* Yéu cau: xac dinh cau tric (hay bac) cla cac dathtc R, T, S

va tim luat cap nhat cac théng s6 cua R, T, S sao cho:
e(t)—>0
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Chon cau truc cua bo dieu khién tuyéen tinh tong quat

Ue(l)

16 April 2014

| Bn Ym(?)
A,
T u(t) B y(t)
R _’® T A ~
L I3
R

* Bac cua cac da thirc R, T, S dwoc chon sao cho:
> diéu kién ton tai |0 gidi bai toan dieu khién theo mé hinh
chuan dwoc thoa man
> phwong trinh Diophantine c6 nghiém

* Dat vector thong sb cua bd diéu khién 1a 9:

.
O =[r), 15Ty 5 Lot by 5 S5 Soeer Sy

Ng, Mg, My twong rng la bac cua cac da thirc R, S, T
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Luat MIT

* Chon chi tiéu chat lwong: J = le2

Can tim luat cap nhat théng sb sao cho: J — min

* Luat MIT (do Massachusetts Institude of Technology dé xuat):

% — _7,6@ (7/ > O)
dt 06
Dé thay v&i luat MIT, ta cé:
T T
T
at 06 at 00 | | 060
— J gidm dan theo th&i gian dén gia tri cuc tiéu

* D& thye hién luat MIT can xac dinh biéu thirc sai s6 va dé
nhay cua sai s6 theo thdng sb6 cua bd diéu khién
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Sai sé gitra tin hiu ra ciia hé théng va mé hinh chuin

| Ba YD)
A,
ug(t) T u(t) B y()
— = —R) 1 A 4
L[5
R
* Tin hiéu ra hé thdng diéu khién kin: y(t) = LIy (1)
' ' | AR+BS °
* Tin hiéu diéu khién: u(t) = Al u,(t)
AR+ BS

* Sai s gitra tin hiéu ra cia hé thong va mé hinh chuan

(1) = V(O = Yo 0) = 5 U (D) —%uc t
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P6 nhay cua sai so theo thong so6 cua bd PK

* Ap dung qui tac lay dao ham riéng phan, suy ra:

My i _
AL (i=0,.,m)
ot AR+ BS

2 Mg - Mg -
E:— B7Tp ~U, =— Bp y (1=0,.,m)
os.  (AR+BS) AR + BS
oe  BTAp™" Bp™™

— = u. =— u 1=1,...,N
or, (AR+ BS)’ AR+ BS ( <)

e
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Luat MIT cu thé cho tirng thong so

* Luat MIT cu thé cho trng thédng sb clia bo diéu khién:

dt Bp™™ -

dt ye(AR + BS Cj o
dS Bpms—i .

et | =0,..., M
dt ﬂ{AR + BS yj ( <)
dr Bp"<~ _

— = =1,...

dt ﬁ(AR+ BS uj (=1 e)

® Khong thé ap dung céc cong thirc trén dé cap nhat thong so
cla bod diéu khién do ta khéng biét A va B

¢ Can tim cong thirc gan dung khéng lién quan dén A va B
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Thiét ké& luat MIT gin dung cho hé MRAS
* Dé dap rng cda hé kin bam theo mé hinh chuan, & trang thai
xac lap ta co diéu kién:
AR+ BS=AA B trongdé B=B'B~
* Néu B khong c6 nghiém bén phai mat phang phirc: B-= hang so = b,

= C06 thé gop |by| vao hé so thich nghi y, va chu y dén dau cla by
trong cac cong thirc cap nhat thong s6 b dieu khién .

* Luat MIT gan dung cap nhat théng so:
My —i
dt, _ﬁ(sgn(bo) P ucj (i =0,..,m)

dt AA,

ds, [ sgn(b)p™ 0
) o
dr, sgn(bo)an_i

pra AA u (=1..,Ny)
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Trinh ty thiét ké BDK thich nghi theo mé hinh chuan

Doi twong:y(t) = %u(t) M& hinh chuan: y(t) = %uc(t)

x Bworc 1: Phan tich B dwéi dang: B= BB~
* Buwérc 2: Kiém tra MH chuan c6 théda man d.kién ton tai I&i giai:
B. =B B_
bac(A,) - bic(B,) 2 bic(A) - bic(B)
* Buwore 3: Chon bac cua A, :
bac(A)) = 2bac(A)—bic(A,)-bac(B") -1
* Bwoc 4: Chonbaccua R, T, S:
N,=bac(R) = bac(A))+ bac(A,)—bac(A) + bac(B™)
m, =bac(T) = bac(A))+ bac(B;)
mg=bac(S) = min {bac(R),[bac(A) + bic(A,) — bic(B )]
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Trinh ty thiét ké BDK thich nghi theo mé hinh chuan

* Buwdrc 5: Viét cu thé luat MIT gan dang cép nhat tirng thong
sO sr dung cbng thirc:

dt sgn(b,)p™" .

b I =0,...,

ds _(sen(h)p™ _

—1 =g y (1=0,..,m)
a1 AA, S

dr (sgn(b,)p™” j .

— =€ u (1=0,...,ny)
dt "L AA, "

* Buwére 6: M6 phéng hé thdng, chon hé sb v phu hop

* Chu y: Trong mét sb trwdng hop don gidn, khi co thé xac dinh
dwoc ngay bd diéu khién co6 cau trac phu hop thi khédng can
thwe hién cac bwdc 1-4. S dung luat MIT tdng quat dé rat ra
luat cap nhat thédng so
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DK thich nghi theo mé hinh chuén — Thi du 1

b
pD+a
Gia sl ta khéng biét chinh xac a va b
* Yéu cau: Thiet ke hé thong dieu khién thich nghi sao cho dap
trng cua hé thdng bam theo mé hinh chuan:

Ym(t) = U, (1)

* Cho dbi twong diéu khién: y(t) =

u(t)

p+2
*x Giai: )
* Bwdc 1: Phan tich Bdwéidang B=B'B~ — {: :1b
* Budc 2: Kiém tra MH chuan c6 théa man d.kién ton tai l&i giai:
B -=BB. = B.=2/b
bac(A,)—bac(B,) = bac(A)—bac(B)
1 0 1 0
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DK thich nghi theo mé hinh chuén — Thi du 1

* Budc 3: Chon bac cua A, :
bac(A))=2bac(A)—bac(A,)-bac(B")-1 =2-1-0-1=0
= Chon A, =1
* Bwdc4: ChonbaccuaR, T, S:
bac(R)=bac(A))+bac(A,)—bac(A)+bac(B")=0+1-1+0=0
bac(T)=Dbac(A)+bac(B, )=0+0=0

bac(S) = min{bac(R),[bac(A))+Dbac(A,)—-bac(B )]}
=min{0,[0+1-0]} =0

— Luat diéu khién : r,u(t) =t,u (t)—s,y(t)
* Khéng mat tinh tong quat, chon: r, =1

* Vector thdng sO can cap nhat la: d=[t,,s,]'
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DK thich nghi theo mé hinh chun — Thi du 1

Uc(f)

Ym()

16 April 2014

y(t)
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DK thich nghi theo mé hinh chuén — Thi du 1

* Budc 5: Viét cu thé luat MIT gan dung cap nhat tirng théng so:

& Amn e
= uc = uc
at p+a. p+2
ds, I B 1

u _%pwm yj_y{pwyj

trong do sai sO gitra ngd ra doi twong va ngd ra mé hinh
chuan:

&) = Y(1) =~ Y (V)

16 April 2014 © H. T. Hoang - HCMUT 70




DK thich nghi theo mé hinh chuén — Thi du

-

"} =8 ol =54
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DK thich nghi theo mé hinh chuén — Thi du 1

-5

- [

0 20 40 60 80 100

* Két qua BK thich nghi: sau 1 vai chu ky cap nhat thong s0,
dap trng cla hé thong DK da bam rat tot theo mé hinh chuan
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PK thich nghi theo mé hinh chuén — Thi du 2

* DOi twong diéu khién: y(t) = b u(t)
p(p+1)

Trong do6 b 1a thong sd chuwa biét cta ddi twong.
Gia st b thay dbi trong mién [0.1+10]

* Yéu cau: Thiet ké hé thong dieu khién thich nghi sao cho dap
trng cua hé thong bam theo mé hinh chuan:

1
Y1) =—; u.(t)
Pp"+p+1

x Giai:
* D& thay bd diéu khién ti 1&: u(t) = K(u_(t) - y(t))
la phu hop v&i bai toan nay vi tin hiéu ra cda hé thong kin la:
Kb
t) = u. (T
y(t) o+ p1 Kb ()
— C6 thé chinh dwoc K dé dap &rng hé kin giong mé hinh chuan
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PK thich nghi theo mé hinh chuén — Thi du 2

1 Ym()

p°+p+l1

Uc(f)
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PK thich nghi theo mé hinh chuén — Thi du 2

* Sai sO gilra tin hiéu ra cda hé kin va tin hiéu ra cia mé hinh:

bK 1
)= — u.(t
&) {p2+p+bK p2+p+l} (D)

* Luat MIT cap nhat théng s6 bd diéu khién:

2
F—iﬁ trong do o€ _ 123(p ) Uy
oK (p~+ p+DbK)

L !

2
* Dé thay rang: u(t) = — b~ pbK U, (t)

P+ P+

oK b
- - _ u
ot P’ + p+bK
* Chu y la khéng thé dung cong thirc trén dé cap nhat thong sb

bd didu khién vi ta khong biét b.
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PK thich nghi theo mé hinh chuén — Thi du 2

* Xap xi luat MIT:

> chu y rang trang thai toi wu, da thirc dac trwng clia hé thong
diéu khién vong kin ddng nhat bang da thirc dac trwng cua
mé hinh chuan, tec la:
p’+p+bK=p>+p+l1

> Gop thdng sO b & t 50 clia cac cdng thirc cap nhat thong
sO bo diéu khién vao hé sb thich nghiy

— Luat MIT gan dung cap nhat théng s6 bd diéu khién nhw sau:

ey
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PK thich nghi theo mé hinh chuén — Thi du 2
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PK thich nghi theo mé hinh chuén — Thi du 2
Két qua mé phdng khi b =0.1

2 I l I
N N VN
0 d i
-1 D #-—/ V—J - _
.
—_—Y
2 | | | | |
0 50 100 150 200 250 300
20 I I
10 - -
0
-10 -
—
_20 \ \ \ \ \ \
0 50 100 150 200 250 300
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Két qua mé phdng khi b =1.0

PK thich nghi theo mé hinh chuén — Thi du 2

2 |
0 \ -
1 L,\—-_J H r-l P~ _
V—y
— Y
-2 \ \ \ \ \ |
0 50 100 150 200 250 300

16 April 2014
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Két qua mé phdng khi b =5.0

PK thich nghi theo mé hinh chuén — Thi du 2

0.4,

0.2 -

0=

-0.2 -

0.4
0
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Két qua mé phdng khi b =10.0

PK thich nghi theo mé hinh chuén — Thi du 2

0.2

0.1+

-0.1 -

0—\

-0.2
0
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DK thich nghi theo mé hinh chuén — Thi du 3

« D6i twong didu khién: y(t) = ———>—u(t)
pP-+bp+c

Trong doé a, b, va c la cac thdng sd chwa biét ciia doi twong.
Yéu cau: Thiét ké hé thdng diéu khién thich nghi sao cho dap
trng cua hé thong bam theo mé hinh chuan:

16
t) = U, (t
Y (D) 1 8p 116 (D)

x Giai:
x Bwoc 1: Phan tich Bdwéidang B=B'B- = {

* Budc 2: Kiém tra MH chuan c6 théa man d.kién ton tai l&i giai:
B =BB = B, =16
bac(A,)—biac(B,) = bac(A)—biac(B)
s IV
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DK thich nghi theo mé hinh chuén — Thi du 3

* Budc 3: Chon bac cua A, :
bac(A))=2bac(A)—bic(A,)-bac(B")-1 =4-2-1-1=0
= Chon A =1
* Bwdc4: ChonbaccuaR, T, S:
bac(R)=bac(A)+biac(A,)—bac(A)+bac(B")=0+2-2+1=1
bac(T)=bac(A)+bac(B )=0+0=0

bac(S) = min{bac(R),[bac(A,)+bac(A,)—bac(B )]}
=min{l,[0+2—-0]} =1

— Luat diéu khién : Ru(t) =Tu,(t)— Sy(t)
* Khéng mat tinh tong quat, chon: r, =1

* Vector théng sb can cap nhat 1a: 8 =[r,.t,,s,,s 1"
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DK thich nghi theo mé hinh chuén — Thi du 3

16 Ym(1)
p°+8p+16

Uc(f)
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DK thich nghi theo mé hinh chuén — Thi du 3

* Budc 5: Viét cu thé luat MIT gan dung cap nhat tirng théng so:

dt, 1

—_V — _ uc
dt (p>+8p+16)
d_f P

dt P> +8p+16

os [ 1)
dt p°+8p+16 "

a_f L
ot p°+8p+16
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DK thich nghi theo mé hinh chuén — Thi du 3

=] MRAS_Example3 (=13
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Diéu khién thich nghi theo mé hinh chun — Thi du 3
Két qua mo phong khi a=2.0, b =6.0, ¢ =5.0

1 r— ] f—|
y g \ - L — ym

J
0 25 50 75 100

8
4 _
4 _
—u
-8
0 25 50 75 100
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Khuyét diém cta hé MRAS dung luat MIT

* Khong dam béo tinh 6n dinh clia hé thong kin trong qua
trinh thich nghi (qua trinh cap nhat théng so)

* Khong dam bao théng so6 clia b dieu khién hoi tu dén
thdng s “dung” cho du chon cau truc diéu khién phu
hop.

* Chat lwgng dieu khién clia hé MRAS bj anh hudng bj gia
tri Kh&i dau cua cac thong so.

* Chat lwong hé thong diéu khién thich nghi theo mé hinh
chuan phu thudc vao hé so thich nghi vy

» v nho: hé thich nghi cham
> v 1&n: hé thich nghi nhanh nhwng c6 thé gay mat 6n
dinh
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(Self Tuning Regulator — STR)
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Khai niém vé hé diéu khién tw chinh

* Qua trinh thiét ké hé thong diéu khién gom 2 buédce chinh:
> M hinh héa/nhan dang mé hinh cuia doi twong
> Thiét ké bd diéu Ighién (c6 thé la PID, phan bd cuc,
toan phup’ng tuyén tinh — LQ, diéu khién theo mo
hinh chuan — MRC,...) dwa trén moé hinh toan da nhan
dang
* Hé dieu khién tu chinh & hé thong duorc thiét ké nham
thwc hién trwec tuyén dong thoi hai nhiém vu:
> nhan dang théng s6 md hinh
> tinh toan luat diéu khién
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So db khéi téng quat hé diéu khién tw chinh

Tiéu chudn

thiét ké Théng sb6 dbi tuong

Théng so
diéu khién
u y
Bo diéu khién
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Hé didu khién tw chinh tryc tiép

0.

u
—— B0 diéu khién LY
—1_ G:(6.(K) u

* Hé diéu khién tw chinh truc tiép: wéc lwong truc tiép,thc“mg s
bd DK ma khéng can nhan dang mé hinh toan cua doi twong.

* Néu tiéu chuan uéc lveng 1a toi thiéu sai 1éch gitra t/hiéu ra
cda d/twong va MH chudn = MRAS (da dé cap & phan trwéce)
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Hé didu khién tw chinh gian tiép

A(k)

k Y
W B6 didu khién | k)
1 G(6.(K) | u(k)

* Hé DK ty chinh gian tiép: wéc lwgng trirc tuyén théng s6 mod
hinh déi twong, sau dé tinh toan thédng s bd DK dl_J’a’ vao
thong s6 m6 hinh wéc lwgng dwgc = sé trinh bay tiép theo
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Trinh tw thiét ké bé diéu khién tw chinh gian tiép

* B 1: Viet cac cong thirc wéc lugng binh phwong toi thiéu
dé q‘ui dé cap nhat triec tuyén thdéng sbé cua doéi twong (ham
truyén hoac phwong trinh trang thai).

* Bworc 2: Viét b,iéu thirc xac dinh luat diéu khién l1a ham cla
tham s6 cua doi twong da cap nhat & buwdce 1.

> Diéu khién PID

> Diéu khién theo mé hinh chuan
> Diéu khién phan bb cuc

> Diéu khién LQR

> ...

* Burérc 3: M6 phéng hodc thuc nghiém chon hé sO quén cla
giai thuat wéce lwgng binh phwong toi thieu phu hop.
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Piéu khién tw chinh gian tiép — Thi du 1 — P

* Cho doi twong bac 1 co thdng s6 chwa biét, rdi rac héa doi
twong v&i chu ky 1ay mau T = 0.1 (sec) ta dwoc ham truyén co
dang: b

y(k) =——u(k)
g+a
Hay thiét ké bd diéu khién PI tw chinh sao cho hé thdng kin

co cap cwe phire voi £=0.707 va o, =4 .
el

r(k) KT z+1
2 z-1

|
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Diéu khién tw chinh gian tiep — Thi du 1 — Pl

x Giai:

* Buwéc 1: Xay dung céc cong thirc woc lwong truc tuyen
théng s6 ham truyén roi rac cua doi twong:

> Ta co: v o hy
Gp-Y@_ b _ bz
U(z) z+a 1+az

= (1+a,z2")Y(2)=(bz"HJ (2
= Y(k)=—ay(k-1)+bu(k-T1)
> pat. oK) =[-y(k-1) uk-DJ
g=[a bl
= y(k) ="' (k)@
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Piéu khién tw chinh gian tiép — Thi du 1 — P

> Thuat toan wéc lwong binh phwong toi thiéu dé qui:
A(k) = O(k—1)+ L(K)e(k)

(k) = y(k)— @' (K)d(k-1)
L(k) = If(k—l)(ﬁ(k)
A+ (P(k—Dp(k)
P(K) = l{P(k—l) _Pk=Dee (kP(k-1)
A+ (K)P(k-De(k)

Trong do: 90 =rand(2,1)

P0)=1,,
Chay thuat toan wdc lwong tham sé truc tuyén, & thoi diém
k ta dwoc: d(k)=[a b
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Piéu khién tw chinh gian tiép — Thi du 1 — P

* Buworc 2: Thiét ké bo diéu khién Pl dwa vao théng s6 ham
truyén nhan dang ¢ budc 1

> Ham truyén bd diéu khién PI:
K, T z+1
2 z-1
» Phwong trinh dac trweng cua hé kin:
1+G.(2)G(2)=0

. 1+(KP+K'T z+1j bA 0
2 z-1)\z+a

= 22+ (bK, +0.25bK, +&-1)z+(0.25bK, —bK, -&)=0 (1)

G.(2) =K, +
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Piéu khién tw chinh gian tiép — Thi du 1 — P

> Cap cwc phirc mong muon:
z,=re’’
r=exp(-Téw,)=0.754
0 =Tw,1-& =—0.2828(rad)
= 7z, =re’'? =0.754e"1%2"
= 7, =re?=0.7241 j0.210
> Phwong trinh dac trwung mong mudn:
(z2-2)(2-2,)=0
— (2-0.724—j0.210)(z=0.724 + j0.210) = 0
= 7°-1.44747+0.5680 =0
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&) bi

eu khien tw chinh gian tiép — Thi du 1 - PI

> Can bang (1) va (2)

i

DK, +0.05bK, +A—1=—1.447
0.05bK, —bK, —&=0.568

K, =1.21/b

16 April
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Piéu khién tw chinh gian tiép — Thi du 1 — P

[Z1STR_Example1_PI M=0(E3
File Edit Wew Simulation Format Tools Help
0= EHS P |N|:|rmal j ik = = LR

LMS Estimation

- =

ooon
ad
- Scope
r Self Tuning P
Pl Controller
Ready 125%, FixedstepDiscrete

M6 phong hé thong diéu khién PI thich nghi gian tiép
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Piéu khién tw chinh gian tiép — Thi du 1 — P

E! 5TR_Example1_PI/LMS Estimation

File Edit ‘iew Simulation Format Tools  Help

B=]E

O =& » Moarmal IR BRE G ®
x [
‘—
. L(k)e(k)
r—»| Matrix ek)
I_' Multiply theta(k)
[:] theta=[a, b]’
theta(k-1)
—» Matrix
w{Multiply
i hi".P.phi i
_"'M“:I"I‘:Ir;fv PALE-PAL 1 | amdatphi’.P.phi
phi(k-1)".P(k-1) | Matrix
L { Multiply P X
% . =
e+ P Matrix -
P[k:l P(k-") | Multiply
P(k-1).phi(k-1)
0.95 - X
_'. -
lamda
L(k)
Ready 125% FixedStepDiscrete
Khoi wée lwong binh phwong toi thieu dé qui
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Piéu khién tw chinh gian tiép — Thi du 1 — P

=) STR_Example1_PIl/Self Tuning Pl Controller

Eile Edit Yew Simulation Format Tools Help

O =2 ES L 4 |N|:|rrnal ﬂ@ B E W

)

theta

theta=[a1,b1]’

Kp

pﬂf@

Saturation

o] Tz
2(z-1)

Discrete-Time
Integrator

FixedStepDiscrete

B6 diéu khién Pl voi cac hé §6 Kp, Ki
tinh theo thdng so cua doi twong
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Piéu khién tw chinh gian tiép — Thi du 1 — P

2 | | | |

Time (sec)

Pap rng cla hé kin sau 1 chu ky diéu khién dat dwoc

chat lwong mong mudn twong trng v&i cdp cwe phire da chon
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Piéu khién tw chinh gian tiép — Thi du 2

* Cho doi twong bac 2 co thong sb chwa biét, r&i rac hoa d‘éi
twong v&i chu ky lay mau T = 0.2 (sec) ta dwoc ham truyén
co dang: +b

y(k) = 290
q +aQ+a,
Hay thiét ké bd diéu khién tw chinh gian tiép sao cho dap tng
cla hé thong kin bam theo mé hinh chuan:
4
S* +4s+4

u(k)

G, (8) =

*x Giai:
* Roi rac héa mé hinh chuan, ta duoc:
G (2)=(1— ZI)Z{Gm(S)} _ 0.06152+0.0471

S 2> —1.3412+0.449
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Piéu khién tw chinh gian tiép — Thi du 2

* Buwére 1: Xay dwng cac cong thirc wdc lwong truc tuyén
thédng s6 ham truyén roi rac:

> Ta co:
Y(z) bz+b,  bz'+bz”

U(z) Z+az+a, l+az'+az’

G(2) =

= (I1+az'+a,2°)Y(2)=(bz'+bz*)U(2)
= y(k)=—ayk-1)—-a,y(k-2)+buk-1)+bu(k-1)
> Pat oK) =[-y(k-1) -yk-2) uk-1) uk-2)[

9:[31 a, b bz]T
= y(k)=9¢' (k)@
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Piéu khién tw chinh gian tiép — Thi du 2

> Thuat toan wéc lwong thdong s ddi twong:
A(k) = (k-1) + L(K)&(k)

(k) = y(k)— @' (K)d(k-1)
L(k) = E’(k—l)(ﬁ(k)
A+@ (K)P(k-De(k)
P(K) = l{P(k—l) _Pk=De(e (k)P(k-1)
A+@ (K)P(k-Dep(k)

Trong do: 90 =rand(4,1)

P0)=1,,
Chay thuat toan wéc lwong tham sbé trwc tuyén, & thdi diém
Kla duoc 6)=[a & b b
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Piéu khién tw chinh gian tiép — Thi du 2
* Buwérc 2: Thiét ké bd diéu khién theo md hinh chuan dwa vao
thdng s6 ham truyén nhan dang & budc 1
B =qg+b,/b
B =Db
> Kiém tra cac d/kién ton tai bd dieéu khién theo méd hinh chuan:
B =BB. = B =(0.0615q+0.0471)/b
bac(A,)—bac(B,) = bac(A)—-biac(B)
2 1 2 1
> Chon bac Ay:
bac(A)) = 2bac(A)—bac(A,)—-bac(B")-1=0
%K_J . ~ J (& ~ J
2 2 |
= Chon bac A;bang0 = A, =1

» Phan tich Bduwéidang: B=B'B™ = {
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Piéu khién tw chinh gian tiép — Thi du 2
» Chon bac R, va S:
bac(R) = bic(A)+bic(A,)~bac(A)=0+2-2=0

bac(S) = min {[bac(R ) +bac(B*)],[bac(A,) + bic(A,) — bac(B)]f
= min{[0+1],[0+2-0]}=1

R =r,

- {S =50+5

> Tinh S va R, bang cach giai phwong trinh Diophantine:
AR +B S=AA,

= (@°+49+4,)r, +b(s,q+5s) = 0> —1.341q+0.449

= r1,0°+(r,4 +sb)q+(r,a, +sb)=q>—1.341q+0.449
1, =1
s, =(-1.341-4)/b,
'S =(0.449-4,)/h

e
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Piéu khién tw chinh gian tiép — Thi du 2

> TinhRva T:

Ug(K)

R=RB' =  R=(q+b/b)

T=AB, =  T=(0.0615z+0.0471)/b

Két luan: Hé thdng diéu khién tw chinh gian tiép theo mé hinh
chuan sau khi thiét ké:

ans |

;U>| —; |«

y(k)

o -

‘ S
R

16 April 2014
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Piéu khién tw chinh gian tiép — Thi du 2

51 STR_MRC_Example2 M=t
File Edit “ew Simulakion Formak  Tools  Help
O =S X2 » \Namal | gk = a

LMS Estimation

Indirect STR Bm/Am
°° ::I—b
ue BIA — "
R*'u=T"uc-5% Scope
Ready 125% FixedstepDiscrete

M6 phdng hé thong diéu khién
tw chinh gian tiép theo mdé hinh chuan
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Piéu khién tw chinh gian tiép — Thi du 2

E! 5TR_MRC_Example2/l M5 Estimation

File Edit Mew Simulation Format Tools Help
[ ﬁn% =2 [ 2 Mormal i @ n‘f@
I_ 4
Wz G ]
b ; - L(k)e(k)
. -
v b . B Matrix e(k)
[:l n |—>I'«'1ult||:'ly,|l theta(k)
hi(k : theta=[a1, a2, b1, b2]'
1iz 1iz Philk) [1] g R
theta(k-1)
u —| Matrix
w{ Multiply
- hi' P.phi u
_"‘M“L‘;:{I;TY PALEPM 1 [amdatphi'.P.phi
phi(k-1)".P(k-1) p{ Matrix
g Multiply g ke
— P 1 . =
pl = — - P Matrix ~
Pl = ;1 | Multiply
(k1) P(k-1).phi(k-1)
0.95 | x
lamda —¥ :{k}
Ready 125% FixedstepDiscrete
Khoi wée lwong binh phwong toi thieu dé qui
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Piéu khién tw chinh gian tiép — Thi du 2

i) S5TR_MRC_Example2/R*u=T1"uc-5%y

File Edit Wiew Simulation Format Tools Help
O =zEHS &6 L g Marmal -| | ek BE &
theta=[al a2 b1 b2]
-,
theta
h 4 Y h i ¥ ¥
0l fr | st o o] s | o] R | e ‘ Iz
»
—»
P
»
P
> — |
{2 » 17z » X g
—>- .
uc R Saturation .
{3} I 1/2 >
x
¥ g
>
>
P
Ready 125%: FixedStepDiscrete

B6 diéu khién theo mé hinh chuan R*u = T*uc — S*y
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Piéu khién tw chinh gian tiép — Thi du 2

| alatE
\ _ _

| | | |
0 25 50 75 100

L‘Y"LF‘LI

| | | |
0 25 50 75 100
Time (sec)

Déap (rng cta hé kin bam theo md hinh qhuén rat tot
sau vai chu ky cap nhat thédng so cua doi twong

16 April 2014
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Piéu khién hoach dinh d6 logi?

*x Hoach dinh do lgi la mot phwong phap diéu khién
don gian ap dung dé diéu khién dbi twong phi tuyén
hodc ddi twong cé théng sb thay ddi theo diéu kién
lam Viéc

* Trong mét sO trwdng hop cd thé do dwoc cac bién
cé lién quan chat ché dén sy thay dbi dac tinh ddng
cda doi twong. Nhirng bién nay cé thé dwoc st dung
dé thay doi thdng sb ctia bd diéu khién, theo cong
thtre tinh toan trwdc.

* Thong so bd diéu khién co thé dwoec tinh toan trudc
cho cac diem lam viéc khac nhau va lwu trir trong bo
nho.

e
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So dé khéi didu khién hoach dinh dé loi

Piéu kién
lam viéc

t —
Uolh) | 20 ['gs gidu khién _ 0
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Nguyén tic thiét ké bo DK hoach dinh dé loi

* Khong c6 phwong phap tong quat thiét ké thiét ké bo
diéu khién hoach dfinh doé lol, moi I&p doi twong diéu
khién co dac thu can xem xét riéng.

* VVan dé chinh 1a xac dinh bién nao dwoc st dung lam
bién hoach dinh dé Ioi.

* Biép hoach dinh phai phéan anh dwoc dac tinh phi
tuyen hoac dac tinh thay doi theo diéu kién lam viec
cua doi twong.

* Bién hoach dinh phai bién dbi cham

e
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Mot phwong phap thiét ké bd DK hoach dinh do lo

Phwong phap thwdng st dung bao gom cac budc:

* Chon bién hodc cac bién hoach dinh.

* Tuyén tinh héa mé hinh dbi twong quanh mét s6
diém lam viéc

* Thiét ké bo dieu khién tuyén tinh cho maéi diém lam
viéc str dung mé hinh tuyén tinh twong trng.

* Khi van hanh, néi suy théng so bé diéu khién dua
trén gia tri cua bién hoach dinh.
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Piédu khién hoach dinh d6 loi — Thi du 1

* Cho hé thong xe — 16 xo nhw k (1)
hinh v&. Quan hé vao ra cla 1.7
hé thong mé ta boi PTVP: ] L

my(t) + by + ky(t) = u(t) ¥(t)=10

1/m
G(p)=—
P + 2/ mMyp+(5/m)
trong do u(f) la t/hiéu vao (lwc BK); y(t) la t/hiéu ra (vi tri xe);
m = 0.5-5kg 1a khdi lwong xe (khdi lwong xe thay dbi trong
qua trinh van hanh), b =2N.s/m k=5 N/m la do cwng |0 xo.

* Yéu cau: Gia st co thé do dwoc khoi lwong vat ndng, thiét ké
bo DK hoach dinh do lgi sao cho hé théng bam theo MH chuan:

1
G _
m(P) p°+2p+1

16 April 2014 © H. T. Hoang - HCMUT 120




Piéu khién hoach dinh dé loi — Thi du 1
* Giai: Thiet ké b DK theo m6 hinh chuan, théng so bo dieu
khién phu thudc bién hoach dinh 1a khoi lwgng cla vat nang

B"=1
B =1/m

» Phan tich Bduwéidang: B=B'B™ = {

> Kiém tra cac diéu kién ton tai bd DK theo mé hinh chuan:

B =B B, = B, =m
bac(A,) ~bic(B,) = bic(A) ~ bic(B)
3 0 5 5

> Chon bac A,
bac(A)) = 2bac(A)-bac(A,)—bac(B")-1=1
——
= Chon bac Aybang1 = A, =p+5
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Piéu khién hoach dinh dé loi — Thi du 1
» Chon bac R, va S:
bac(R)=bac(A)+bic(A )-bic(A) =1+2-2=1
bac(S) = min{{bac(R)+bac(B*)L[bic(A) +bic(A,)—bac(B")]}
= min{[1+0],[1+2-0]} =
— {Rl =L Pth
S=§p+s
> Tinh S va R, bang cach giai phwong trinh Diophantine:
AR +B S=AA,

- (IO +—IO+ j(r p+f)+—(50p+31) (P+35)(p° +2p+1)

3 2 2 5 2 1 5
= TP T PR s, [P Erﬁasl
=p +7p° +11p+5
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Piéu khién hoach dinh dé loi — Thi du 1

1y =1 1, =1

(2

—r0+r1j:7 4

g i
= (5 2 1

“r+=r+—s, |=11 - 4

/ir _|_l —5 10

> TinhRva T:
R=RB" =  R=(p+n)

T=AB. = T =(p+5)m
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Piéu khién hoach dinh dé loi — Thi du 1

rl’t()’tl’s()’sl

uft) | T u(t) . y(f)
Inasm =
| e

R

So d6 khdi hé thdng diéu khién hoach dinh
do logi theo moé hinh chuan sau khi thiét ké
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Piéu khién hoach dinh dé loi — Thi du 1

w o |

File Edit View Simulation Format | Tools | Help

DEHES| &+ B2R|E 422602 » = P00 [Nomal ~| 2

Reference Model

m0Q

Gain Scheduling

uc

R*u=T"uc-S"y Scope

Ready 1125% | | lode5 Y

So dd Simulink mé phdng hé thong diéu khién
hoach dinh d6 loi theo m6 hinh chuan
16 April 2014 © H. T. Hoang - HCMUT 125




Piéu khién hoach dinh dé loi — Thi du 1

| | ; |
0 50 100 150 200

- | | ; |
0 50 100 150 200

5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
3 — -
1 ! S E— g
0 50 100 150 200
Time (sec)

Két qua DK khi chwa hoach dinh d¢ lgi véi bo dieu khién MRC
dugc thiet ke dwa vao gia tri my = 1kg. Chat lvong DK cang
kem khi khoi lwgng vat nang cang sai léch so v&i gia tri m,
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Piéu khién hoach dinh dé loi — Thi du 1

1
0 50 100 150 200

| | ; |
0 50 100 150 200
[ Y ————_————————
) e -
1 | S B — |
0 50 100 150 200

Time (sec)

Két qua PK khi hoach dinh dd Igi bd DK MRC theo khbi lwong
vat ndng. Chat lwong PK bam theo mé hinh chuan rat tot du
bat chap sw thay dbi khdi lwong cua vat nang.
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Piédu khién hoach dinh d6 loi — Thi du 2

u(t): Iu lwong vao (tin hiéu diéu khién)

| u(?) y(t): 6 cao myc chat I6ng (tin hiéu DK)
\ I / r,: ban kinh day bdn chtra (r, = 10cm)

r,: ban kinh dinh bon chiva (r, = 50cm)
I 1,(”1 a,: tiet dién van xa (a, = 1cm?)
* Yout H: chiéu cao bon chra (H= 100cm)
Cp. hé sdxa (Cp=1)
g: gia tdc trong trwdng (g = 981cm/s?)

* Phwong trinh vi phan mé ta dac tinh ddng hoc hé bdn cha:

=g )(ua) Coany20y(D))

VoI S(y) =7r(r0 o0 ;Iro yj (t/dién ngang cla bon tai dd cao y)

* Thiét ké BPK Pl hoach dinh dd lgi sao cho PTDT cla hé kin
cocap cwc voi £=1.0vaw,=0.1
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Piéu khién hoach dinh dé i — Thi du 2

*x Giai:
* Dat bién trang thai x(t) =y(t) , PTTT clia hé bon chura:

[XO=F(x.u) = o (t)) (ku(t) - Coa,20x(D) )
LY(t) = h(x(t),u(t)) = x(t)

* Diém lam viéc tinh (X,0) & nghiém phwong trinh:

%) (u CDa01/2gx)
< U=Cya,+/20X
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Piéu khién hoach dinh dé i — Thi du 2

* Phuwong trinh trang thai cia hé thong quanh diém tinh (T, Y)

{'i(t) = AX(t) + BU(t)

y(t) = CX(1)
trong dé At =—CD?° N J
OX| x.m) S(X) V2X
B— al L_ C= oh
ou (X,U) S(X) OX (X,0)
* Ham truyén cla hé thong quanh diém tinh
Y K
G(s) = Y _ Css-A"'"B = G(§=——o
U (s) S+a
: 1 Cod, | 9
trong do K=—— a=—2
J S(X) S(x) V2%
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Pieu khién hoach dinh do loi — Thi du 2
* S dung bd PK PI, PTDT cla hé kin quanh diém tinh (X,U):

1+(KP+K'j( K j:O = s +(@+KK,)s+KK, =0 (1)
s \s+a

* Phuwong trinh dac trwng mong muon:
S’ +28m S+ =0 (2)

* Can bang (1) va (2):

(a+ KK, =2fm, _ [Ke=(28m,-2a)/K
KK, = o, K, =w; /K

( 2
Ke =200,7 r0_|_r1_roy -G, i_
H 2y
=2 ,
K =@’z +r1_r07
I n 0 H
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Piéu khién hoach dinh dé loi — Thi du 2

0} B8 (Enl %
File Edit View Simulation Format Tools Help
DFEHE|$BBRE|E= ¢ » =800 [Nomal Rl T eEE®

Setpoint

Ready

rF———

B acst

Gain Scheduling

1

20s+1
Input Filter

Self Tuning Single Tank
Pl Controller

—:|—[:|:|

125% ode5

Mb phong HTPH PI hoach dinh dé loii.

Théng s6 BEK Pl c6 thé chon c¢o dinh (rng véi d6 muc chat léng
trong bon bang 25cm hoac thay doi tuy theo dieém lam viéc
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Piéu khién hoach dinh dé loi — Thi du 2

L =1 = les)| < Khoi hoach dinh do loi
File Edit View Simulation Format Tools Help

D @S HS| & EBR|E 4[5 @] » = B0

y Kp‘ A >
P! params Bo diéu khién Pl
Ki ) .
=] =0 EOl =%
Rea|125% | | lode? File Edit View Simulation Format Tools Help
DedES| +t BB | <=4 |22 r = iﬁﬂﬂ.[} ]Nnrmal _L“ bk
Kp
Pl params Ki
e
Ready 125% | | lode5 Y
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Piéu khién hoach dinh dé i — Thi du 2

100

75

50

25

0

6000

4000

2000

-2000 : : :
0 200 400 600 800

Time (sec)

Két qua PK PI v&i dd loi co dinh tPng muwe chat 1dng 25cm, chat
lwong diéu khién cang kém khi diém lam viéc cang xa 25cm.
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Piéu khién hoach dinh dé loi — Thi du 2

100

-2000 ! :
0 200 400 600 800

Time (sec)

~ Két qua diéu khién Pl hoach dinh d6 loi,
chat lwgng diéu khién tot trong mién lam viéc rong
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Wu khuyét didm cha diéu khién hoach dinh dé loi

* Uu diém:
> DK hoach dinh dd loi cho phép ap dung cac PP thiét ké
bd diéu khién tuyén tinh vao hé phi tuyén cé dac tinh
dong thay déi theo diéu kién lam viéc.
> Théng s6 cla bd DK hoach dinh dé lgi thay ddi nhanh
theo sw thay doi dac tinh dong cua doi twong
» Hoach dinh dé loi dac biét thuan loi néu dac tinh dong
cla doi twong phu thudc vao mét vai bién co thé do
duoc.
* Khuyét diém:
> DK hoach dinh dd loi so d6 BPK thich nghi vong hé,
khéng cé co ché “thich nghi” dung nghia.
> Mot han ché khac 1a trong nhiéu trwérng hop kho chon
dwoc bién hoach dinh tot.
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Chuan daura

Sau khi hoc xong chwong 4, SV phai c6 kha nang:

* Thiét ké bo diéu khién theo mé hinh chuan

* Thiét ké bd diéu khién thich nghi theo mé hinh chuan

* Thiét ké b diéu <1i§n tw chinh gian tiép trén co s&
woce lwong triee tuyén théng s6 mé hinh cua doi
twong.

* Thiét ké bo diéu khién hoach dinh d6 loi

e
16 April 2014 © H. T. Hoang - HCMUT 137




