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Chuong 1 : Cong ngh¢ tinh toan mém

Chuong 1

CONG NGHE TiNH TOAN MEM
( Soft Computing technology )

Vai nét vé lich sir phdt trién 1y thuyét diéu khién .

- Phuong phdp bién phan cé dién Euler_Lagrange 1766 .

- Tiéu chudn 6n dinh Lyapunov 1892 .

- Tri tué nhan tao 1950 .

- Hé théng diéu khién mdy bay siéu nhe 1955 . |

- Nguyén Iy cuec tiéu Pontryagin 1956 . | ‘
- Phuong phdp quy hoach dong Belman 1957 .

- Piéu khién t6i wu tuyén tinh dang toan
phuwong LOR ( LOR : Linear Quadratic
Regulator ) .

- Piéu khién kép Feldbaum 1960 .

- Thugt todn di truyén 1960 . .
- Nhdn dang hé thong 1965 .

- Logic mo 1965 .

- Ludr diéu khién hé théng thich nghi mé hinh tham chiéu MRAS va bo tu
chinh dinh STR 1970 ( MRAS : Model-Reference Adaptive System , STR :
Self-Tuning Regulator ) .

- Hé tw hoc Tsypkin 1971 .

- Sdan phdm céng nghiép 1982 .

- Ly thuyét bén viing 1985 .

- Cong nghé tinh todn mém va diéu khién tich hop 1985 .
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Chuong 1 : Cong ngh¢ tinh toan mém

1.1. Gi6i thiéu vé cong nghé tinh toin mém

Trong thuc té cudc sdng, cic bai todn lién quan dén hoat dong nhan
thirc, tri tué ciia con ngudi déu ham chira nhiing dai lugng, théng tin ma ban
chat 13 khong chinh xic, khong chic chan, khong day di. Vi du: s& chang
bao gid ¢ cac thong tin, dit lidu cling nhu cdc mo hinh toan ddy du va chinh
xéc cho cdc bai todn dy bdo thoi tiét. Nhin chung con ngudi ludn & trong boi
canh 1a khong c6 thong tin day du va chinh xéc cho céc hoat dong ra quyét
dinh cta ban than minh.

Trong linh vyuc khoa hoc ki thudt ciing vay, céc hé théng phtc tap
trén thuc té thuong khong thé mé ta diy du va chinh xdc boi cdc phuong
trinh to4n hoc truyén thong. Két qua 1a nhitng cach tiép can kinh dién dua
trén ky thuat phan tich va cdc phuong trinh todn hoc nhanh chéng t6 ra
khong con phit hop. Vi thé, cong nghé tinh toan mém chinh 1a mot giai phap
trong linh vuc nay.

Mot sé dic diém cia cong nghé tinh toin mém:

e Tinh to4n mém cin ci trén cdc dac diém, hanh vi caa con nguoi va
tuy nhién dé dwa ra cdc quyét dinh hop 1y trong diéu kién khong chinh
xédc va khong chic chan.

e Céc thanh phéan cia tinh todn mém c6 su bo sung, hd trg 1an nhau.

e Tinh toan mém la mot huong nghién ctru mo, bat ky mot ky thuat
moéi ndo duge tao ra tir viée bat chudc tri thong minh cua con nguoi
déu c6 thé tro thanh mot thanh phan m&i caa tinh todn mém.

Cong nghé tinh todn mém bao gom 3 thanh phan chinh:

> Diéu khién mo

» Mang no-ron nhan tao

> Lap luan xdc suat ( thuat giai di truyén va 1y thuyét hon mang..).

Ta sé& di vao phan tich tirng thanh phan cta céng nghé tinh todn mém.

1.2. Piéu khién m&

Trong cong nghé tinh todn mém, thanh phan phat trién vugt bac nhat va
dugc trng dung rong rai nhat d6 la logic mo.

Khdi niém vé logic mo dwoc gido sw LA Zadeh dwa ra lan dau tién nam
1965, tai truong Dai hoc Berkeley, bang California - My. Tu do 1y thuyet
mo da dwoc phdt trién va ung dung rong rai.

Nam 1970 tai truong Mary Queen, London — Anh, Ebrahim Mgmdani d:d
dung logic mo de dieu khien mot mdy hoi nuwdc ma ong khong the diéu khién
duwoc bang ky thudt co dién. Tai Puc Hann Zimmermann da dung logic mo
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Chuong 1 : Cong ngh¢ tinh toan mém

cho cdc hé ra quyét dinh. Tai Nhdt logic mo dwoc vmg dung vao nha mdy xir
ly nuwoc cua Fuji Electronic vao 1983, hé thong xe dién ngam cua Hitachi
vao 1987.

Ly thuyét mo ra doi & My, vmg dung dau tién ¢ Anh nhung phdt trién manh
mé nhdt la ¢ Nhat. Trong linh viee Tw dong hod logic mo ngay cang duwoc
ung dung rong rai. NO thyc su hitu dung voi cdc doi twong phic tap ma ta
chua biét ro ham truyén, logic mo cé thé gidi quyét cdc van dé ma diéu
khién kinh dién khong lam duwoc.

1.2.1 Khai niém co ban

Mot cach téng quat, mot h¢ théng mo 1a mot tap hop cac qui tac dudi dang
If ... Then ... dé tai tao hanh vi cia con nguoi dugce tich hop vao cau tric
diéu khién ctia hé thong.

Viéc thiét ké mot hé thdng mo mang rat nhiéu tinh chét chi quan, né tuy
thudc vao kinh nghiém va kién thirc cia nguoi thiét ké. Ngay nay, tuy ky
thudt mo da phat trién vugt bac nhung van chua ¢6 mot céch thirc chinh quy
va hiéu qua dé thiét ké mot hé théng mo. Viéc thiét ké van phai dua trén
mot k¥ thuat rat c6 dién 1a thir - sai va doi hoi phai dau tu nhidu thoi gian dé
c6 thé di t6i mot két qua chap nhéan duoc.

Dé hiéu 16 khdi niém “MO™ 1a gi ta hdy thuc hién phép so sanh sau :

Trong todn hoc phé 'thong ta da hoc kha nhiéu vé tap hop, vi du nhu tap cic
s0 thuc R, tap cdc sO nguyeén t6 P={2,3,5,...}... Nhitng tap hop nhu viy dugc
goi 1a tap hop kinh dién hay tap 16, tinh “RO” & day dugc hiéu 1a voi mot
tap xdc dinh S chira n phan tir thi (mg vi phan tir x ta xdc dinh dwoc mot gia
tr1 y=S(x).

Gid ta xét phét biéu théng thuong vé toc 46 mot chiéc xe motd : cham,
trung binh, hoi nhanh, rat nhanh. Phat biéu “CHAM” & day khong dugc chi
15 12 bao nhiéu km/h, nhu vay tr “CHAM” c6 mién gid tri 12 mot khoang
nao do, vi du Skm/h — 20km/h chang han. Tap hop L= {chdm, trung binh, hoi
nhanh, rdt nhanh} nhu vay dugc goi la mot tap cdc bién ngdn ngir. V&i moi
thanh phan ngon ngu’ x; cia phét biéu trén néu né nhan dugc mot kha ning

M(xy) thi tap hop F gorn céc cap (x, U(xy)) duoc goi la tdp mo.

1. Pinh nghia tip mo
Tap mo F xdc dinh trén tap kinh dién B 1a mot tap ma mdi phan tir ctia né 1a
mot cap gia tri (x,Ur(x)), véi xe X va fp(x) 1a mot dnh xa :
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Chuong 1 : Cong ngh¢ tinh toan mém

Hr(x): B —=[0 1]
trong do : yr goi 1a ham thudc , B goi la tap nén.

2. Cac thuat ngir trong logic mo

Hy mién tin cay
1
T Mxp
Hinhl.1:

® DJ cao tap mo F 1a gid tri h = Supup(x), trong d6 suppip(x) chi gié tri nho
nhét trong tat ca cc chan trén ctia ham up(x).
e Mién xéc dinh cta tdp mo F, ky hiéu 1a S 12 tip con thoa mén :
i S = Suppip(x) = { xeB | up(x) >0}
¢ Mién tin cay cua tap mo F, ky hiéu la 7'1a tap con thoa man :
T={xeBlug(x)=1}
¢ Céc dang ham thudc (membership function) trong logic mo
C6 rat nhiéu dang ham thudc nhu : Gaussian, PI-shape, S-shape, Sigmoidal,
Z-shape ...

trapmf gbellmf trimf gaussmf gauss2mf smf
1 , N -
ol | | /N l
[ \ / \

06l [ \ / \\ -
| \ / \
i \ / A\

0.4 | \ X \ ~

zmf psigmf dsigmf pimf sigmf
1 — N =
\ / \
0.8[- \ / i
\ / \
0.6 / | / \ g
/ | / ‘
0.4 “ ’/" B
02} / \ e
) /

Trang 8



Chuong 1 : Cong ngh¢ tinh toan mém

3. Bién ngon ngir

Bién ngon ngit 1a phan tir cht dao trong cic hé thng ding logic mo. O day
céc thanh phan ngdn ngit cia cing mdt nglr canh dugc két hop lai voi nhau.

Dé minh hoa vé ham thudc va bién ngdn ngit ta xét vi du sau :
Xét toc dd ctia mot chiée xe motd, ta c6 thé phat biéu xe dang chay:
-Ratchdm (VS)

- Cham (S)
- Trung binh (M)
- Nhanh F

- Rit nhanh (VF)

Nhirng phat biéu nhu vy goi la bién ngdn ngit ciia tap md. Goi x 1a gid tri
cua bién toc do, vi du x =10km/h, x = 60km/h ... Ham thudc tuong Gng cua
cac bién ngdn ngir trén dugc ky hi¢u la :

luVS(x)) luS(x)) ﬂM(x)’ luF(x)’ luVF(x)

Ha
. VS S M F VF
023 | A

/N

0 20 40 6065 80 100 tocdd
Hinh 1.2:

Nhu vay bién téc d6 c6 hai mién gid tri :
- Mién céc gi4 tri ngdn ngit :
N = { rat chdm, cham, trung binh, nhanh, rat nhanh }
- Mién cdc gid tri vat 1y :
V={xeBlx=>0}
Bién toc do dugc xac dinh trén mién ngdn ngttr N dugc goi la bién ngdn ngt.
Vi mdi xe B ta ¢ ham thudc :
x = px = { fvs(x), ds(x), fu(x), Hp(x), fyr(x) }
Vi dy ham thudc tai gid tri rd x = 65km/h 1a :

Mx(65) = { 0;0;0.75;0.25;0 }
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Chuong 1 : Cong ngh¢ tinh toan mém

4. Cac phép toan trén tip mo

Cho X,Y 12 hai tdp md trén khong gian nén B, ¢6 cdc ham thudc twong tng
la Mx, Uy, khi d6 :

- Phép hop hai tip mo :  XUY

+ Theo luat Max Mxov(b) = Max{ ux(b) , uyv(b) }

+ Theo luat Sum Mxov(b) = Min{ 1, ux(b) + uy(b) }

+ Tong tryc tiép Hxov(b) = px(b) + py(b) - ux(b). tiv(b)
- Phép giao hai tdp mo : XNY

+ Theo luat Min Mx N y(b) = Min{ ux(b) , uy(b) }

+ Theo luat Lukasiewicz tx N v(b) = Max{0, ux(b)+uy(b)-1}

+ Theo luat Prod Mx N y(b) = ux(b). uy(b)
- Phép bu tdp mo : U, (b) =1- ux(b)

5. Lujt hep thanh

A. M¢nh dé hop thanh
Vi du diéu khién muc nudc trong bon chira, ta quan tim dén 2 yéu t6 :
+ Muyc nudc trong bon L = {rat thap, thap, vira}
+ G6c mo van ong dan G = {d6ng, nhd, 16n}
Ta c6 thé suy dién céch thirc di€u khién nhu thé nay :
Néu muc nuodc = rat thap Thi  géc mo van = lon
Néu muc nudc = thap Thi  goc mo van = nho
Néu muc nudc = vua Thi  goc mo van = dong
Trong vi du trén ta thdy c6 cau tric chung la “Néu A thi B” . Cau tric nay
goi 1a ménh dé hop thanh, A 1a ménh dé diéu ki¢n, C = A= B la ménh dé
ket luan.
Pinh Iy Mamdani :

“Dé phu thudc cia két ludn khéng dwoe 16n hon dd phy thudce diéu kién”
Néu hé théng c6 nhiéu dau vao va nhiéu dau ra thi ménh dé suy dién cé
dang tong quét nhu sau :

If N=n;and M =m;and ... Then R = riand K = k; and ....

B. Ludt hgp thanh mo

Luét hop thanh 1 tén goi chung ctia md hinh biéu dién mot hay nhiéu ham
thudc cho mot hay nhiéu ménh dé hop thanh.
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Chuong 1 : Cong ngh¢ tinh toan mém

Céc luat hgp thanh co ban

+ Luat Max — Min
+ Luat Max — Prod
+ Luat Sum — Min
+ Luat Sum — Prod

a. Thudt todn xay dung ménh de hop thanh cho hé SISO
Luat mo cho h¢ SISO c6 dang “If A Then B”

Chia ham thudc s4(x) thanh n diém x;, i=12,...n
Chia ham thudc #(y) thanh m diém y;, j=1,2,...,m

Xay dung ma tran quan h¢ mo R

M (xL,yl) .o o e (x], ym) rll ... ... rilm
R Mp(x2,y1) oo (X2, ym) | | P21 o o 2m
Mo (xn,yl) ... .. pp(xn,ym) ml ... ... rom

Ham thudc p(y) dau ra ing véi gia tri rd dau vao x; c6 gid tri
Ugp(y)=a'.R,véia" ={0,0,0,...,0,1,0....,0,0 }. S6 1 tmg véi vi tri thir k.
Trong trudng hop dau vao 1a gid tri mo A’ thi pp-(y) 1a :

,UB(y) = {l],lg,l3,...,lm } voi lk=maxmin{ai,r,~k].

b. Thudt todn xdy dung ménh de hop thanh cho hé MISO
Luat mo cho h¢ MISO c¢6 dang :

“Ifcdj=A;and cd,=A,and ... Thenrs = B”
Céc budc xay dung luat hop thanh R :
® Roi rac cac ham thudc pa(x;), Haz(x2), ..., Han(Xn), Up(Y)
® X4c dinh d6 thod man H chg) thng vécto gia tri 10 dau vao x={c;,¢z...,Cn}
trong do6 ¢; 1a mot trong cac di€ém mau cua t,(x;). Tur d6 suy ra

H = Min{ piai(c1), taz(c2), ..., tan(cn) }

° LéR ma trdn R g6m cac ham thudc gia tri mo dau ra cho tung vécto gid tri
m dhu vao: (g (y) = Min{ H, pis(y) } hodic s (y) = H. ()
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Chuong 1 : Cong ngh¢ tinh toan mém

6. Gidi mo

Gidai mo la qud trinh xdc dinh gid tri ré & dau ra tir ham thudc ug(y) cia

tap mo B’. Co 2 phwong phdp giai mo :

1. Phuong phép cuc dai

Céc budc thuc hién :

- X4c dinh mién chira gid triy’, y’ la gid tr1 ma tai d6 up(y) dat Max
G={yeY |l up(y)=H}

- X4c dinh y’ theo mdt trong 3 cdch sau :

+ Nguyén 1y trung binh
+ Nguyén ly can trai
+ Nguyén 1y can phai

u

/

yl y2
Hinh 1.3:

yl+y2
2

e Nguyénlycantrdi  :chony’ =yl

® Nguyén ly can phai  :chony’ =y2

e Nguyén ly trung binh : y’ =

2. Phuong phép trong tam
Piém y’ duoc xac dinh l1a hoanh d¢ ctua diém trong tam mién duoc bao boi
truc hoanh va duong up(y).
Cong thuc xdc dinh :
j yu(y)dy

b

y =3 trong d6 S 12 mién x4c dinh ctia tap md B’
[ uydy
S
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Chuong 1 : Cong ngh¢ tinh toan mém

¢ Phuong phdp trong tam cho luat Sum-Min

Gia sir ¢6 m luat diéu khién duoc trién khai, ky hiéu cdc gid tri mo dau ra
cua luat diéu khién thtr k 12 tp(y) thi v6i quy tac Sum-Min ham thudc s€ l1a
H(y)= D Mgy () . vay’ duge xdc dinh :

k=1

[ (yZuBuy)jdy > g dy) DM,
y): S k=1 — k=1 — k=1 (11)
[ 2t )y Z(_fﬂgly(y)dyJ 2 A,
S k=1 =1\ S k=1
trong d6 M; = jyﬂB,k(y)dy va A= jﬂB,k(y)dy i=1,2,....m
S S
l,L A
H
ml m2 y
< a: < b >

Xét riéng cho truong hop cdc ham thudc dang hinh thang nhu hinh trén :
H
M = g(3m22 —-3m} +b*> —a’ +3m,b+3m,a)

H
Ar = ?(2m2—2m1 +a+ b)

Chii ¥ hai cong thirc trén c6 thé dp dung ca cho ludt Max-Min
¢ Phuong phép d6 cao
Tu cong thic (1.1), néu céc ham thudc c6 dang Singleton thi ta dugc:

Zkak
=1
2 H,
=1

bay la cong thirc gidi mo theo phuong phép d6 cao.

>

y' = VOl Hy = tpi(yi)
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Chuong 1 : Cong ngh¢ tinh toan mém

7. M6 hinh mo Tagaki-Sugeno

Mo hinh md ma ta néi dén trong cic phan trudc 1a md hinh Mamdani. Uu
diém ctia md hinh Mamdani 1a don gian, d& thyc hién nhung kha ning mé ta
hé thdng khong tét. Trong k¥ thuét diéu khién nguoi ta thudng st dung méd
hinh mo Tagaki-Sugeno (TS).

Tagaki-Sugeno dua ra m6 hinh m¢ sur dung ca khong gian trang thdi mo 1an
md ta linh hoat hé théng. Theo Tagaki/Sugeno thi mot ving md LX* duoc
mod ta bdi luat :

Ry : If x = LX* Then x=A(x*)x+B(x")u (1.2)
Luat nay c6 nghia la: néu vécto trang thai x nam trong vung LX" thi hé théng
duoc mé ta boéi phuong trinh vi phan cuc bd i = A(x*)x+ B(x*)u. Néu
toan bd céc luat ciia hé théng duoc xay dung thi ¢6 thé mo ta toan bd trang
thai cua hé trong toan cuc. Trong (1.2) ma tran A(x ) va B(x ) 1a nhitng ma

tran hing cua hé thdng ¢ trong tdm cua mién LX* dugc xdc dinh tir cic
chuong trinh nhéan dang. Tur d6 rat ra dugc :

x= > w (A )x+ B(x u) (1.3)
voi wi(x) € [0, 1] 1a d6 thoa méan da chuan hod cia x* d6i v6i ving md LX
Luat diéu khién twong tng v6i (1.2) s& 1a :

R : If x=LX" Then u=K(x*)x
Va luat diéu khién cho toan bo khong gian trang thai c¢6 dang:

U= ﬁ“ w K (x")x (1.4)

Tu (1.2) va (1.3) ta c6 phuong trinh dong hoc cho h¢ kin:
X= Z w, (X)w, (XA + B(x K (x"))x
Vidu 1.1:

Mot hé TS gom hai luat diéu khién véi hai dau vao x;,x, va daura y.
R; : If x;=BIG and x; = MEDIUM Then y; = x;-3x;
Ry : If x;=SMALL and x,= BIG Then y,=4+2x;

Pau vao rd do duoc 1a x;* = 4 va x,* = 60. Tt hinh bén dudi ta xac dinh
duoc :

LXBIG(XI *) =03 va LXBIG(X2*) =0.35
LXsyarr(x1%) = 0.7 va LXyeprom(x2*) = 0.75
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Chuong 1 : Cong ngh¢ tinh toan mém

Tu d6 xac dinh duoc :
Min(0.3 ; 0.75)=0.3 va Min(0.35 ; 0.7)=0.35
y1=4-3x60=-176 va y,=4+42x4 =12
Nhu Ve}y hai thém}} phén R;vaR,1a (0.3 ;-176) va (0.35 ; 12). Theo phuong
phép tong trong sO trung binh ta co:
~0.3x(-176) +0.35x12
- 0.3+0.35

A A

’l ] ..........................
0.7 >/ 0.75
03 0.35

»
» »

0 4 10 0 60 100

=—74.77

1.2.2. B diéu khién mo

1. Cau triic mét b diéu khién mo

Tap hop me
v i —
——l-' L=  Mohoa |—>| Cor el suy luan |—- Gilai mo |—> Botrong ——=

Co g luat

| Era iy |

So d6 khéi bg diéu khién mo

Mot b diéu khién md gom 3 khau co ban:
+ Khau mo hoa
+ Thuc hién luat hop thanh
+ Khéu giai mo
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Chuong 1 : Cong ngh¢ tinh toan mém

z A 3t A < A \ L ooz A N T
Xét by diéu khién mo MISO sau, v6i vécto dau vao X = [u1 Uy ... un]

R, If ... Then...
A

2. Nguyén ly diéu khién mo

luit diéu khién

!

ey| Giaodién | W Thiethi Bl Giaodign | Y
dau vao hgp thanh diu ra

? Ml POl TUONG |H—

THIET BI DO

Hinh 1.5:

¢ Cic budc thiét ké hé thong diéu khién mo.
+ Giao dién dau vao gém céc khau: mo héa va cdc khau hiéu chinh nhu
ty 1€, tich phan, vi phan ...
+ Thiép bi hop thanh : sy trién khai luat hop thanh R
+ Giao dién dau ra gém : khau giai mo va céc khau giao dién truc tiép
v6i doi tuong.
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Chuong 1 : Cong ngh¢ tinh toan mém

3. Thiét ké bo diéu khién mo
¢ Cic budc thiet ke:
B1 : Dinh nghia tit ca cdc bién ngdn ngit vao/ra.
B2 : Xac dgnh cac tap mo cho tirng bjén vao/ra (mo hoad).
+ Mién gia tri vat 1y cua cdc bién ngdn ngtr.
+ S6 lugng tap mo.
+ Xac dinh ham thudc.
+ Roi rac hod tap mo.
B3 : X4y dung luat hop thanh.
B4 : Chon thiét bi hop thanh.
BS5 : Giai mo va to1 uu hoa.
e Nhimng luu y khi thiét ké BDK mo
- Khong bao gi diing diéu khién mo dé giai quyét bai todn ma c6 thé dé
dang thuc hi¢n bang bd dieu khién kinh dién.
- Khong nén ding BDK mo cho céc hé théng can d6 an toan cao.
- Thiét ké BDK mo phai duge thyc hién qua thyc nghiém.

¢ Phan loai cic BDK mo

i. Diéu khién Mamdani (MCEC)
ii. Piéu khién mo truot (SMFC)
iii. Diéu khién tra bang (CMFC)

iv. Diéu khién Tagaki/Sugeno (TSFC)

4. Vi du minh hoa:

Vidu 1.2:
D¢ diéu khién ty dong mdy diéu hoa nhiét do bing k¥ thuat logic mo, nguvi
ta dung hai cam bién: Trong phong la cam bién nhiét T; , bén ngoai la cam
bién nhiét T‘O‘ Viéc di@u 1‘1021 nhi¢t d thong qua diéu khién toc do quat lam
lanh mdy di€u hoa. Biét rang:

- TAm nhiét 6 quan tam 1a [0°C - 50°C ]

- Toc @6 quat1a v € [0 — 600 vong/ phiit ]
Hay tinh toc d6 quat trong truong hop sau:

T;=27°C  T,=32°C

Trang 17



Chuong 1 : Cong ngh¢ tinh toan mém

Giai bai toan theo ding trinh tu:

Budéc 1: Xac dinh cac bién ngon ngir vao — ra

EE—— . -
T, Diéu khién e ——2 4
—

Buéc 2: Xac dinh tip mo cho tirng bién vao/ra
Ti,To : {Lanh ,Vira ,N6ng) tuong tng véi {20, 25, 30°C)
V : {Zero, Cham, Trung binh ,Nhanh, Max) tuong ung véi {0, 150,
300, 450, 600 vong/phuit }

Ham thudc: ta chon ham thudc 1a ham tam giac

Ngd vao:
LU
L 1|V N
2(][]{'_1 25“{'_1 'ZTUC 3[]“ {'_1 " T“{:i
Ngo ra:
LLF Y
1 |zern cham TE nhanh max
0l
nd4
0 L »
] 150 30 450 I Voivp)
Xét trudng hop: T;=27C  T,=32°C
Ta co:

u(27°C)={0; 0.6 ; 0.4}
u32°C)=1{0: 0 ;1 }

Trang 18
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Budéc 3: Xay dung luat hgp thanh mo

Ti To Lanh Vira Noéng
Lanh Zero Cham Trung binh
Vira Cham Trung binh Nhanh
Nong Trung binh Nhanh Max

Buwéc 4: Giai mo va toi wu hoa

1(27°C) = {0; 0.6 ; 0.4}
n32°C)={0; 0 ;1 }

Giai mo:

¢ Phuong phép trong tam:

Chon thiét bi hop thanh Max — Min:

Luat max — min cho ta: Nhanh : 0.6
Max :04
M A
H
ml m2 y
Ta b g

M; = g(3m22 —3m +b*> —a’ +3m,b+3m,a)

H

(2my—2m;+a+b)

530 vong/phit
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Chuong 1 : Cong ngh¢ tinh toan mém

¢ Phuong phép d¢ cao:

Z)’ka
=1

y' = “=—— VO Hi= Upi(yr)
Hk
k=1
Y= 0.6x450+ 0.4 x 600 ~ 510 vong/phit
0.6+04

Buéc 5: V& do thi va nhan xét
Do thi toc d quat theo Ti

I I I I
Do thi toc do quat (uu tien theo Ti)

460 ‘ ‘
I I
| |

Do thi toc dd quat theo To

600 T T T T T

I I F
Do thi toc do quat (uu tien theo To) |
T T T

505

540

Tocd ogquat
&
3

580

575

570 | | | | | | |
fiz] 549 60 61 ] [ix] fid4 5 il &7
Nhiet do Ti+To
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Do thi téc dd quat khi Ti va To thay ddi

| ——© Do thi toc do quat khi Ti va To thay doi |

600

I
I

I

500 ****J‘
I

I

o $0000000)
400 -

300

200

100 H |1 H H M H [+

I

i

I

I

I

i

I

I

I

|

I

I

I

|

I

I

I

|
62 64 66 68

Nhdan xét:

-Dd thi toc d quat ting tuyén tinh khi v€ theo Ti hodc To

-Néu ca 2 Ti va To thay d6i bat ki thi do thi (Ti +To,V) ciing ting tuyén tinh
va cdc diém khac nam ddi xung 2 bén ciia dudng thang do.

-Két qua diéu khién chap nhéan dugc.

Néu Van chua ddp mg duoc chat luong dé ra (sai s6, do vot 16 ..), ta c6 thé
tang sO phan cép ciia cdc bién ngdn ngir. Tuy nhién, néu ting qui muc s&
dan dén tinh trang qua khop. Vi du:

Chon céc bién ngdn ngir: Ti,To: {Rét lanh, Lanh,Vira , Néng, Rat néng}
tuong Umg véi cac nhiét do{15,20,25,30,35}

Tbc do quat van 1a: {Zero ,Cham ,Trung binh, Nhanh, Max }

%’ Ritlanh | Lanh | Via | Néng | Rétnéng
Rat lanh Zero Zero Zero Cham TB

Lanh Zero Cham Cham B Nhanh
Vira Zero Cham TB Nhanh Max
Nong Cham TB Nhanh Nhanh Max
RAt néng TB Nhanh Max Max Max

Khi d6, ta ciing s& thu dugc két qua tuong ty nhu trén.

Vidu 1.3: . i
Thiét ké by mo dicu khién nhi¢t d6.B6 mo ¢6 2 ngd vao la sai 1§ch e(t) [ET]
va dao ham sai I¢ch de(t) [DET],mdt ngd ra la dao ham cong suat [DP].
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Chuong 1 : Cong ngh¢ tinh toan mém

Biét rang:
_ Lo nhiét c6 cong suét 1a 5SKW, tim do max 12 200 °C, sai s6 1a + 5%.
_ Tam thay d6i cia DET 1a-10°C/s —10°C/s
_ Tam thay d6i ctia DP 12 -100W/s — 100W/s
Hay tinh cog suét cung cap cho 10 trong truong hop sau:
ET=8°C DET=9°C/s

Loi gidi: ]
Budc 1: Xac dinh cac bién ngon ngir vao — ra
l Po
ET P
™ N1 * My2 > F
—
DET
ET = Tdit - Tdo

DET (i+1) = ( ET(i+1) — ET(i))/T
DP(i+1) = (P(i+1) — P(i))/T
= P(i+1)= P(i)+DP(i+1)*T < Pmax = SKW

Buéc 2: Xac dinh tip mo cho tirng bién vao/ra

ET ={N3,N2, N1, ZERO, P1, P2, P3
DET = { N3, N2, N1, ZERO, P1, P2, P3
DP ={ N3,N2, NI, ZERO, P1, P2, P3
P  ={ZERO,PI, P2, P3, MAX }

}
}
}

F

7
M5 Mz N1 ZERO P1 P2 P3

i

FT(“}

-10 -20/3 —TDB 01043 20/3 10 DET( < s)
-100 -200:3 -100:3 100:3 2003 100 DP (\Wis)
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&~

7

ZERO P1

P2 P3

MAX

P {E\Y)

Budéc 3: Xay dung luat hgp thanh mo

0 125 25 375 5

DET
pp N3 | N2 | N1 | Z | P1L]| P2 ]| P3
N3 | N3 | N3 | N3 | N3 | N2 | NI | Z
N2 | N3 | N2 | N2 | N2 | Nl | Z | Pl
N1 | N3 | N2 [ NL|NL|] Z | Pl | P2
Z | N3 | N2 [ NI | Z | PL | P2 | P3
pp L PL I N2 [Nt | Z [ PL [Pl | P2 P3
P2 | NI | z | PlL | P2 | P2| P2 | P3
P3| z | Pt | P2 | P3| P3| P3| P3
Buéc 4: Gizi mo va toi wu hoa
e Chon thiét bj hop thanh Max — Min:
Xét truong hop:  ET=8C DET = 9°C/,

Luat max — min cho ta:

ET: pn=0.6
DET: u=0.3
ET: pn=04
DET: p=0.7
ET: pn=04
DET: u=0.3
ET: pn=0.6
DET: u=0.7

min
—
min
—
min
—>
min
—_—

0.3 P2

0.4P3

0.3 P3

0.6 P3

— 0.6 P3

max

u@8’C) ={0:;0;0;0;0;0.6;0.4 }
p(90C/S)={0;0;0;0;0;0.3;0.7}
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Chuong 1 : Cong ngh¢ tinh toan mém

k) *
Viy DP= 0.3P2+0.6P3 _ 0.6*100+0.3*200/3 — 88.89 W/s
0.6+0.3 0.6+0.3

Theo 1y thuyét:
ET=10C —, P=5KW
ET=8C —» P=4KW
Do DP c6 4 phan cip dwong nhung P lai ¢6 5 phan cip dwong nén s& c6 2
truong hop. Theo luat diéu khién mo ta c6:
e Chon DP = { ZERO, P1, P2, P3 }={ ZERO, P1, P2, P3 }=P

* *
P:0.6 5/2+10.4 15/4:3 KW
e ChonDP ={ ZERO,P1, P2, P3 }={ P1, P2, P3, MAX }=P
* *
P:0.6 15/411+0.4 5 — 495 KW

Ta chon P = 4.25 KW vi n6 gan véi gid tri Iy thuyét hon.
P=4.25+DP.T.10° <5 KW

= T <8.4s

Tachon T =8s = P=4.96 KW

Ta tinh gid tr1 T trong truong hop xau nhat ( ETmax ) va gitt nguyén gid tri

nay trong subt qud trinh tinh todn dé so sanh két qua.

Vidu 1.4:
Diing diéu khién md dé diéu khién hé théng bom xa nudc ty dong. Hé thong
s€ duy tri d§ cao bon nudc & mot gid tri dat trude nhu mod hinh bén dudi.

oMo hinh :

ﬂ—)ﬁ‘

Fump

set contral

|

\.-*an1T T wan

1

Ba bo diéu khién mo (control) s& diéu khién : bom, vanl, van2 sao cho muc
nudc ¢ 2 bon dat gid tri dat trudc (set).

contral
set
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¢So do simulink:

ejcontral flow | peflauin

water lewel
{70 pump Pump —pe{flow cut

To wanl tank

Z1
'.'ZE To w@anz | konrce flomr .‘_ﬂl:ll.l.l l:ll.lb2
— ot flowr 4

Contral control —  pipez

wanl

L peiflow in

water le el

flaw out

tankz
q Z1

Eource flowr (g {flow o

ot flowr 21 1_|E|

control Fipe3
wahd

080 do khéi diéu khién:

AT

Ta pump
Fuz=y Lagic
Caontraller
| Ta pump
:I - .'%?H 4..- To wani
Towani
= To vanz
Fuz=y Lagic
Cantraller2 Contral
dez

I

Towanz

Fuzzy Logic
Contrallerz
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#Thiét lgp hé thong diéu khién mo :
eXéc dinh cdc ngd vao/ra :
+ C6 4 ngd vao gém : sai léch el, e2; dao ham sai léch del, de2
+ C6 3 ngd ra gom : controll, control2, control3
eX4c dinh bién ngodn ngir :
Sailéch  E = {4m 16n, 4m nho, bang khong, duong nho, duong 16n}
E = {NB, NM, ZR, PM, PB} 9
bPao ham D = {gidm nhanh, gidm vtra, khong doi, tang vira, ting nhanh}
. - D= {DF, DM, ZR, IM, IP} 9
biéu khién C = {d6ng nhanh,d6ng cham,khong d6i,mé cham,md nhanh}
C = {CF, CS, NC, OS, OF}
eLuat diéu khién :
+ Khdi “controllerl” va “controller2” :

(Hai khoi nay chi khdac nhau o luat hop thanh)

CF CI I ara CF

ingut wariakbls "ERROR

CF HE ZR I IP

L AN

input variable CE

Trang 26
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F

oF oz NC 0s )

cutput variabls "CONTROL

Luat hop thanh mo Max — Min

DE Khoi controllerl
ERROR |DB |DM |ZR |IM 1B
NB OF OF NC
NM oS

ZR OF |0OS |NC |CS CF
PM CS

PB NC CF CF
DE Khoéi controller?
ERROR |DB |DM |ZR |IM 1B
NB CF CF NC
NM CS

ZR CF CcS |NC |OS OF
PM oS

PB NC OF OF

+ Khdi “control3”

bay la khoi di‘éu tiét luu lugng cho hén 2’, taqdu’a ra muc vu tiéq nhu sau :
Khi sai 1€ch bon 1 16n thi van2 s€ di€u tiet dé sai 1éch nay nho réi méi dén
bon 2.

If errori=NB and del=DB Then control=CF

If errorli=NB and del=DM Then control=CS

If errori=NB and del=ZR Then control=CS

If errori=NM and del=DB Then control=CS
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If
If
If
If
If
If
If
If
If
If
If

error]l=PB and del=IB Then control=OF

errorl=PB and del=IM Then control=0OF

errorl=PB and del=ZR Then control=OF

errorl=PM and de/=IB Then control= OF

error1#NB and error2=NB and del1#DB and de2=DB Then control=OF
error1#NB and error2=NB and de1#DB and de2=DM Then control=OF
error1#NB and error2=NB and del1#DB and de2=7ZR Then control=OF
error1#NB and error2=NM and de1#DB and de2=DB Then control=0S
error1#NB and error2=NM and de1#DB and de2=DM Then control=0S
error1#PB and error2=PB and del#IB and de2=IB Then control=CF
error1#PB and error2=PB and del1#IM and de2=IB Then control=CS

eKét qua ddp tng voi céc thong sd hé thong :

- Chiéu cap bon height=1m

- Dién tich ddy area = 0.125m’

- Luu lugng max pump maxflow = 1lit/s
- Dién tich éng dan pipe area = 0.001m’

mirc nuwoc dat Z,,=[0.5 0.3]

mikc nude ban dau Zini=[0 0]

0.6

Lz (nm) é .............. ; .............. ? .............. ; .............. é .............. %.”..”...”.é.”.

thoi gian (s)

200 300 400 500 600 700
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mirc nuwoc dat Z,,=[0.5 0.4]

mikc nude ban dau Zii=[0.8 0]
ne

arkl TEPPRRRRRRRRRS SO e .............. SRR

(111 L T e .............. UUR P .............. SO e .

04
D3k .............. .............. .............. .............. .............. .............. N
a2l .............. .............. .............. .............. .............. N
01 R— S TSR T S

_ : : : tho’tgmn (s)
il - 3 - -

1.2.3. Thiét ké PID mo

C6 thé néi trong linh vyc didu khién, by PID duoc xem nhu mot giai phap
da nang cho cdc img dung diéu khién Analog ciing nhu Digital. Theo mot
nghién curu cho thay c6 khoang hon 90% cac bo dleu khién dugc sir dung
hién nay 13 b diéu khién PID. B diéu khién PID neu dugc thiét ké tot c6
kha nang diéu khién h¢ thong vai chat luong qua do tot (ddp ung nhanh, do
vot 16 thap) va triét tiéu dugc sai s6 xdc 1ap.

Viéc thiét ké bo PID kinh dién thuong dya trén phuong phdp Zeigler-
Nichols, Offerein, Reinish ... Tuy nhién néu ddi tugng diéu khién 1a phi
tuyén thi bo diéu khién PID k1nh dién khong thé dam bao chat luong diéu
khién tai moi diém lam viéc. Do d6 dé diéu khién cdc d6i tuong phi tuyén
ngay nay nguoi ta thuong dung ky thuat hiéu chinh PID mém (dya trén
phiam mém), day chinh 12 co s& cua thiét ké PID md hay PID thich nghi.

1. So' @6 diéu khién sir dung PID mo :
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» BO CHINH
—| DINH MO

de | v !

el THIFT EI
('HINH BINH Hink 1.6:

BOL TU NG >

o

Mbo hinh toan cia bo PID:

de(t)

u(t) = Kpe(r) + K, J.e(x)dx+ K,

K
Gpr(s) = K, +—+K s
s

Céc tham s6 Kp, Ki, Kp duoc chinh dinh theo tirng bd diéu khién mo riéng
biét dua trén sai léch e(t) va dao ham de(t). C6 nhiéu phwong phép khac
nhau dé chinh dinh by PID ( xem cdc phan sau) nhu 14 dya trén phiém ham
muc ti€u, chinh dinh truc tlep, chinh dinh theo Zhao, Tomizuka va Isaka .
Nguyén téc chung la bat dau véi cdc tr1 Kp, Ky, Kp theo Zeigler-Nichols, sau
d6 dua vao dédp tng va thay doi dan dé tim ra huéng chinh dinh thich hop.

2. Luit chinh dinh PID:

4 Tin hiéu ra
Ci
dat /NG~
by \/bz N
a
Hinh 1.7
aj thoi gia'n

+ LAn can a; ta can luat DK manh dé rit ng?in thoi gian 1€n, do vay chon: Kp
16n, Kp nhé va Ky nho.
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+ Lan can b, ta tranh vot 16 16n nén chon: Kp nho, Kp 16n, K nhé.

+ Lan can c¢; va d; giong nhu 1an can a; va by.

Vi du 1.5: Vi du wng dung Matlab
Xay dyng bd PID mo dé diéu khién 10 nhiét. Ham truyén 10 nhiét theo

—Ts ; K
Zeigler-Nichols : G(s) = Ke , tuyén tinh hod G(s) = .
Ls+1 Ts+1)(Ls+1)

Cic buéc thiét ké :
1. Xdc dinh bién ngon ngir:
e Diu vao : 2 bién

+ Sai 1&ch: ET =bo - bat / bat - bo
ET(i+1)—E®)

+ Téc d6 tang DET = , voi T 1a chu ky 1dy mau.

ePiura :3bién
A 0 Kpmax—Kp
+ Kp hé so ty 1€ (K, =—0——F"—
K b K , min

+ K; hé sd tich phan

+ Kp h¢ s6 vi phan
e S6 luong bién ngdn ngit
ET ={am nhiéu, am vura, am it, zero, duong it, dwong vura, duong nhiéu}
ET ={N3,N2,NI1,ZE, P1,P2,P3} .
DET = { 4m nhi€u, am vua, am it, zero, duong it, duong vura, dwuong nhicu }
DET = { N31, N21, N11, ZE1, P11, Pgl, P31 }
Kp/Kp = { zero, nho, trung binh, 16n, rat 16n } = {Z, S, M, L,U}
K; = {muc 1,miuc 2,mtc 3,muc 4, muc 5} = {L1,L.2,.3,1.4,L.5}

AU
N3 N2 NI ZE P1 P2 P3

ET
12 -8 4 0 4 8 12 0
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N31 N2INI11 P31

DET
0.6 -04-02 0 02 04 06 /s

ZS M L U

002505075 1 Kp

L1 L2 L3 14 LS5

»
>

1 12 1416 1.8 K

2. Ludt hop thanh:

C6 tong cong 1a 7x7x3=147 luat IF ... THEN
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DET
ZEl

P31

P21

P11

N11

N21

N31

Kp

N3

N2

N1

ZE

Pl

P2

P3

ET

Luat chinh dinh Kp:

DET
ZEl

P31

P21

P11

N11

N21

N31

U

Kp

N3

N2

N1

P1

P2

P3

ET | ZE

Luat chinh dinh Kp:

|~ XN X[~
M.J.LLLLLLL
1]23M32]
MLLL N
T1]22322]
EMLLLLLLL
=
m]]]2]]]
ZLLLLLLL
H]22322]
NLLLLLLL
m123m32]
NLLL N
<|3[33)3[3]3|3
Z
sl el hanlifa) Q
Z |z |Z|N|=| & &
N
fo
=

Luat chinh dinh K
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Biéu dién luat chinh dinh Kp trong khong gian

KR

DET A0 ET
3. Chon ludt va giai mo
+ Chon ludt hop thanh theo quy tic Max-Min
+ Giai mo theo phuong phép trong tam.
4. Két qua moé phong
V6i cdc thong sb : K=1; T=60; L=720
Tu day theo Zeigler-Nichols ta tim ra duoc b ba thong so {Kp, Kj, Kp }
bo 7thi dudi dﬁy s€ cho ta thay sy khac biét cia diéu khién mo so vai dieu
khién kinh dién.

Tham sé theo

’—\ Zeigler-Nichols

rThamsé
PID mo
N~
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1.2.4. H¢ mé lai
He¢ mf‘f lai ( F uzzy Hybrid ) l‘d mé{ hé thﬁng diéu lghién tw déng trong do thiét
bi diéu khién bao gom: phan diéu khién kinh dién va phan hé mo

Cac dang hé mo lai phé bién:
1. Hé mo lai khong thich nghi

—) A 4o A -
—| Botién -»(?—» BO DK POI TUONG
| Xt ly mo Y

A 4

Hinhl.8
2. H¢ mo lai cascade
E BPK MO Au
X;’(%_ " KI}?P?I;IEN @] por TUONG ’,
Hinh 1.9

3. Cong tic md

Diéu khién hé thong theo kicu chuyén doi khau diéu khién c6 tham sd doi
hoi thiét b1 diéu khién phai chira dung tat ca cac cau tric va tham so khac
nhau cho tirng truong hgp. HE thong sé tu chon khau dicéu khién ¢6 tham so
phu hgp vai doi tuong.

2 9 0y —
B diéu khién n —l 1 BPK MO
X - ) : .2 ( A y
—»%_—» Bo diéu khién 1 —> » Doi tugng >

Hinh 1.10
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Vi du 1.6:
Hay xét sy khdc biét khi st dung bo tién xir 1y mo dé diéu khién dbi tugng
g6m khau c6 viing khong nhay 12 Au ndi tiép voi khau G(s) = __k
s(1+0.25)
Chon BPK PI véi tham s6 Kp= 10, Ty= 0.3sec.
Poi twong
E + 1
4 B6 mo K,+— > -Au > G(s) Yy
DE Ax ¥ T,s Au

St dung Simulink két hop v6i toolbox FIS Editor cua Matlab dé mo phong
hé thong trén.
Diép g hé thong khi khong c6 bo mo:

XY Graph E]@-\

XY Plot

[

1.5

¥ AXis

0.5

0

0 P 4 b 3 10
A XS

Thr voi céc gid tri Au va K khdc nhau cho thiy dic tinh dong cta hé s& xu

di khi vung chét rong hodac h¢ so khuéch dai 16n. B¢ hi¢u chinh dac tinh

dong cua hé thong ta dua vao bg loc mo nhu hinh vé ¢ trén.
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Xay dung luat diéu khién véi 2 dau vao va mot dau ra nhu sau:

DE
Ax |[NB | NS |ZE [PS | PB
NB NB | NS
NS NS | NS | NS | ZE
E |ZE |NB |NS |ZE |PS | PB
PS PS |PS |PS | PS
PB PB | PS | PB

Tét ca 18 luat c6 khuon dang nhu sau:
Néu E = xI vd DE =x2 Thi Ax=x3
Trong d6 x1, x2, x3 € {NB, NS, ZE, PS, PB}
u Yu
NB NS ZE PS PB NB NS ZE PS PB

o vy
o
=

-20 0 20 D

Bl v Graph g@

XY Plot

1/
o
ol

0

Y Axis

0 2 4 6 8 10
X Axis

Tir hai do thi trén ta thiy duoc b mo di cai thién réat tot dic tinh dong cua

hé thong. Thir vdi nhiéu 4u khic nhau ta s€ thay ddp Gmng hau nhu khong

phu thudc vao Au .

Trang 37



Chuong 1 : Cong ngh¢ tinh toan mém

1.2.5. Ung dung diéu khién mo trong thiét ké hé thong
e Piéu khién mé khéong thich nghi (Nonadaptive Fuzzy Control)
' Diéu khién mé thich nghi (Adaptive Fuzzy Control) 7
Diéu khién mo thich nghi s& dugc xem xét ¢ chuong 3 (Di€u khién thich
nghi). O day, ching ta chi nghién ctru vé Diéu khién mo khong thich nghi.
1. B§ diéu khién mo tuyén tinh on dinh SISO
Phuong trinh bién trang théi ctia hé SISO
x(t) = Ax(t) + bu(r)
y(t) = cx(1)
u(t) =—fly@]

Thay phuong trinh cudi vao hai phuong trinh trén ta dugc hé mo vong kin:

y
@L—rb = ¢ »

A

Béitrons PE
BOE mo

t)
Hink 1.11: Chu tric hé SISO

F i

Thiét ké BPK mo 6n dinh SISO

® Budc 1: Gia st y(t) c6 mién gid tri 1a khoang U=[«a pJ, chia U ra 2N+1
khoang A nhu hinh vé bén dudi:

F 3 |_L
Ay Ag Ay Apwa by Aow Ao
1 2

/><><\ |

EH+1 IH+l BO¥
Hink 1.12: Ham thudc cia BBE

f H
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® Budc 2: Thanh 1ap 2N+1 luat mo IF — THEN c¢6 khudn dang
IF y=A; THEN u= By
trong d6 k = 1,2,....,2N+1 va trong tam y cua khoang mo By la:
<0—k=1..,N
y9=0—>k=N+1 (1.5)
>20—>k=N+2,..,2N+1

® Budc 3: Chon luat hop thanh tich, giai mo theo phuong phép trung binh
trong s0, ta c6 ludt diéu khién nhu sau:

2N+1 _
Zk:] YH 5, (»)
2N+1
zk=1 Il'lAk (y)
voi y thoa (1.5) va My (y) duogc néu trong Hinh 1.12.

u=-f(y)=-

2. B DK mo tuyén tinh on dinh MIMO
Phuong trinh bién trang thdi ciia hé MIMO:
x(t) = Ax(t) + Bu(t)

(1.6)
y(@) = Cx(t)

Gia sir hé c6 m dau vao va m dau ra thi u(z) = (us(t),....um(t))" c6 dang :
ud(t) = - fil y(t)] (L.7)

v6i k=1,2,...,m va fi[y(t)] 1a hé md m dau vao I dau ra.

Mo hinh hé théng c¢6 cau triic nhu Hinh 1.11, nhung thay cho cic s6 b,c boi
cdc ma tran B,C, ham v6 hudng f béi vécto f = (fifo..fi)-

Thiét ké BPK mo 6n dinh MIMO
e Budc 1: Gia sir ddu ra yi(t) c6 mién gia tri 1a Uy = [0y By], v6i k=1,...,m.
Chia Uy ta 2N+1 khoang A, va thiét 1ap ham thudc nhu Hinh F.2

¢ Budc 2: Thanh Lap m nhém luiat mo IF — THEN, nhém tht k chia
HZI(ZN . +1) luat dang:

IF yi= Alll And .... And Ym= A’IT’: , THEN u= Blilmlm

Trong d6 1;=1,2,...,2Ny+1; k=1,2,...,m va trong $b i,ﬁ""”“ cua tdp mo B,f""”"
duoc chon nhu sau:
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<01, =12,..,N,
=01, = N, +1 (1.8)
20>, =N, +2,...2N, +1

® Budc 3: Chon luat hop thanh tich, giai mo theo phwong phép trung binh
trong s0, ta dugc luat dicu khién:

Z:2N1+1 ZZN +l —h-»-lm (H:nl,UAz, (y))

e =S (¥ == (1.9)

I | BV7AEH)

voi k=1,2,...,m

3. Bé diéu khién mo toi wu
Phuong trinh trang théi
x(t) = Ax(t)+ Bu(t)

1.10
2(0) = (1.10)
voix € R"vau e R™, va chi tiéu chat lugng dang toan phuong:
T
J =" (@Mx(T) + [ [ 0Qx(t) +u” ) Rut) i (1.11)
0

véi Me R"™" Qe R"™" R e R"*™Ia c4c ma trin x4c dinh duong.
Ta xédc dinh u(t) dang nhu (1.9), voi u(t) = (upuz,...,um)"

2N|+1 2N +1 —11 " ( (x ))
Uy =—f,<(x)=—Z H’ Ao (1.12)

ZZNIH 2N, +1 (H ,U (x,)

Chiing ta can xdc dinh théng sd yh dé cuc tiéu J.

Ta dinh nghia ham mo co s6¢ b(x) = (by(x), ..., ba(x))" véi:

H:quA" (x)

b,(x) = (1.13)

ZZNIH 2N, +1 (H ﬂ (x ))

VOi l; = 1,2,..,2N+1; 1 = 1,2,..,Nva N=][]_ (2N, +1). Ta dinh nghia

ma tran thong s6 @ € R™ " nhu sau :
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o=[-0'-0,. -0 (1.14)

véi @) € R™ chira N théng s6 ¥, ¢6 bac gidng nhur by(x). Ta viét lai tin
hiéu diéu khién mo dang u = (Up,yesti)’ = (-f1(X),...,fo(x))" nhu sau:

u= Ob(x) (1.15)
Gio ta gid su ® = O(t). Thay (1.15) vao (1.10) va (1.11) ta dugc :
x(t) = Ax(1) + BO®)b[x(1)] (1.16)

va ham chi tiéu chat lugng 12 :
J =x"(T)YMx(T) + j [x ()0x(t) + b7 (x(£))®" (1)RO(1)b(x(1)) Hit (1.17)

Vi vdy van dé can giai quyét bay gio 1a xdc dinh O(t) tdi wu dé cy tiéu hod J.
Xét ham Hamilton:

H(x,0,p)=x"0x+b" (x)®"ROb(x)+ p"[Ax + BOb(x)] (1.18)

Ta cé6: 3—15 =2ROb(x)b" (x)+B" pb" (x)=0

Suyra: @ = —%R‘IBT pb" (x)[b(x)b" (x)]” (1.19)
Thay (1.19) vao (1.18) ta dugc:
H (x,p)=x"0x+p"Ax+[a’ (x)—a(x)]p" BR'B" p (1.20)
trong dé: a(x) = %bT (O)[BX)b" ()] b(x) (1.21)
Ap dung nguyén 1y cuc tiéu Pontryagin ta dugc:

. aH* 2 -1 pT

X = 8— =Ax+2[a” (x)—a(x)|BR B p (1.22)

P
p=—a§ =—2Qx—ATp—[2a(x)—l]@pTBR‘IBTp (1.23)
X X

Giai hai phuong trinh vi phan (1.21) va (1.22) ta s& dugc x (¢) va p’(t), tir 46
ta xac dinh duoc:

* 1 -1 T * T * * T * -1
C (t)=—5R B p ()b (x (0)[b(x ()b (x (1))] (1.24)
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Va bo mo ti vu sé 1a:

u' =0 (1)b(x) (1.25)
Cic budc dé thiét ké BPK mo t6i wu:
® Budc 1: Xac dinh ham thudc M, (x,)),vo1li=12,...2N;+1 val=1,....n.
Chon dang ham thudc l1a Gaussian.’

e Budc 2: Tinh ham mo co sé bi(x) theo (1.13) va tinh o(x) theo (1.21), xac
dinh tri dao ham : aaix) .

e Budc 3: Giai (1.22) va (1.23) dé dugc x'(1) va p'(), tinh @(z) theo (1.24)
v6ite[0 TI.

e Bud6c 4: Xdc dinh BDK mo t6i wu tir (1.25)

Vidul.7:

Hay thiét ké va mo6 phong hé thdng “Qua béng va don bay” nhu hinh vé sau:

Hinh 1.13

Thiét ké BPK mo dé diéu khién qua béng di chuyén tir diém gbc O dén muc
tiéu (vi tri dat) cach O khodang r. Chon bién trang thai nhu sau:

X:(r,l;,g,e)T :(XI,XZ,X3,X4)T va y=r=2Xx;

Phuong trinh bién trang thai duoc chon la:

X, X, 0
X, a(x,x; —Bsinx,)| |0
2= +|  lu
X, X, 0
x, 0 1

Chon M=0, Q=I, R=I, N;=2 véi i=1,2,3,4. Chon ham thudc dang:
’uA,’,', (x;) =exp[-2(x; — )—Ciz, )2]
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Trong d6 i=1, 2, 3, 4; 1;=1, 2, 3,4, 5 va )_ci"' =a;,+b,(l,—1) vo1 a;=a)=- 2,
az=aq=- 1 . b1=b2=1 , b3=b4=0.5.
Chon o= 0.7143, B = 9.81. Két qua md phong véi 3 myc tiéu khic nhau:

4. Piéu khién mo cé hé thong gidm sdt

v

Déi tuong

A

Bo DK mo

|| B6 DK gidm sét ||<—

Hinh 1.14

e Thiét ké bo gidm st
Xét hé thdng phi tuyén duge cho boi phuong trinh vi phan:

2 = fx, % x" ) + g (x, &, x " (1.26)
trong 46 x = (x,x,..,x" ™) 1a vécto trang thdi ra, u € R 1a tin hiéu diéu
khién, f va g 1a cdc ham chua biét, gia thiét g > 0.Gia sir ta dd c6 BPK mo:

u= ufuzz( x)
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Gia su |x(1)l <M, Vi voi My = const. Khi thém bd gidm sat thi tin hiéu diéu
khién hé thong s€ la:

U = Upzo(x) + *ug(x) (1.27)
trong d6 I* = I néu Ix(1)] >M,, I* = 0 néu Ix(t)l < M,. Ta can thiét ké bd
giam sat u(t).

Thay (1.27) vao (1.26) ta duogc:

X" = flx) + g(xX)upo(x) + g(x)[¥uy(x) (1.28)
Gia str ta ludn xdc dinh dugc hai ham fY(x) va g1.(x) sao cho If(x)l < fU(X) va
0 < gL(x) < g(x).

it : = [ foo-k"4] (1.29)
g(x)
Trong d6 k = (kn,kn_l,..,kI)T €R. Ta viét lai (1.28) nhu sau:
x™ =—ka+g[ufm —u’ +I*us] (1.30)
0 0 0 0 0|
0 0 1 0 0 0
bat A=
0 00 0 O 0 1
-k, -k, X -k, —k |
0
el
0
8
Viét (1.30) dang vécto :
X=Ax+blu,, —u +I1u] (1.31)
Xét ham Lyapunov : V = %xTPx (1.32)

Trong d6 P 1a ma trin d6i xung xdc dinh duong thoa phwong trinh
Lyapunov : A"P+PA=-Q (1.33)

Tu (1.31), (1.33) va xét truong hop Ixl =M, , ta cé:
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V= —%xTQx+xTPb[uﬁm —u" +u,]< ‘xTPb‘(‘uﬁm +u')+x"Pbu, (1.34)

Ta can tim ug d¢ V <0, két hop phuong trinh trén véi (4.6.25) ta dwoc:

1
u, = —sz'gn(xTPb)[—( FUA T+ (1.35)
8L .
Thay (1.35) vao (1.34) ta s& dugc V <0.
e Vidu 1.8:
Thiét ké hé théng c6 b gidm sét dé giir can bang cho con lic nguoc.
0=x
O=x, /-\ 2
mgsiné
Hinh 1.15
Phuong trinh trang thai:
X =X, (1.36)
. mlx cos x, sin x, COS X,
gsmx, — + ﬁ
m m
%, = e TR (1.37)
4 mcos” x, 4 mcos” x,
(=————) (————)
3 m.+m 3 m.+m
Thiét ké bo giam sat
Dau tién ta tim f* va g, taco
. mlx; cos x, sin x
gsinx, — == = 9.8+02 2
,X,)| = : < : =15.78+0.0366x;
|f(x1 *2 )| l(i ~ mcos’ x, 2 0.05 *
3 m +m 3 11
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chon fY(x,,x,)=15.78+0.0366x,
Dé con lic 6n dinh thi géc x;=0 < 20°. Suy ra My = 20°.

0
|g(x1,-x2)| 2 7 (;)0(8)20 =1.1
1.1(§+ﬁcos2 20°)

chon gr(x;,xz)=1.1

Chon cic théng s6 thiét ké nhu sau:

W8 k=2 k=1, 0 100
a = ) =2, =1, =
! ? 0 10

15 5
Giai phuong trinh Lyapunov (1.33) tadugc: P = { 5 15}

Thiét ké BDK m¢ dé dugc ug,.(X).
Tt (1.35) ta s€ dugc BDK c6 gidm sét hé con lac nguoc.

Diing simulink ctia matlab chay mé phong ta s& thay duoc tinh wu viét khi
c6 va khong s dung bo gidm sat.

5. Diéu khién mo truwot

1. Nguyén 1y diéu khién truot

Xét hé thong phi tuyén
= F(X)+g(X)u (1.38)
y(t) = x(1)

trong d6 u 1a tin hiéu diéu khién, x 1a tin hiéu ra, X = (x,%,...x" )" Ia

Véct(y’ trang thai. Trong (1.38) f(X) 1a ham chua biét va bi chin bai mot ham
da biét:

F(X) = FX)+AF(X) (1.39)
va A (X)| < F(X) (1.40)

0<go<glX)<g; (1.41)
trong dé f(X),F(X) dabiét, gy, g; 12 céc hing sb duong.

Déi voi muc tiéu diéu khién 6n dinh hé théng thi chiing ta can x4c dinh luét
diéu khién hoi tiép u = u(X) sao cho ngd ra cua h¢ thong x — 0 khi t — oo.
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Dé lam dugc didu nay ta dua ra ham truot sau:

d"'x d"*x dx
S=—-—+a,,——t+..ta,—+ayx (1.42)
dt" dt" dt
trong d6 n 1a bac cua ddi tuong.
Céc hé sb ag, ay, ... , ans phai dugc chon sao cho da thiic dac trung ctua

phuong trinh vi phan $=0 la da thirc Hurwitz.

Phuong trinh §=0 m6 ta mot mit trong khong gian trang thdi n chiéu goi 1a
mat truot ( Sliding surface).

Ta can xédc dinh luét diéu khién u sao cho S — 0 dé c6 x — 0.

D6i v6i didu khién bam muc tiéu, ta can x4c dinh luat diéu khién u = u(X)
sao cho trang thai ciia hé théng vong kin s& bam theo trang thai mong muén

_ . (n- 1))
X, = (xd’xd’ » Xy
Goi e la sai 1éch gitra tin hi¢u ra va tin hi¢u dat:
. n\r
e=X-X,= (e,e,...,e(" 1))

Muc tiéu diéu khién 12 triét tiéu e khi t — o
Dinh nghia ham trugt :

d"'e d" e de
S(e)=——+a,,——+..+ta,—+aye (1.43)

dt" dr"” dt
trong d6 n 1a bac cua ddi tuong diéu khién, cdc hé $6 ag, aj, ... ano duoc

chon sao cho da thurc dac trung cua S(e)=0 la da thuc Hurwitz.

Str dung phuong phdp Lyapunov, chon ham V xdc dinh duong nhu sau:

l .
V==35 1.44
5 (1.44)
= V=5S (1.45)

Pé V xdc dinh 4m ta chon luét diéu khién u sao cho:
Khi S>0 thi S <0
Khi §<0 thi S >0

Do vay véi ham trugt S(e) ta xdc dinh luat diéu khién u thoa:

d—Ssign(S) <0 (1.46)
dt
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V6i ludt didu khién nhu vay, hé thong s& 6n dinh theo tiéu chuan Lyapunov,
lic nay moi quy dao trang thdi ctia h¢ thong bén ngoai mat trugt s€ duoc
dua vé mat truot va duy tri mot cidch bén viing.

A X=X

Hinh 1.16 Mat truot bac hai

2. Hé thng diéu khién trugt mo
Xét hé théng (1.38), ta can xéc dinh luét diéu khién u dé dua ngo ra cua hé
thong bam theo theo gid tri mong mudn cho trudc y(¢) — y4(t) hay n6éi cach
khic Ia ¢ =(y? —=y?) >0, i=0.1,...n-1
Dua vao dit tinh cua bd diéu khién truot ta can thuc hién hai bude sau:
Buwdc 1: Chon mait truot S
Budc 2: Thiét ké luat diéu khién cho hé théng roi vao mit trugt S = 0 va
duy tri & ché d¢ nay mai mai.

. T ) . T
Goi  e(t) = (e,(1),€, (D), ) = [e(t), (1), (1)
Chon ham truot:

dnfle dn72e
Se)=——+b, ,——

( ) dtn—l n-2 dtn—Z

Trong d6 by, by,...,b,2 dugc chon sao cho nghi€ém cua da thuc dac trung

p" ' +b, _,p"? +..+b p+b, =0 déu nim bén trai mat phang phic.

de
+...+bIE+boe (1.47)

Mit truot S duge cho boi phuong trinh S(e) = 0, luat diéu khién u duoc

chon sao cho cj{—ssign(S) <0.
t
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3. Thiét ké bo diéu khién mo truot bac hai
Xét hé thong phi tuyén bac hai sau:
i=f(X)+g(X)u

y=x

(1.48)
(1.49)

trong d6 X = (x,x)" 1a vécto trang théi, u 1a ngd vao diéu khién y(z) 1a ngo

ra cua hé thong.

Muyc tiéu cua diéu khién la x4ac dinh luat diéu khién u dé ngd ra ctia hé thong

bam theo quy dao mong mudn y,(7) vé6i sai s6 nho nhét.
Luat diéu khién u gdm 2 thanh phan:
U= Ueg + U

Thanh phan u,, dugc thiét ké nhu sau:
1T - .
u,, (1) =§[—f(X,t)+yd(t)—/1e] , (A>0)
Thanh phén us; dugc chon la:

u,, 0]

u, ()2 L F X0+ )+ (@ - 1)
2

Trong d6 f (X,t) la gid tri udc luong cua f(X,t)

F(X,t) 1a can trén cua sai sO udc lugng

O0<go<gX)<g
g€ =808
oz &

8o

Luét diéu khién mo duoc thiét ké nhu sau:

{Lf(t),—) S<0
u(t) =
u (1),—>S>0

Trong dé:
w0 =u,, O+ kg X0+ 1) + (@~ Dlu,, ()|
w () =u, () —kg™ [a(F(X,t) +1) +(@-Dlu,, (r)\]

(k>1)

(1.50)

(1.51)

(1.52)

(1.53)

(1.54)
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H¢ qui tdc md ¢6 khudn dang nhu sau:
R :Néu S<0 Thi u'(t)=u" )
R*:Néu S>0 Thi u*@t)=u*(@) (1.55)

Chon luat hop thanh tich, giai mo theo phuong phéap trong tam, luét diéu
khién u dugc xac dinh nhu sau:

S B.(S)u' (1)
u(t) = = (1.56)

r

2. B.(S)
i=1
Véi 7 : 80 luat mo
B.(S)=T]xu,
JE
M, (S) 1a ham thudc c6 dang Gaussian nhu sau:

_H{-"h I am duang

Hinh 1.17 : Dang ham thudc dé mo héa

4. Thiét ké BDK mo& truot cho hé théng nang vat trong tur trrong

M6 hinh:
Hinh 1.18 minh hoa mot h¢ thong nang vat bang tir truong, tir truong dugc
tao ra tur cudn day quan quanh 16i thép, cudn day nhan 4p di€u khién u.
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ye

Hinh 1.18 : Hé théng nang vt trong tir trudng

Phwong trinh toin mé ta hé théng

dh

&%y

dt

it d(L(h)i)
dt

.\ 2
mﬂ =mg —C(L]
dt h

u=R

Trong d6:
h : vi tri hon bi (m)
v : van toc hon bi (m/s)

i : dong dién qua cudn day (A)

u : dién dp cung cap cho cudn day (V)

R, L: dién tré va dién cam cudn day (€2, H)

C : hang s6 lyc tir (Nm*/A?%)
m : khéi lugng hon bi (Kg)
g : gia tdc trong truong. (m/s’)

(1.57)

bién cdm cua cudn day 1a mot ham phi tuyén phu thudc vao vi tri cia hon bi

L(h =L, +%

L; 1a di¢n cdm cua cudn day khi hon bi & rat xa.

Chon bién trang thai nhu sau:

(1.58)
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xi=hx=v,x3=1 (1.59)
Vécto trang théi cua h¢ théng X = (x5, x2, X3)T
Tu (1.57), (1.58) va (1.59) ta dugc phuong trinh trang théi:

X =X
C 2
i,=g ——(ﬁj (1.60)
m\ x,
. R 2C [ x,x, 1
Xy =— X+t —| = |[+—u
L L x) L

Diém can bang ciia hé thong 1a nghiém ciia hé (&, = 0,%, = 0,1,=0)

sn
C

Goi Xy = [ X140 X2 X3a ] T1a vécto trang thai mong muon.

cye T , .
Gidi ra dugc Xp, = [x15, 0, x3, ], VO1 X, = X,

Muc tiéu cta h¢ thong la dua X tién vé X, véi sai s6 nho nhat.

Thiét ké BDK truot

Thuc hién phép dbi truc nhu sau:

2 = %, (1.61)

2
C| x,
ki
1

Lic nay ta can xdc dinh luat diéu khién u sao cho Z = (z,, 22, Z3)T tién vé
(0,0,0)" khi t — oo, khi &y X — X,. o
Két hop (1.60), (1.61) va mot s6 phép bién doi ta dugc:

=2,

. (1.62)

2y =13

2
=g o) 2125 | K —\/T—zﬁu
Z, + Xy, L(z, +x,,) L L(z, +x,;,) \m

Trang 52



Chuong 1 : Cong ngh¢ tinh toan mém

Dit

2 /C
g(2) ——m ;(g —Z3)u

o n [, ac R
f(Z)_Z(g Z3)|:Z1+x]d(1 L(Zl+x14)j+L:|

Tu (1.62) va (1.63) ta dugc mo6 hinh dong hoc cua hé théng trong h¢ toa do
moi nhu sau:

(1.63)

=2,
=12 (1.64)
Z;=f(2)+g(2u

Ngo ra cua h¢ théng trong h¢ toa do moi la:

e=2z, =X —X, (1.65)

Moi quan h€ ngd vao va ngo ra:

e? = f(2)+g(u (1.66)
Hai ham f{z), g(z) twuong ung trong hé toa do ban dau 1a fi(x), gi(x):
2 2
o= 502542
! ! ! (1.67)
2Cx,
X)=— -
81(x) mef

Ta viét lai (1.66) trong hé toa do ban dau:

e = fi0)+ g, (xu (1.68)
Chon mat truot nhu sau:
S=é+ae+a,e (1.69)

Véi a;, ap dugc chon sao cho da thuc dat trung cua phuong trinh S = 0 la
Hurwitz.
Tur (1.69) va (1.64) ta duoc:

S=z,+a,z, +a,z, (1.70)
Lay dao ham cua S theo thoi gian ta dugc:
S=z,+a,2,+a,z, = f(2)+g(Qu+ta,z; +a,z, (1.71)

Chon luét diéu khién u nhu sau:
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1 )
U= —[_ f(2)—a,z; —a,z, —Wsign(z; + a,z, +a0Z1)] (1.72)

8(2)
Thay (1.72) vao (1.71) ta duogc:
S = —Wsign(z, +a,z, +a,z,) = —Wsign(S) (1.73)

Néu chon W 1a hiang s duong thi ta s& dugc SS < 0. Do vay bién trang thai
Z s€ hoi tu ve zero khi t — oo thod yéu cau de ra.
Ta c6 thé viét lai mat trugt S dudi dang ham cua x;, x,, x3 nhu sau:

2
S:g—g(ﬁ] +ax, +ag(x, —x,) (1.74)
m\ Xx,

Va luat diéu khién u 1a:

2 2
1 Clx : Clx
u=—|-fi—a| g——| = | |—ay, ~Wsign g ——| = | +ax, +a,(x, —x,)
8 m\ X m\ X

(1.75)

Mo phéng Matlab:

Céc thong s6 mo phong ctia hé thong

Khéi luong hon bi m = 11.87g, ban kinh R = 7.14mm, mdt nam cham dién,
dién tré cuon diy R = 28.7Q, dién khang L, = 0.65H, hang sb luc tir
C=1.4x10""Nm’A”.

So d6 Simulink

L e

1H.,.
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Két qua md phéng:

Foziton [in]
0z T T T I T T

Hinh 1.19: Vi tri va dp diéu khién khi tin hiéu dit bién thién

Pozton [m|

002 — : ! ! T T T

ums-~-ﬁ~~~~p~~-~~~@~~~~~-~@~~~~-~~}~~~~~-~}~~~~-~~@~~~~~~—

nm

0 0z 04 0§ 0.5 1 12 1.4

Appled Valkage (V]
40 T ! ! ! ' !

1] nz2 0.4 06 ne 1 12 1.4

Hinh 1.20: Vi tri va 4p diéu khién khi tin hiéu dit 1a hang s6

Trang 55



Chuong 1 : Cong ngh¢ tinh toan mém

Thiét ké BPK truot mo cho hé thong ning vit trong tir trudng
Trong phan thiét ké BPK truot ta da biét luat diéu khién u nhu sau:

u:i - fi —al[g—g(ﬁj J—aox2 —Wsign(S)

8 m x;

v6i S dugc xac dinh tir (1.74), f; va g; dugc xac dinh tir (1.67).

Do trong luat diéu khién c6 ham sign nén giy ra hién tugng dao dong, dé
khac phuc nhugc diém nay ta thém khau xu 1y mo trong bo diéu khién de
thay thé cho ham sign.

Chon luét diéu khién u = Ueq + Us , VOI:
1 c(xY
X
e =—|=f1—q g__(i] —ayX, (1.76)
81 m X,

Cac buéce xay dung b§ mo:
Bwée 1: Mo hoa mat truot S

1)
In=g neg ZErD pos lpos

Hinh 1.21:Ham thudc véi S tap mo

Budrc 2: Xay dyung hé qui tic mo:
R':If Siszero  Then u'= Ueg
R’: If S is pos Then = Ueqg + Co
R:If Sislpos Then u = Ueg + C;
R*: If Sisneg Then u’ = ueg — Co
R: If Sislneg  Then W = Ueg— C
Co, C; la cac héng $b duong Cy > C;
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Buwéce 3: Giai mo

Bang phuong phép gidi mo trong tam, luat diéu khién u dugc xéc dinh:

U=-—
2B
i=1
Trong d6 14 d6 ding cua qui tac thi i :
B=u,,(©S)
By =1,,,(S)
By = My, (S)
By =ty (S)
Bs =ty (S)

So' do Simulink

@
N

5 .
Zﬂi”l
i=1

T
]

yrr 1F+

Shder Surface

(1.77)

(1.78)

Fuzee Legic
Contiolal
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Két qua mo phéng

oSu dung 3 tap mo, chon Cy = 350.

Foziton |m)

0.1 i

0 i

100 .

Aoplied Walkags (V]

—

A S—

0 nz

04

[E 0.8

12

14

Hinh 1.22: Vi tri va 4p DK khi tin hi¢u dat 1a xung vudng

0.0z :

Psstion [ri)

|:||:|'|E...

ani =

Applisd vdltage [v]

100 :

D i

I 0.2

04

E Qe

Hinh 1.23 Vi tri va 4p DK khi tin hiéu dat 13 hang s6

1.4
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oSt dung 5 tap mo, chon Cyp =100 va C; = 350.

F azitice |

A ; AT .

Appled Yalkags [V
100 ,

T ! !_ ! ! ]
T T e R PR SRR SO prarey e

0 nz 0.4 0.6 0.4 1 1.2 1.4

Hinh 1.24 Vi tri va d4p DK khi tin hi€u dét 1a xung vudng
Foztion [m|
0.0z , ; , , , ,
|:||:|-|E;__
DME,_H_
0.m == L . . . .
100 | | .ﬁ?niadvutageqd] | |
] T S S SR SRR

0 1 1 1 1 1 1
1] n.z 0.4 0. 0.4 1 1.2 14

Hinh 1.25: Vi tri va 4p DK khi tin hi¢u dat 1a hang s6
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oSu dung 7 tap mo, chon Cy = 100, C; = 200 va C; = 350.

Pazition |m)

o = ! .

(115 S 4 ’ .............. ...... ,_ *.‘

DOER - gt L T O i
5 : . X *

nndlb... S, s ZELEE RO ;....\. ......... ] EEEE f' ............. |

[ 1l ............. RERERE ‘_ ............. l,’_

100

1 : ! : S

Hinh 1.26: Vi tri va ap DK khi tin hi¢u dat 1a xung vudng

Paziian [ra)
n.oz2 | | T T T T
T SO e SR e I S i
u_|:|1.1_..f".........é .............. .............. .............. ............. |
0 " \ \ \ \ I

100 ! ! ! ! ! !

Hinh 1.27: Vi tri va 4p DK khi tin hi¢u dat 1a hang s6

Két ludn
- Viéc thém BPK m¢ da triét ti€u hién tugng dao dong.
- DPép tng hé théng tot hon.
- Chon 5 tap mo la thich hop nhat khi xay dung BDK mo.
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1.3. Mang noron nhan tao

Nhitng nam 40 cta thé ky 20, v6i mong mudn ché tao nhirg cd may
thong minh ¢6 chirc nang nhw bo ndo con nguoi, cdc nha nghién ctru da phat
trién nhitng md hinh phan ctmg (sau d6 12 phan mém) don gian vé céc no-
ron sinh hoc va co ché twong tic ciia ching. McCulloh va Pitts 13 nhiing
ngudi du tién dd xuat ban mot cong trinh nghién ctru ¢ tinh hé thong vé
mang no- ron nhan tao.

Dén nhimng niam 50 va 60, mot nhém cdc nha nghién ctru di két hop

nhitng kién thirc vé sinh hoc va tam than hoc dé tao ra mot mang no-ron
nhén tao hoan chinh dau tién. Ban dau duoc ché tao dudi dang mot mach
dién tir, sau d6 cdc mang no-ron dugc chuyén thanh cic chwong trinh md
phong trén mdy tinh c6 mtrc do linh hoat cao hon.
Trong thdi gian gan ddy mang no-ron phét trién manh mé& véi cic nghién
ctru cua Rosenblatt, Widrow va Hoff vé cdc mang no-ron nhiéu 16p phuc
tap. Mat khac, do kha nang cua phan ctng may tinh tiang 1én rat nhiéu ciing
g6p phan vao su phit trién cua linh vuc nghién ctru nay. Mang no-ron nhan
tao dugc ung dung trong nhiéu linh vuc nhu: nhan dang, phan loai, xu 1y
anh, céc hé théng diéu khién, dy béo....

1.3.1. CAu triic mang noron nhan tao (Artifical Neural Networks - ANN):

B0 ndo con nguoi c¢6 khoang 10" + 10" no-ron. Mbi no- ron c6 thé lién két
v6i 10* no-ron khéc théng qua cdc khép ndi (dendrite). Cac no- ron nhan tin
hiéu dién tir cdc khép ndi va khi sy tong hop cua cic tin hiéu nay vuot qua
mét ngudng cho phép thi no-ron s& kich hoat mét tin hiéu dién ¢
ngd ra dé truyén t6i truc no-ron (axon) va dan dén céc no-ron khéc.

Maéi ndi
Ay

Tin hiéu ra tir
céc truce nd-ron khic

Truc ng-ron

Thin nd-ron

Cdu triic mot no-ron sinh hoc

Mang no-ron nhan tao ciing hoat dong dua theo cich thic cua b ndo con
nguoi nhung & cap d¢ don gian hon.
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Mang noron la sy tdi tao bang ky thudt nhitng chirc nang cua hé than kinh
con ngueoi. Mang noron gom vo sé cdc noron lién két véi nhau nhw hinh sau

Khop ndi
Hai ddc tinh co ban cia mang noron la:

+ Qud trinh tinh todn dwgc tién hanh song song va phdn tdn trén nhiéu

noron gan nhuw dong thoi.
+ Tinh todn thire chdt 1a qud trinh hoc, chir khong phdi theo so do dinh
san tu trudc.

M0 hinh toan cia mang noron nhéan tao :
Mot mang noron nhén tao gom 3 thudc tinh: trong sé két ndi, ngudng
va ham kich hoat.

ST,

W, W ow| —
E e .\'.

z_.d'_'-\-\. \ . :
\s AR 1Tz kich III-*.-.I.

l‘\,\__ __/"l ---_"---.___ "}>' T T .
ol - fe .
/'\.__.:' -
- a

R R

i #owg / ) ) ;
R AT T T RPN

. T .« . A ~ s
Tadat: X =[x1, X2, ..., Xp] 12 cuong do cua vector ngd vao.

Ngd ra cua mang dugc tinh theo cong thuc:

y= f(zn:wjxj —9]: fw'x -o)
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Trong so két noi:

W=[wl, w2, ....wn] ¥

Ngudng (ngudng phén cyc —bias): Kihi¢u: 6
Ngudng 1a gia tri bién do do 1éch, né anh hudng dén su kich hoat ngd ra ciia
no-ron theo cong thtrc:

u=xTw-g

Ham kich hoat
Qua trinh xtr Iy thong tin gdm: xur 1y tin hiéu dau vao va tin hi¢u dau ra
e Ham tong (u): ding dé két hop va xir 1y cdc thong tin & dau vao
Mot sé dang ham tong thuong gap:

Ham tuyén tinh (linear fuction):

u =[ijxj]—9=WTX -6
=

Ham toan phuong (quadratic fuction):

u =£ijx2j]—l9
j=1
Ham cau (spherical function):
1 & ) 1 r
u=| =, —w, ) |-0=— X -W) (X -W)-6
p A P

Thong thudng, ham tong duge sir dung nhiéu nhat 1a ham tuyén tinh.

¢ Ham Kkich hoat (activation function): 1a ham xir ly tin hi¢u ngo ra.
Ki hiéu: f(.)
M6t s6 kiéu ham kich hoat thong dung :

Ham nic: fiw)

y=f(u)={

0, u<o
1, u=0 "
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Ham dau:
1 u<0

{u)

y=f(u)={1’ 450

Ham tuyén tinh (linear fuction):

y=fu=oau

Vo1 o 1a hé so goc cua ham.

Ham tuyén tinh bio hoa:

1N

Ity

-1, u<-1 0
y=fu)=1u, -1<u<l
1, u>1

Ham dang S (Sigmoid) don cyec:

1
= u))=
y=f(u) o

Vé6i: A 1ahé sé dang ctia ham sigmoid

Ham dang S ludng cuc:

y=f(u)=1 ——1

1.3.2. Phan loai mang noron nhan tao:

Céc loai mang c6 thé dugc phan loai dya trén cic tinh chat ctia né:

e Theo s6 16p:

o Mang mdt 16p (mang don no-ron): mang chi gdém 1 no-ron
o Mang nhiéu 16p (mang da no-ron): mang gdm nhiéu no-ron
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o Mang truyén thang (mang nudi tién): cdc tin hiéu trong mang
chi truyén theo mét chiéu tir ngd vao dén ngd ra.

o Mang héi quy (mang nudi lhi): céc tin hiéu hoi tiép tir ngo ra
tré vé ngd vao.

Y I = b v
+ Yo - o
x3
L
| i ¥In
¥n T
e
Ngbra
Mang truyén thang 1 16p Mang héi quy 1 16p
x1
y
x2

Lopvao  Lépbiche Lopra
Mang truyén thing nhiéu 16p

Lopvao  Lépbiche Lopra
Mang hoi quy nhiéu l6p
1.3.3. Cac phwong phap huan luyén mang no-ron:
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C6 hai kiéu hoc:
> Hoc thong s6 (Parameter Learning): ding dé cap nhat céc trong sb
lién két gifta cdc té bao no-ron va ngudng phan cyc trong mang.
» Hoc cau trac (Structure Learning): dung dé thay doi ciu tric mang
bao gdm ca té bao no-ron va céch lién két gitra chung.
Ta c6 thé st dung riéng 1€ hay ddng thoi ca hai kiéu hoc trén. Tuy nhién, 6
day ta chi dé cap dén kiéu hoc thong s6. C6 3 luat hoc théng so:
= Ludt hoc c6 gidm sdt:
Cho tap céac dir licu Vao —-ra: {x;,d;}, {xo, dz} ,{Xq, dg}
Ban dau cdc trong sb ctia mang duoc chon bat ky Kh1 c6 ngd vao mang Xq
ngd ra cua mang yq dugc so sanh voi ngd ra muc tiéu dq. Luat hoc dya vao
sai 6 eq = dq — yq hiéu chinh trong s6 va ngudng phan cuc ctia mang dé dua
ngd ra vé gén véi muc tiéu.
/7

Trong s6 Wcla
XL mang than kinh y
Tin hiéu vao Tin hiéu ra

7

e B6 tao tin

= hiéu sai léch <:| a

Tin higu Tin hiéu ra
sai lech mong muén

» Ludt hoc cung co: khong nhu hoc c6 gidm sit dugc cung cép muc
tiéu trudc (mdi tin hiéu ngd vao s& c6 mot tin hidu ra twong ng), ludt hoc
cing ¢ chi duoc cung cap theo muc (Vi du: “ding” hoic ¢ 'sai”). Boi vi
trong thuc té khong phai lic nao ta cling c6 day du théng tin vé dbi tuong.
Vi vay, kiéu hoc ctng ¢ s& thich hop nhat cho nhiing tmg dung diéu khién

hé thong.
J

Trong s Wcla
x |:> mang than kinh > y

Tin hiéu vao Tin hiéu ra
Tin hiéu
danh gia Bé6 tao tin
hiéu danh gia [ d
Tin hidu cliing c8
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= Ludt hoc khong cé gidm sdt: trong s6 va ngudng phan cyc chi duge
hiéu chinh ddi véi ngo vao. Khong cé muc ti€u ngd ra dugc dat trude. Co vé
nhu diéu nay thiéu thuc té, vi 1am sao huan luyén duoc mang néu khong biét
no s&€ lam gi? Hau hét nhiing thudt todn nay s€ tu phat hién cac dac diém,
cic mdi tuong quan gitra cdc mau dit lidu vao va ma héa thanh dit liéu ra.
Diéu nay rat hitu ich trong nhirng tng dung nhu luong tir hod vector.

/

Trong s6 Wcla
x mang than kinh > y
Tin hiéu vao Tin hiéu ra

1

1.3.4. Mang truyén thing mot 16p (mang perceptron don gian):

Thuit toan hoc perceptron:
Viao cudi nhing ndm 1950, Frank Rosenblatt va mot s6 nha nghién
ctru khdc da phat trién mt loai mang neutron goi 1a perceptron. Rosenblatt
da gioi thiéu mot ludt hoc. dé huan luyén mang perceptron giai quyét mot sd
van dé nhan dang kiéu miu. Mang perceptron s& hoc tir nhitng dap ung ma
ta dua vao. N6 ciing ¢6 thé hoc khi dyoc cho nhiing gi4 tri trong s va phan
cuc ngau nhién.
Ngay nay, mang perceptron van du’O’c xem la mot mang quan trong vi tinh
nhanh va chinh xdc d6i véi nhitng van dé ma né c6 thé giai quyét.
1. C4u tric mang perceptron
Mang perceptron tong quét ¢é cu tric nhu hinh :

[put Hard Linut Layer
-
a
W \ T"
— i ’
ey SN
j o

[
st ‘

-~

A = havdlimaWp -1l

Perceptron c¢6 ham kich hoat 1a ham hardlim (ham gioi han cung):
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a = baiglimipe = I L RS (]
| & arireriz -
! = - a
n = TILP_:_.
Ma tran trong so:

B W Wog e W
wo= [Mnowin Wil o |w Vil I
i u . i “
h ) A W ", g

Ng0 ra cua mang:
a = hardlim: Wp = b

a, - Lavdinmili v — frialines 1.1. p -i .
Nhén xét:
M01 no-ron trong mang sé chia khong gian ngo vao thanh 2 mlen mot
mién bao gdm céc ngd vao sao cho ngd ra bang 1 va mot mién bao gdm cic

ngd vao sao cho ngd ra bang 0. Vi viy, ta can khao sit duong phan chia
gitta nhirng mién nay.

2. Cach xac dinh dwong phan chia ranh giéi:
C6 2 cach xac dinh :
> Céch 1: Dya vao phuong trinh duong phan chia: . w'p+b, =0
Vidu 1.9:
Khao sat mang Mang Perceptron don neutron nhu hinh
Inputs  Two-Input Neuran

A N Y
e
RPN 4

a=eaedien Wp—k
Ngo ra cua mang la:

5 = hgrdlhmins = bardlpeaWp—E

L

= lardlien -_11."' p-bo= Lavdiudgew. o - w -
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Phuwong trinh duwong phan chia :

_ . - o=
NS oW p T S wme oz = wpeo= b = 1.

Ta chon trong s6 va ngudng phan cuyc:

we . =1 s =1 k=t

Duong phﬁn chia ldc nay la:

no=ow p‘-'* = . .p.oew Lp.o=h = p epy=1 =3

Pé tim duong thang nay, c¢6 thé tim giao diém ctia né véi truc p; va p.
Tim giao diém véi truc p,, dit p;=0:
4 -1

Tim giao diém véi truc p;, dit p,=0:
E -1
= e = — = = | fr. =10
F1 A 1 th e

Khi dé, ta tim duoc du(‘)’ng phén chia nhu hinh sau:

f =
B4 a=1

LA

wp-b=h |

]r

Mién tuong tng véi ngd ra bang 1 duoc xdc dinh bang céch kiém tra thir
mot diém. Vi p=[2 01, ngo ra s€ la:

.- T - . N
o = kovdlipiwip o= to= soedlom |: -
&

&

Vay ngo ra cua mang s€ bang 1 ¢ mién bén trén va bén phéi cua duong phan
chia. Mién nay dugc t6 dam ¢ hinh trén

> Cich 2: Dya vao do thi:
Ta chd y rdng duong phan chia ludn tryc giao voi (w
nhu hinh bén. Puong phan chia duoc dinh nghia la:

i, = &

v
_ wop-I =

Déi voi nhing diém trén duong phéan chia, tich ;w'p
ludn khong d6i. C6 nghia la nhimg vector ngd vao p nay
phai c6 cung hinh chiéu 1én vector trong s0. Vay ching
phai nam trén ciing mot dudng thing truc giao voi

]r
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vector trong s6. Hon nira, nhitng vector & mién t6 ddm ctia hinh trén s& c6
tich ;w'p 16n hon —b, con & mién con lai thi tich ;w'p s& nho hon.Vi vdy
vector trong s6 |w s& luén huéng vé mién c6 ngd ra bang 1.

Sau khi dd chon vector trong s ding hudng, ngudng phan cuc duoc
tinh bang cich chon mot diém trén duong bién va cho thoa phwong trinh
duodng phan chia.

Vidu 1.10: i
Thiét ké mang perceptron thuc hién ham chirc ndang cong AND. Céac cap ngod
vao va muc tiéu cua cong AND la:

(o= oo o= o o= om0 oo [ =1}

Ta chon mot dudng thang phan vong trang va vong
den ra 2 mién nhu hinh bén.

Tiép theo ta chon vector trong sd truc giao voi dudng
phan chia:

Cubi cling, chon mot diém trén duong phan chia p=[1.5 0]" va tinh ngudng
phén cuc b bang cach thé vao phuong trinh:

_“-"P-,'_1:|:‘: {|{1-‘}-5=;-5~=3 = bh==:

Lt
C6 thé kiém tra lai ddp Ung ciia mang véi mat cdp ngd vao/muc tieu. Néu
thir vo1 pa, ngod ra sé la:

-

1 il

L. . . . . a R

a = kevdlismiw p-= 1 = .«;::r.f:r;.r.'l [: ;l] |:“] — i
! !

g = pardlivn-1y = 4.
Ta thay ngd ra trung v&i muc ti€u t,. Kiém tra cho tat ca cadc ngd vao con lai,
ta thay ching déu phan loai ding.

Chii y : d6i voi mang perceptron da no-ron, mdi no-ron c6 mot dudng phan
chia. Puong phan chia cho no-ron thtri la:

..u"._p =0 =0
Mot perceptron don neutron c6 thé phan vector ngd vao thanh 2 loai vi ngd
ra cua n6 co6 thé 1a 0 hoac 1. Mang perceptron da neutron c6 thé phan ngd
vao thanh nhi€u loai, moi loai dai di¢én bdi mot ngd ra khac nhau. Vi moi
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phan tr cua vector ngo ra c6 thé bang 0 hodc 1, nén c6 tong cong 25 loai ngod
vao voi S 1a sO neutron.

3. Luét hoc perceptron
Luat hoc perceptron thudc loai luat hoc c6 gidm sat.
Bai toan thir nghiém:

Cho céc cap ngd vao va muc ti€u cua bai toan la:

I N L F

Mang perceptron dung dé giai bai todn nay can c6 2 ngd vao va 1 ngo ra.

Inputs  MNo-Bias Meuran

f v "
& e g 3 10 .'-
ST
> .. % -
N N 3
3= ardalm W

Test Problem Network

Xay dung luat hoc
Trudc hét ta gan cdc gid tri khdi dau cho thong s6 ciia mang.
Chon b =0 va ;w bat ky:
A | DE
Dua vector ngd vao vao mang perceptron, bat dau véi p;:

n = ::f‘.‘l'd||."i‘i'.'l;“':1'_l;l = .a'.'::r,ﬁr.u.'r [: F ) ]|:{| ’

l o= hardliv 06, = 0
20 | @ ! R )
Ngd ra chua ding véi gid tri mong muon (t; = 1),

ﬁ)\ ™ nghia la duong phan chia khong chinh x4c.Ta can
1“
3

thay vector trong s6 d€ né hudng vé p; nhiéu hon.

Ta c6 thé dat ;w = p;. Cdch nay don gian va dam bao

p1 s& dugc phan loai ding. Tuy nhién né khong thé o

giai quyét nhiing bai todn c6 dang nhu hinh bén. Boi

vi mdi lan vector nay khong duoc phan loai diing thi

trong s s& hoan ddi qua lai va khong thé giai bai toan. e
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Mot cich khac 1a cong p; vao jw. Viéc cong thém s€ lam cho ;w hudng vé
p1 nhiéu hon. Luat nay c6 thé dugc viét nhu sau:

H:= tanda =0 hen w ' = I“':::." P
Ap dung tinh gid tri méi cho ;w:

R R

Ta thay p; da dugc phén loai ding. Tuong tu cho cdc ngd vao con lai

- Ed

V61 ngd vao pa, ngod ra tuong tng la:

o= ::ﬂ"d},‘ﬂ;‘;\"'rp:j = :.-::r.ﬁm.'lr [_-: o :] |:_qu| '
d z

= gardifun Gy = 1

Ngd ra chua diing véi gid tri mong mudn (t, = 0). Ta can
dua ;w ra xa p; hon, bang cach doi luat:

IF: = Oand 2 = 2 then w = n  —p

Ap dung vao bai todn ta duoc:

e [ [

Kiém tra tiép vector ps:

7 o= haialinn :'n"'_pji = r'.‘."-li';‘fh’".’[ [:.‘. 0 _03] |:Uj| |

= sarvdlimminE = 1.

= = Buong bi€n khong phan loai ding ps.
3 1w Can phai ti€p tuc hi¢u chinh w:

e S
~os) [-]  [g2

Hinh bén cho thay mang perceptron da hoc dugc cach
phén loai ding véi 3 vector ngd vao trén. Néu dua vao
N mang 1 ngd vao, n6 s€ cho ra ngd ra ding véi phén loai.

— — Tuday tacé luat thr 3 va cling la cu6i cung: néu mang
$ phan loai ding thi gitr nguyén w.
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Tém lai ta c6 3 luat cho tat ca cdc truong hop:

.

- a ' a - st
Fi=londa=0then.w  =.mn" " -p
s ag
Hr=abmmdz=1 theuyw ™ =.w " -p
-a e
Ar= 2o then -w =.w

Thong nhit luit hoc:
Ta dat e la sai sO cila mang perceptron: e =t —a
Ta c6 thé viét lai 3 luét trén nhu sau:

Iiv=1.:hen -.1'-"‘-' = I“':.;. ~p

e aud
Ife==1 thea m = w T -p

ik N
Ife="72 then w =-w

Ta ciing c6 thé hop nhat 3 luat thanh mot biéu thirc don gian:

T o3 os
W = W = p = W =ri=aap .

C6 thé dp dung luat nay dé huan luyén ngudng phan cyc (thay p =1)

.i'l|_.I|I
o = -r..

Huén luyén mang Perceptron da neutron:
Chiung ta c6 thé tong quét héa qui luat cap nhat vecto trong s6 cho mang
perceptron da neutron.
Cong thuc dé cap nhat hang thir i cia ma trén trong so:
W _ m.. + e
d =W iP -
Cong thuc dé cap nhat hang thtr i vecto phan cuc:

b.'lﬂt — bl.-md_ﬂl:.

Luat perceptron dugc viét gon lai thanh hé thong ma tran ki hiéu nhu sau:
W = “.D.':z' n EP-I_s

bw‘-r — b.:-:':f+

Vidu 1.10: Vidu vé luat hoc perceptron
Bai toan nhan biét qua tdo/qua cam. Cac vecto mau ngd vao/ra la:

(R 1 N Y Y
P = |-1]- 1= [o] p= 1 6=l
| |

-1 -1

N ¢

V6i qui udc rang: ngd ra yéu cau s€ bang 0 khi mau vao la “qua cam”
N ¢ £ 20

ngd ra yéu cau sé bang 1 khi mau vao 1 “qua tdo
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Cam bién hinh dang: 1 : tron
-1 : khong tron

Cam bién bé mit: 1 : nhan
-1 :xu xi
Cam bién trong luong: 1 : nang hon 1 pound

-1 : nhe hon 1 pound

bPau tién, ching ta s¢ khéi dong ma tran trong s6 va ngudng phan cuc:

= [o5-1-03]. 5 =
> Ta dua vecto ngd vao p; dén hé thong mang:

1
g = hardimiWp- — ki = havrdlim [D.i -1 _.:._;:] Y

1 " El
= qardfimm i =1

Sau d6, ching ta tinh todn sai so:
e=tH-a=0-1=-1.
Trong s6 dugc cap nhat 1a:

W = ‘4"‘2'—9}) [U} -1 -0, :,:| +(- 1.||:1 -1 —1:|

= [-05003]-
Ngudng phan cuc dugc cap nhat la:
B = b e = 05+ -1) = =05

Két thiic 1an 13p dau tién.

> Lan lap thir 2 cta luét perceptron sé la:

1

= hardlim (Wpy+ b) = hardlim {I:_[].j 0 U_j:l 1|+ (-0353)0
-1

= hardlim (035} =0

g=fHh-a=1-0=1
LNEw Lold r
W =W rep” = [Los00s]*1[11-1] = [0.51-03]
B = b e = —05+1 =05
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> Lan lap thir 3 s& bat dau voi vecto ngd vao cta 1an 1ap dau tién:

1
a = hardlim (Wp, +5) = hardlim I:I:Dj 1 _Ulj:l —1| +0.5)
-1
= hardlim (0.3) = 1
e=H-a=0-1=-1
Jnaw _oid T ) .
W' = W rep” = [o51 03]+ D1 -1 1]

[-0.5 2 03]
Nhdén xét: Néu tiép tuc vdi cdc lan ldp k&, ta sé nhdn ra rang: gio ddy, cd

hai vector ngé vao déu da dugc phan loai chinh xdc. Thudt téan (cdc phép
ldp) trén da hoi tu vé cing mot ddp dn.

Tém tit thuat toan:
Cau tric mang te bao-Perceptron
Input Hard Limit Layer

-

5

/

a=hardlim{¥Wp—h)
a, = hardlim (n,) = hardlim (W'p +b,)

T
W
A A 2WT
Ma tran trong so: W=|:
T
_SW .
Puong bién ranh giéi: Wp+b =0

Puong ranh gidi luén vudng goéc (truc giao) vaoi vecto trong so.
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Luéit hoc té bao - Perceptron:
Wnew_ Wold+ epT

bnew bold+ e
voi:e=t—a.

4. Han ché cia luat hoc Perceptron:
Mang perceptron phén loai chinh xdc céc vecto ngd vao bang mot duong
thang tuyén tinh. Do d6, mang perceptron s€ gap kho khan khi giai cac bai
toan khong thé phan chia tuyén tinh dugc. Vi thé, ngoai mang perceptron,
con ¢6 nhiéu phuong phép thich nghi trong sb khéc ciing duoc sir dung.

Vi du: Phuong phdap Widrow-Hoff tinh toan sai 1¢ch gitta ngé ra mong
mubn véi ngo ra that sy ciia mang:

A = d(© - y()
Sau d6 cap nhat trong s6 cua mang theo luat:

w,(t+1)=w, () — oAx, (1)
Trong d6:

d(t) 12 ngd ra mong mudn va y(t) 12 ngd ra ciia mang

a lahéséthichnghi (0<a <1)
Widrow goi nhiing mang str dung thudt toan trén la mang thich nghi tuyén
tinh (Adaptive Linear Neural, ADALINE). Viéc két nbi nhiéu mang
ADALINE lai v6i nhau tao nén mot cau tric goi la mang MADALINE
(many ADALINE). Thuat todn huin luyén cdc mang nay xuat phat tir viéc
cO gang tim mot duong thang phan chia 2 ving khong gian ctia bai toan.
Tuy nhién, c6 rat nhidu truong hop cdc ving khong gian khong thé phan
chia tuyén tinh dugc.
Mot vi du kinh dién cho loai bai toan nay cong logic XOR. Cac ngd vao va
ra cia céng XOR dugc thé hién nhu sau:

1

o= fomof o= [ o= [ o [ el

|
] ] ]
. [
~t .\_p'
® - .
Py |

] ]
T

i
et

LIot sa bai todn khong the phan chia tuven tinh dweec

Dé giai quyét cac bai todn trén ta phai sir dung mang truyén thang nhiéu 16p.
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1.3.5. Mang truyén thang nhiéu 16p ( Multilayer perceptron _ MLP ) :

Dé khiac phuc nhitng khé khin ddi v6i nhiing bai todn c¢6 miu phéan chia
khong tuyén tinh, mang no-ron nhiéu 16p dugc sir dung. C6 rat nhiéu cong
trinh nghién ctru vé mang MLP va di cho thdy nhiéu vu diém ctia mang nay.
Mang MLP la mét gidi phdp hitu hiéu cho viéc md hinh hod, dac biét véi
qua trinh phuc tap hodc co ché chua ro rang. N6 khong doi hoi phai blet
trudc dang hoac tham s6. Mang MLP la co s& cho thuat todn lan truyen
nguoc va kha nang xap xi lién tuc.

1. Thuit todn lan truyén ngwoc (Back Propagation _BP):

Giai thuat lan truyén nguoc dugc dit ra boi Rumelhart, McClelland va
Williams vao nhitng nam 80 cua thé ky 20 1a mot trong nhing giai thuat phd
bién dé huin luyén mang no-ron nhiéu 16p. Py ciing 12 mot kiéu hoc ¢
gidm sét. Trong s6 cua moi no-ron dugc chinh dinh theo hudng ti 1€ voi sai
s6 ciia no-ron ma né két nbi. Viéc lan truyen ngugc nhiing sai s6 nay tir ngo
ra dén ngd vao ctia mang c6 thé chinh dinh tat ca cic trong sb ctia mang.

Giai thuat lan truyén ngugc huan luyén mang no-ron nhiéu lép:
Tap dir liéu da cho c6 n mau (x,,d,), voi moi n, x,, 1a tin hiéu dau vao, d, 1a
dau ra mong mudn. Qua trinh hoc 1a viéc thuc hién cuc ti€éu hod ham G sau:

N
g 1
G= ZlGn ,v6i Gy = NZZ_I(yq(xn)—dq(xn )?

Q la so nut tai 16p ra cuia mang.

Trong s6 lién két mang dugc didu chinh theo phép lap sau :
w(k +1) = w(k) — ng—G , trong d6 77 >0 12 hing sd toc do6 hoc.

Thuét todn lan truyen ngugc dé cap ¢ cdc phan trén da duoc ing dung rat
rong rai trong viéc huin luyén cac mang no-ron.Tuy nhién, n6 van mac phai
2 khuyét diém c6 hiru 1a: téc d hdi tu cham va dé bi roi vao cic viing cue
tri cuc bd. Hai khuyét diém nay c6 thé han ché bang viéc lya chon t6i uu
tbe do hoc (hé s6 1) va st dung bd sung hé s6 momentum vao luat hoc:

W (1) = () + A (0 — adwe, (1= 1)

Trong d6: « 13 hé s6 momentum

Tuy c6 thé duoc cai thién phan nao chét lwong hoc _nhung 10 rang diéu nay
van chua du dé c6 thé tmg dung giai thuat lan truyén ngugc vao thyc té do
téc d6 hoi tu cham ciia né. Va nhirng han ché nay c6 thé dugc khac phuc khi
st dung mang ham co s¢ xuyén tam.
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2. Mang ham co s6¢ xuyén tam (Radial basis functions _ RBF)

Mang RBF c6 thé duoc huan luyén nhanh chéng va do ¢6 ciu tric mang dic
biét nén mang RBF rat it khi roi vao cic vung cuc tri cuc bo.
Ciu triic mang RBF: Mang RBF ciing 12 mot mang truyén thang ba 16p
> Lop an st dung:
- Ham tong ngd vao c6 dang ham cau.
- Ham kich hoat 12 ham Gauss ¢6 dang:  @(x) = e’
» Lop ra st dung:
- Ham tong ngd vao 1a ham tuyén tinh.
- Ham kich hoat 1a ham kich hoat don vi.

Trong mang RBF thi ngudng ctia cdc noron 12 bang 0.

Lop vao Lé6p 4n Lop ra

Céc phuong trinh toan truyén tin hiéu tir 16p vao dén 16p ra cia mang:
» Ngo ra cua no-ron thir q (thudc 16p an):

2
x|

7 =e 20,
q
Trong do: X 1a vector ngd vao
myg 1a tam ham RBF (trong sd ctia no-ron 16p an thr q)

o, la bé rong ham RBF ctia no-ron an thir q

|x =m,|=/(x=m,)" (x—m,) knoang cich Euclide
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h z
1
= ' == X
0 n
Ngo ra ciia noron 16p an
» Ngo ra cua no-ron tht i (thudc 16p ra):
! . J—
Y =D W2, (i=Ln; q=11)
g=1

» Ham nang lugng sai so:

1 n
E :EZ(di - yi)2
i=l

Khi sir dung mang RBF, ta cin chi ¥ cac diém sau:
o Lua chon dang ham kich hoat ¢ phu hop v6i md hinh.
o Tinh todn sé luong tdm tdi wu. Néu nhiéu tdm qud s& khong du dir
li€u dé huan luyén mang, con néu tam it qud s€ cho mo hinh sai Iéch.
o Tim vi trf tAm va s lugng dit li¢u thich hop dé huéan luyén mang.

Thuit toan huin luyén mang RBF, bao gom céc budc sau:
Budc 1:  Chon tdc d6 hoc n >0, chon sai s6 cuc dai Epax
Budc 2:  Dat gia tri dau: E=0; k=1

Gan gi4 tri ngau nhién cho cic trong sd wig(kK)

Budce 3: Tinh ngd ra cia mang vai tin hi¢u vao 1a x(k):
xtrm, |

20,

z,(k)=e

yi(k) =Y w, (k)z, (k) (i=Ln; gq=1L1I)
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Cap nhat trong s6 cho 16p ra clia mang:
w, (k+1) =w, (k) +1(d; (k) = y,; (k))z, (k)
Tinh sai s tich lily:

1 & 2
E = E+52(di(k)—y,»(k))

Thuyc hién vong ldp & bude 3 véi k chay tir 1 dén K.

Bugc 4:  Két thic mét chu trinh huén luyén
Nép E < Enax thi két thiic qua trinh hoc
Néu E > E . thi gdan E=0; K =1 va tr¢ lai bude 3.

Nhén xét:

Mang RBF khong bi anh huéng boi van dé cuc tri cuc bd. Tuy
nhién, RBF thuong dép tmg cham trong giai doan nh¢ do ¢6 mdt lugng 16n
noron & 16p an. Nhung ta c6 thé cai thién van dé nay bang viéc chon tim va
dd phan tan phu hop.

Nho kha niang xap xi cdc ham phi tuyén bat ki v6i do chinh xéc tuy
¥, mang noron, dac biét 1a mang RBF la cong cu quan trong cho mo6 hinh
hod hé thong va cho diéu khién thich nghi cdc hé thong phi tuyén.

1.3.6. Nhan dang mé hinh va diéu khién sir dung mang noron

1. Nhin dang thong sé mé hinh

; yik)
l | Broi twong PR
i (k)
(%) A A
* -~
Y (k)
—*} Nang noron

Nhan dang thong s6 chinh 1a qua trinh luyén mang. Tin hiéu sai s6
e=y—7y lacosdcholuyén mang, A 1a thoi gian tré.

2. Diéu khién sir dung mang noron

Ta c6 nhiéu cau tric di€u khién st dung mang noron khéac nhau. C6 thé ké
dén mot soO cau tric di€u khién nhu sau:
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+ Diéu khién theo vong hé

f—\
B ditu khién N

= 11
» bangmang » DTEK
il noron
—n r e
+ Diéu khién theo vong kin
v e | Bdditukhitn | v
—»{_J—» bingmang » DTDK >
- Nron

+ Piéu khién v6i md hinh tham chiéu va sai s6 lan truyén qua PTPK

I4& hinh Yd
tham chigu &
'\ F
r g | BDE bang | u_ Y.

—a?—b BTDE
| mang noron

+ Diéu khién theo thoi gian vugt qué (over time)

*  Mfang téi han :

\

wd e | Bodifukhitn | |, ¥
"Ly bingmang » DTBK >
- Noran
[ =
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+ B9 diéu khién véi quyét dinh hd trg ctia mang noron

*  IMang noron |g

B& digukhién v

vil ® N u b
: __..O—v béng mang BTRE >

[ _ noroen

3. Ung dung mang RBF dé nhén dang hé dpng luc hoc phi tuyén
Xét hé dong hoc phi tuyén cia PTDK
x=f(x)+g(x)u (1.79)

Gia sit PTPK 1a 6n dinh vong hd, vécto trang thi x 1a quan séat dugc. Can
tim mo hinh xap xi (1.79). Chon AeR" *™ la ma trdn 6n dinh, ta viét lai
(1.79) dang :

X=Ax+(f(x)—Ax)+ g(x)u

¥

Theo tinh chat xap xi ctia mang RBF cho ham phi tuyén: Néu s6 luong cic
nit trong 16p an 1a du 16n thi f{x) - Ax va g(x) c6 thé xap xi bang cidc mang
RBF sau:

f(x)- Ax = W*5(x) va g(x) = V*S(x)
trong d6 W* € R** Nva V# e R"Y N1a cdc ma tran trong s cua céc td hop
tuyén tinh trén. N x4c dinh s6 lugng nit trong mot 16p RBF cta mang.

S(x)=[S;, 82 ..., Sy ]T, vécto cac ham co sé sau:

1
S, =(x-C | +p2) 2 v6i k=1,2.3..N

Tam Cy € R" va d6 rong p € R duoc biét trude. Ta viét lai (1.79) nhu sau:
X=Ax+W*Sx)+V *S(x)u
Vay md hinh cua ddi tugng c6 thé duoc md ta bang phuong trinh:
X = A% + WS (x) + VS (x)u
trong 46 W € R"*", V € R"*" 1a cc ma tran wdc luong ciia W*, V* ¥ eR"
l1a uwdc lugng trang théi cua x. Goi
Xe=X—x, We=W5W, V, = V*V
Phuong trinh sai s6 uwdc lugng sé 1a :
x,=Ax, + W, S(x)+V,S(x)u (1.80)
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Thuat todn nhan dang sir dung ham Lyapunov:
L(x,,W,,V,)= %xeTPxe +%Tr(W€TWe) +%Tr(V€TVe) (1.81)

v6i P 1a ma tran dbi xtmg xdc dinh dwong. C6 thé xdc dinh ma tran Q ddi
xtng x4c dinh duong thoa phuong trinh Lyapunov sau:

PA+A'P = - Q.
Thay (1.80) vao (1.81) va liy dao ham ta dugc:

L= é x" (PA+A"P)x, +S" ()W) Px, +S" (x)V/ Px,u+ % TrW'W,)+ % THV'V,)

Chon : Tr(W/W,)=-S" (x)W Px, (1.82)
Tr(VV,)==S" (x)V. Px,u (1.83)
thi : L(x,,W,,V,)= —%ijxe (1.84)

Do cdc ma trAin W* va V* 12 ma tran hang nén tir (1.82), (1.83) ta suy ra
thuat nhan dang m6 hinh nhu sau:

W/lj = _szl)ikxek
=1

n
Vi = _szpikxek”
k=1

voii=12,... ,Nvaj=12..,N,Pjla phﬁn tir cua ma tran Lyapunov P.
Tir (1.81) ta thay rang ~ L(x,, W,,V,) =0
Tir (1.84) nhan dwgc ~ L(x,,W,,V,) <0

Vi vay x,(t)— 0, W, -0, V, -0, hoac x - x, W— W* V— V*khit— oo
Dé tinh todn don gian c6 thé chon :
A =al,Q=ql, P=pl,véia>0,q>0vallama trin don vi
Khi d6 thuat todn nhan dang mo hinh don gian nhu sau:
W, =— pS . x

ij Jhei
sz/ :—pSAx U

Jjei

Tu phuong trinh Lyapunov ritra: p = Zi >0.
a

Dé hoi tu dén trong sb thuc, hé dong luc phai c6 di giau thong tin & dau
vao. Vi thé da s6 dau vao dugc chon ngau nhién.
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1.3.7.Thuit toan hoc truc tuyén céu tric,thong s6 mang noron mo dong

Hau hét cic thuét toan chinh dinh cau tric va théng sé cho mang no-ron md
déu 1a hoc off-line. Qud trinh hoc off-line (c6 gidm sét) doi hoi phai cung
cap trudc mau dir liéu vao ra va viéc hoc thong qua cac vong lap hudn luyén
Do dugc cung cap trude toan bd thong tin vé he thong, Cong voi wu thé vé
mat thoi gian (do off-line nén cdc van dé vé toc dd hoc va thoi gian hoc 12
khong quan trong) v tai nguyén tinh todn nén hau hét cdc thuat todn hoc
off-line déu cho chit luong mang tdt (tinh dic trung cao, sai sb thip, cdu
tric don gian...).

Vay thi tai sao phai 1a on-line khi off-line dd qua day du? Trong linh vuc
diéu khién tu dong, bai todn diéu khién ddi twong khi dic tinh dong hoc cua
ddi tuong thay ddi da danh dugc su quan tam cua nhiéu nguoi. Thuc té da
ching minh khong phai bat ky mot ddi twong nao ciing md hinh héa hoan
toan dugc (do dac tinh phuc tap ctia nd) va khi da md hinh héa dugc cling
chua chéc s& st dung dugc (vi dac tinh ddi tuong khong phai 1a bt bién
theo thoi gian). Dé giai quyét bai todn nay, ngudi ta nghi ngay dén cic
phuong phdp diéu khién thich nghi. Mang no-ron m& véi kha nang ty hoc
cua mdt mang no-ron va tinh déc trung cao cia mot hé mo 1a 101 giai thich
hop nhét cho bai todn trén.

1. C4u triic mang no-ron mo dong:
Mang no-ron m¢ déng (Dynamic Fuzzy Neural Network — DENN) ¢6 cau
triic dya trén nén tang mang no-ron sit dung ham co sé xuyén tim (mang
RBF). Diém khac nhau co ban giita DFNN va mang RBF 12 ¢ s6 16p no-ron
trong mang: DFENN gom 5 16p (mang RBF chi ¢6 3 16p). Tuy nhién, DENN
va mang RBF c6 sy tuong dong vé mit phuong trinh todn hoc truyén tin
hiéu trong mang. Pic tinh “dong” (dynamic) ctia DFNN thé hién ¢ céu tric
mang — né dugc tinh gon gan nhu t6i da (s6 lwong no-ron & 16p 3 ctia mang
béng voi s6 ngd vao) va nho viy né ¢6 thé dé dang thay doi cu tric cia
minh trong khi van dam bao dugc kha nang dac trung von c¢6 cua mot mang
no-ron mo ma van han ché dén mirc thip nhit sy xdo tron trong sb luong
thong sb clia mang.
V& mit chirc ning, mang DENN tuong duong vi mot hé théng suy ludn mo
Takagi — Sugeno — Kang (TSK). Dé don gian nhung vin khong mét tinh
tong qudt, ta chi xét mang DFNN nhiéu ngod vao — mot ngd ra. Céc két qua
nhan duogc hoan toan c6 thé ung dung d6i voi mang nhiéu ngd vao — nhiéu
ngd ra. Ciu tric moét mang DFNN gdm 5 16p:

» Lap 1 (16p vao)
Lop vao gém r nut, moi ndt twong tmg voi 1 ngd vao x; (i = 1,2,...r). Nhing
nit nay thyc hién viéc chuyén tin hidu truc tiép tir ngd vao dén 16p 2.
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Tap hop r ngd vao nay trong mot thoi diém tao thanh mot vector ngd vao:

I = |:_1;1 X, ] ir: 50 ngd vao)

Y

f—
el
T.ap Tdp Tt T.dp Tap
LT aud i didu kidn chuin haa it

» Lép 2 (16p mo hoa)
Moi bién ngdn nglt ngd vao x; dugc dac trung boi u gié tri ngdbn nglr
4= I:a::i-l. Bimeeens f’;‘:.] (1=12._.1
Trong d6 : A; : tap céc gia tri ngdn ngt cia ngd vao x;,
a;j : sO mo thir jcua ngd vao thtr i vé1 ham lién thugc dang Gauss.
Ngo ra cua mdt nut thudc 16p 2 sau khi mo héa:
-t

Halxj=exp — -
I T I

vOi ¢ va o la tim va bé rong ham li€n thudc Gauss thur j ciia ngd vao x;.

G=12._

> Lép 3 (16p diéu kién/16p luat mo) ,
Lop3cou luat_ mo (noron), moi ludt mo 1a sy két hgp cua r ngd ra tu 16p 2:
R,:NEU (x la avax; laa., va.. vax laa:»THL..

Ng6 ra ctia mdi niit trong 16p 3:

"

E {x — Ci )3

r ) : (1
=T o (x)=exp —22L— _
=1 =ese B X

1)

S

L.
1

[

K
1 |

Néu dat: Cj = [cy; ... c,j]" 1a vector chira tim ham lién thudc cuia ludt thir j
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pe-cf

= g = expl| — =
J o

|
Ta c6 thé thidy mdi nit trong 16p nay ciing 12 mot ham RBF cua vector ngd
vao X voi tam la vector Cj va bérong la o

» Lép 4 (16p chuan héa)
Lép 4 gom u nit, mdi nit trong 16p nay 1am nhiém vu chuén héa ngo ra cua
1 nit ¢ 16p 3 tuong ung theo cong thuc:

W= g=12...u

» LopS(épra)
Lop nay 1a tong c6 trong s6 cua cdc ngd ra ¢ 16p 4:

=D WA

Véi w, 1a gid tri cua ménh d& THI ctia mét ludr mé NEU-THI:
R NEU(x la g, vax laa., va..vax laa,) THI(v1aw,)

2. Thuit toan hoc ciu tric va thong sé on-line cho mang DFNN

Khai niém vé hoc on-line:
Pay 12 mot qué trinh hoc ¢6 gidm sit. Ban dau, cau tric mang 13 hoan toan

“rong”, chi ¢6 cic no-ron 16p vao va 16p ra (ddy la nhimg no-ron ¢d dinh
trong suot qua trinh hoc). Hoc on-line, ¢6 nghia la mang s€ khong dugc
cung cap trudc mot tap mau dir lidu vao- ra, cic mau dir liéu vao ra nay s€
dén v6i mang ngay trong qud trinh hoc, tung mau timg maiu mot. Do do,
mang bugc phai hoan tat mét qué trinh tinh todn (chinh dinh chu tric va
thong s6) trude khi lai tlep tuc nhan dugc mot mau dir liéu vao ra méi. Qué
trinh hoc on-line 12 qua trinh tiép dién khong ngimg, tir mau dir liéu vao ra
dau tién cho dén khi hé théng ngimng hoat dong hodc mang dugc 1énh ngung
hoc. Vi vay, thuét toan hoc on-line phai thoa man cac yéu cau sau: toc do
héi tu nhanh, ciu tric mang tinh gon (s6 thong sd it) va ¢6 thé van hanh
trong diéu kién tai nguyén tinh todn han ché.

Thuat toan hoc on-line cho mang DFNN:
Khi mau dir liéu vao ra dau ti€én vao mang s€ xac 1ap mot cau tric ban dau
cho mang — mang c6 1 no-ron luat.
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Khi mang nhén dugc mau dit liéu tiép theo, qud trinh chinh dinh thong s6 s&
dugc tién hanh trong mdi chu ky 14y mau théng qua thuat todn binh phuong
t6i thiéu dé quy. Qua trinh chinh dinh céu triic chi xay ra khi:
e sai s6 ngd ra ctia mang twong ddi 16n
e khd ndng dic trung dir liéu dau vao cua mang kém — mang s€ duoc
b6 sung thém no-ron luat.

Sau mot thoi gian, cic no-ron luat méi thém vao do kha ning dic trung tot
hon s€ vd hi€u héa sy anh hudng ctia cdc no-ron luat cii truéc dé. Cac no-
ron ludt cti nay s€ bi x6a bo khoi mang bang ky thuat gian luoc de gitr cho
cAu tric mang dugc tinh gon. Qua trinh nay cur tiép tuc cho dén mau dir liéu
vao ra cudi cing ma mang nhan dugc.

Qua trinh huan uyén on-line
cha mang DF MM

¥ ¥
Giai doan chinh dinh Giai doan chinh dinh
CAU tric on-line théng so orHline

N

[F‘hét sinh no- Loai b no- ] [ chinh dinh théng s6 |

ron Iuat mi ran Iuat thira ménh d& két luan

Thuét todn hoc cho mang DFENN bao gém 2 qu4 trinh chinh: qu4 trinh chinh
dinh cau tric va qua trinh chinh dinh thong so6

A. Giai doan chinh dinh ciu tric on-line:

- Tiéu chudn phdt sinh ludt

DPé mot luat méi (mot neural ¢ 16p 3) duge phdt sinh thi hé thdng phai thoa
man 2 dicu kién:

* Sai s6 hé thong: véi mdi mau dit liu vao ra thu thap duoc tai thoi

diém t (X,,d,), tinh sai s6 cta hé thong:

e[ =ld. = x] (1.85)

vo1 y, la ngd ra cua mang DFNN
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Néu nhu ||e,| >k, thi théa man diéu kién thir nhat dé phat sinh luét
méi. O day, k, 12 h¢ s6 khong cd dinh ma giam dén theo thoi gian:

k, = max [emax X,B’,emin:l (1.86)
voi 0< B<1 duge goi 12 hing s6 suy giam, e . lasai s0 toi da va
e_.. 1add chinh xdc mong muén.

e Khoang céch tbi thiéu: v6i mdi mau dir liéu vao ra thu thap dugc tai
thoi diém t (X,,d,), tinh cdc khoang céch twong ddi gitra vector

ngod vao X va tam cdc ham lién thugc C;:

md, =|x,-C|  G=12.1 (1.87)
Tim J =argmjin(mdj)

Néu nhu md_, =md, >k,, c6 nghia 12 ngd vao hién tai khong thé
duoc dat trung boi cac luat mo cua hé théng hién tai, thi thoa man
dieu kién thtr hai dé€ phat sinh luat méi. O day, k, 1a hé so khong co
dinh ma giam dan theo thoi gian:

k, =max|d,, x7.d,, | (1.88)

v6i 0< ¥ <1 duoc goi 1 hing sb suy giam, d,. vad, lakhoiang
céch tbi da va t6i thiéu tiy thudc vao timg dbi twong.
C6 4 trudng hop c6 thé xay ra:

e Truong hop 1: ||el|| <k, md_ <k,. Diéu nay thé hién mang da dic
trung rat tot cho mau dit liéu hién tai (X,,d,). Do d6 khong thuc
hién bét cu t’hay ddi 1‘1&0’ trong mang hodc chi thuc hién viéc chinh
dinh thong sO m¢nh dé két luan.

o Trudng hop 2: |e|<k,.md,;, >k,. Mic dd mdu dir liéu hién tai
(X,,d,) khong dugc dit trung tot nhung mang van mo ta ding doi
twong. Diéu nay xay ra khi mau dit liéu (X,,d,) khong mang nhiéu
thong tin md td dbi twong. Do d6 khong thyc hién bat ctr thay doi
né}o trong mang hodc chi thuc hién viéc chinh dinh thong s6 ménh dé
két luan.
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e Truong hop 3:

e||>k,.md,, <k,. Mac du mau dit liéu hién tai
(X,,d,) duoc dit trung t6t boi ham RBF & 16p 3 gan nhit nhung
mang khong thé mo ta diing ddi tuong, c6 nghia 1a thong s cic ham
RBF hién tai chua ding. Do d6, qua trinh chinh dinh thong s6 ménh
dé ménh de két luan phai dugc thyc hi¢n.

e Truong hop 4: ||e, || >k,,md_. >k,. Cau tric mang DFNN hién tai

khong du kha nang mo hinh héa ddi tugng, do d6 phai thyc hién viée
phét sinh mot luat mai.

- Théng s6 ban ddu cho ludt méi

Sau khi mot luat méi da dugc phat sinh, van dé tiép theo 1a lam thé
nao dé xac dinh céac thong so6 ban dau cho luat mai nay. Cac thong s6 cua

. 4 A . L T
mot ludt mai thir u+1 bao gom vector vi tri C , = [cl(wl),cz(”m,...,cr(wl)]

va bé rong 0,,, cua cac ham RBF méi ¢ 16p 3. Trong mang DFNN, bé rong
ctia mot ham RBF anh hudng rat 16n dén tinh dic trung cia mang. Néu 2
ham RBF ké can nhau khong chong lap hop 1y 1én nhau thi mot ngd vio cé
vi trf & gitra 2 ham nay s& khong dugc dic trung tot va ngd ra cia mang s&
chtra dung rat it théng tin vé ngd vao nay. Trong khi d6, néu bé rong cua
ham RBF qua 16n thi cic ngd vao xung quanh ham RBF nay ludn cho gi4 tri
mo héa 1a 1 va ngd ra ciia mang ciing s& bi anh hudng rat it boi ngd vao nay.
Ca 2 truong hop trén déu cho két qua 1a mo hinh nhan dang dugc s& khong
mo ta tét hé thong thuc. Trén so so d6, cdc thong sb cho ludt méi cé thé
duoc chon nhu sau:

C,.=X (1.89)

u+l t
O, =knrxmd (i=12,...1) (1.90)

voi knr 1a hé s6 chong lép (thuong dugc chon trong khoang 1.05 dép 1.2).
Vi cach cap phat thong s6 ban dau nhu trén s€ dam bao tinh chong lap hop
1y cia ham RBF méi duoc tao.

Ban dau mang chua ton tai b4t ctr ham RBF nao, khi mau dix liéu
dau tién (X,,d,) duoc thu thap, mang s& phét sinh luat dau tién. Va cdc
thong s6 ban dau cho lut ndy ciing c6 thé duoc cip phét theo (1.89) va
(1.90) nhu sau:

0,=0, 1i=1,2,.,r)
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voi o, la hé‘mg s6 xéc dinh tuy thudc vao mién xédc dinh cua X .
- Ky thudat gian luoc

Doi khi, mot ludt méi c¢6 thé duoc tao ra khi théa man 2 didu kién
phat sinh luat nhung sau d6 lai déng gép khong dang ké dén kha nang nhan
dang cia mang. Nhitng luat du thira nhu vay khong nhiing 1am ting khoi
luong tinh todn cta hé thdng ma con c6 thé anh hudng dén chat lugng nhan
dang ciia mang DFNN. Do d6, mét doi hoi dat ra 1a lam thé nao dé gian lugc
nhing luat thira nay de t6i gian dén mirc thap nhat c6 thé bo ludt clia hé
thong (tir d6 tdi thiéu s6 thong sd cia mang) ma van gitt nguyén chat lugng
nhan dang cua mang. Trong qud trinh hoc on-line cua mang DFNN, mdt ky
thuat gian lugc dya trén thudt todn Error Reduction Ratio (ERR) dugc st
dung dé tu dong loai bo nhitng luat thira nhu sau:

Cho n cip mau dir liéu vao ra (Xi, di), k= 1,2,...,n. Dit:

Yu Youxu o VX, Vi YVaXu 0 VX,
PSI=| : i i .o i it a9
Vi Yk = Vs Vi VuXin = VinXm
W =[a,..0,..0,..a, | € RO (1.92)
Y=[y1) - ym] eR™ (1.93)
Trong dé:
PSI e R““*™: 1a ma tran chtra cdc phan tir hoi quy w94

W e R 1a vector thong s6 ménh dé két luan

C6 thé xem ngd ra mong muodn cua mang nhu mot mo hinh hoi quy tuyén
tinh nhu sau:

D=Y+E=PSIXW+E (1.95)
Véi:
E=[el) - e(n)]T 12 sai s6 ngd ra voi gia thiét 1a nhidu tring
trung binh bang 0
D=[d) - d(n)]T e R™ 12 ngd ra mong mudn ctia hé thong.
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V&i ma tran PSI bat ky c6 ) hang 16n hon s6 cot (n>u(r+1)), c6
thé ding phép phéan ly nhanh QR dé chuyén ma tran PSI sang ma tran chira
céc vector co sO truc giao:

PSI = QA (1.96)
Trong dé:
0= [Cll g, - qu(m)]G R“U*D ¢4 cac cot 1a cdc vector truc
giao nhau (Q"'Q=1)
Ae R 13 ma tran tam gidc trén

Phép bién d6i trén gitip d& dang tinh mirc 46 d6ng gép ciia mdi vector co s&
truc giao q; tdi ngd ra mong muodn cuia hé thong.

Tu (1.96) va (1.95):
D=0AW +E=0G+E (1.97)
voi G =AW .

Dung phuong phdap binh phuong tdi thiéu tuyén tinh dé gidi phuong trinh
(1.97) suyra G=(Q"Q)"'Q"De R+

hay:

8 = 1=12,...,ur+1)) (1.98)

T

q; 4;
Do céc vector g, va g, tryc giao nhau khi i # j, tong binh phuong ngd ra
mong mudn cho bdi cong thirc:

u(r+l)
D'D=) g’¢'q+EE (1.99)

i=1
Theo phuong trinh (1.99) c6 thé thay thanh phan g q"q, dic trung
cho sy déng gép cua vector co s& g, dén binh phuong ngd ra mong mudn.
Do d6, ¢6 thé dinh nghia cic ti sd err, dé dic trung cho sy déng gép nay
nhu sau:

T
e (i=12,...u(+1)) (1.100)
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Thay (1.98) vao (1.100). Suy ra:

err, =— =4 1=12,...,u(r+1)) (1.101)

Phuong trinh (1.101) cung cap mdt céch thirc don gian nhung hi¢u
quéa dé tinh mirc d6 déng gép vao ngd ra ciia cdc phan tir hoi quy. Y nghia
cua (1.101) 1a err, tuong trung cho sy twong quan gitta g, va D. Néu err,

16n ¢6 nghia g, c6 déng gép dang ké dén ngd ra hé thong.

u(r+l)

Chuyén vector ERR, :[err1 err, - err } e R™U*Y sang ma

tran A=[6, 6, - O, ]T e RV véi hang thir j clia A twong tng voi
lut thir j cia mang DENN. Dé tinh mirc d6 déng gép ciia luat thir j vao ngd
ra cua hé thong, dinh nghia:

§j5jT
N, =4—— (1.102)
r+1

Néu 77, <k,, véi k,, 1a mot hing s6 xdc dinh, c6 nghia la luat thi j cua
mang déng gép khong dang ké dén ngd ra cua hé thong trong n tip mau dir
liéu. Do d6, luat thr j ctia mang cé thé dugc x6a bo.

B. Chinh dinh thong s6 ménh dé két luan
Muc tiéu cta viéc chinh dinh thong s6 ménh dé két ludn 13 t6i thiéu binh
phuong sai sO nhan dang cua mang:
1
E=E[d(t)—y(t)]2 (1.103)
Céc thong sO ménh dé két luan 6 thé chinh dinh thong qua phuong phap
binh phuong t6i thiéu dé quy (Recursive Least Square RLS) nhu sau:

e Budc 1: Tinh sai s6 nhan dang

et)=d(t)— y(t) (1.104)
e Budc 2: cap nhat hé sé quén A
ﬂ(r)zﬂ(t—1)+[1—/1(t—1)]Aﬂ (1.105)

voi AL 1a mot hang s6 duong xac dinh
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e Budc 3: tinh ma trén tam

L(ty=— PU-DPSL (1.106)
A(t)+ PSI P(t—1)PSI "

voi PSI 1a hang thr n cia ma tran PSI trong phuong trinh (1.91)
e Budc 4: cap nhat ma tran hi€p phuong sai P(t)

P(t) = P(t—l)—L;t()tl)DSInP(t—l) (1.107)

trong d6 P(0)= I v6i u 1a sb duong 16n va I 1a ma tran don vi
u(r+D)xu(r+1)

e Budc 5: cap nhat vector thong ) ménh dé két luan W ()

W(@)=W(&—1)+ L(t)e(t) vél W(0)=0 (1.108)

1.3.8. Két luan

Sau khi da nghién ctru vé& mang no-ron nhan tao, ta thdy mic dii c6 rat nhicu
cau tric _mang cting nhu thuat toan huan luyén mang khac nhau nhung giira
chiing van c6 mot vai diém chung quan trong nhu:

- Kha niing ctia mang no-ron nhén tao khong do 1p trinh sdn ma dat
dugc tir qud trinh huin luyén mang. Huén luyén mang 13 qua trinh hiéu
chinh céc trong sb két n6i gilta cdc no-ron trong mang sao cho mang c6 thé
dap tng chinh xdc véi cdc mau dir liéu ngd vao.

- C6 hai ky thuat hoc duoc str dung chu yeu 1a hoc gidm sat va hoc
khong gidm sat. Ky thuat hoc giam sat yéu cau can phai duoc cung céap cic
cap mau dir li€u vao-ra.

- Mot mang sau khi duoc huan luyén thanh cong c6 kha niang tong
qudt héa (dic trung héa) cao: né cé thé ddp tmg chinh x4c véi ngd vao ma
n6 chua tirng gép trudce do.

- Thoi gian huan luyén mang con tiy thudc vao kién tric, thuat todn
hoc va chirc nang ctia mang. Thong thuong, viéc huin luyén mang no-ron
dodi hoi nhiéu thoi gian.

- Kha nang ctua mang tuy thudc vao s0 luong no-ron ding trong
mang. Mot cich téng quét, mang c6 cang nhiéu no-ron thi kha nang cua
mang cang cao (nhung thoi gian huan luyén mang 1a rat 16n) va nguoc lai.
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1.4. Thuit toan di truyén (GA)
1.4.1 Gioi thiéu

Thuat toan di truyén 1a thuat todn tdi uwu ngau nhién dya trén co ché chon loc
t nhién va tién héa di truyén. Nguyén 1y co ban cta thuat toan di truyén da
dugc Holland gioi thi¢u vao nam 1962. Co s¢ todn hoc da dugc phat trién tir
cubi nhitng nam 1960 va di duoc gidi thidu trong quyén sich dau tién cia
Holland, Adaptive in Natural and Artificial Systems. Thuat todn di truyén
duoc tng dung dau tién trong hai linh vuc chinh: t6i wu héa va hoc tip cia
may. Trong linh vuc tdi wu héa thuat todn di truyén dugc phét trién nhanh
chéng va ung dung trong nhiéu linh vuc khic nhau nhu téi wu ham, xu 1y
anh, bai todn hanh trinh ngudi ban hang, nhan dang hé théng va diéu khién.
Thuat todn di truyén cing nhu céc thuat todn tién héa néi chung, hinh thanh
dva trén quan ni¢ém cho rang, qué trinh tién hoa tu nhién la qué trinh hoan
hao nhét, hop 1y nhat va ty né da mang tinh t6i wu. Quan niém nay c6 thé
xem nhu mot tién dé ding, khong ching minh dugc, nhung phu hop voi
thuc té khach quan. Qua trinh tlen héa thé hién tinh t6i vu & chd, thé hé sau

bao gid ciing tot hon (phdt trién hon, hoan thién hon) thé hé trude bdi tinh
k¢ thtra va dau tranh sinh ton.

e Cic tinh chit dic thii ciia thuét toan di truyén

» GA lap luan mang tinh chét ngéu nhién (stochastic) thay vi x4c dinh
(deterministic) nhu todn hoc giai tich.

> GA xét duyét toan bo céc giai phap, sau d6 lya chon giai phép tot
nhét dya trén hé s thich nghi.

> GA chi tap trung vao giai phap (day s0 tuong trung cho giai phap)
ma khong can quan tdm dén chi tiét van de.

» GA thich hgp cho viéc tim diéu kién tdi wu cho viéc didu hanh va
phan nhém nhiing giai phdp cé duoc.

1.4.2 Céc phép toan ciia thuit toan di truyén
1. Tdi sinh (Reproduction)
Téi sinh 12 qué trinh chon quan thé méi thoa phan bd xdc suat dya trén do
thich nghi. Do thich nghi 1a mot ham gan mot gia tri thuc cho c4 thé trong
quéan thé. Céc cé thé c6 do thich nghi 16n s& c6 nhiéu ban sao trong thé hé
moéi. Ham thich nghi ¢6 thé khong tuyén tinh,khong dao ham, khong lién tuc
boi vi thudt todn di truyén chi can lién két ham thich nghi véi céc chudi sb.
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Qud trinh nay dugc thuc hién dya trén banh xe quay roulette (banh xe )
x0) véi cac ranh duge dinh kich thude theo d thich nghi. Ky thuat nay
duoc goi 1a Iya chon cha me theo banh xe roulette. Banh xe roulette dugc
xdy dung nhu sau (gia dinh rang, cic d¢ thich nghi déu duong, trong trudng
hop nguoc lai thi ta ¢6 thé ding mot vai phép bién doi twong ing dé dinh lai
ty 18 sao cho céc do thich nghi déu duong).

- Tinh d6 thich nghi £, i=1-n ctia mdi nhidm sic thé trong quan thé hién
hanh,véi n 12 kich thudc ctia quan thé (s6 nhiém sic thé trong quan thé).

- Tim tong gid tri thich nghi toan quan thé: F =)’ f,
i=l1
- Tinh x4c suét chon p; cho mdi nhiém sic thé: p, = %

1

i
- Tinh vi1 trf x4c suat g; cila moi nhiém sac thé: g, = Z p;

J=1
Tién trinh chon loc dugc thuc hién bang cich quay banh xe roulette n lan,
moi lan chon mot nhiem sac thé tr quan thé hién hanh vao quan thé madi

theo cach sau:

- Pht sinh ngiu nhién mot s6 r trong khoang [0+1] khi quay banh xe.
-Néu r < g, thi chon nhiém sic thé dau tién; nguoc lai thi chon nhiém
sdc thé thir i sao cho gi.; < r <q;

Vidu 1.11:  Xét bai toan dan sd c6 6 nhiém sic thé v6i chudi ma héa va
hé s thich nghi tuong tng cho trong bang 1.

Bang 1: Cic nhidm sic thé va céc gid tri thich nghi

Nhiém sée thé| Chudi ma héa | Tri thich nghi f{i)
1 01110 8
2 11000 15
3 00100 2
4 10010 5
5 01100 12
6 00011 8
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6
> Gid tri tong thich nghi toan quan thé 1a : F = Z fi=50

i=1

» Tinh xac suat chon p; cho moi nhiém sac thé: p, =

» Tinh vi tri xdc suat ¢; cia moi nhiém sac the: ¢, = ) p i

Két qua thu dugc dién vao bang 2:
Bang 2: Két quia tinh todn cho céc nhidm sic thé

Nhiém séc Chudi ma |Trj thich nghi |Xac suét chon| Vi trf xdc sudt
thé hoa fti) pi gi
1 01110 8 0.16 0.16
2 11000 15 0.3 0.46
3 00100 2 0.04 0.5
4 10010 5 0.1 0.6
5 01100 12 0.24 0.84
6 00011 8 0.16 1

Bdy gio ta quay banh xe roulette 6 1an, mdi 1an chon mot nhidm sic thé cho
quéan thé méi. Gid tri ngiu nhién cta 6 sd trong khoang [0+1] va cdc nhiém
sdc thé tuong tng dugc chon dugc cho trong bang 2.

Eanh ze roulette
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Bang 2: Quan thé méi

S6 lan quay 1 2 3 4 5 6
S0 ngiu nhién | 0.55 0.1 | 095 | 04 0.8 0.7
Nhiém sic thé 4 1 6 2 5 5
Ta thay:

Lan 1: 1;=0.55>q;=0.16 vd q3 <r <q4 nén ta chon NST 4

Lin2: rp=0.1< q;=0.16 nén ta chon NST 1
Tuong tu cho cdc 1an quay con lai, ta ¢6 s& dugc mot quan thé méi.
Ta théy, ¢6 thé s& c6 mot sd nhidm sic thé duoc chon nhiéu 1an, cdc nhiém
sac thé ¢co dd thich nghi cao hon s€ c6 nhiéu ban sao hon, céc nhiém séc thé
¢6 do thich nghi kém nhat thi dan dan chét di.
Sau khi lya chon duoc quﬁn thé méi, bude tiép theo trong thudt todn di
truyén 1a thyc hién cdc phép toan lai ghép va dot bién.
2. Lai ghép (Crossover)
Phép lai 12 qud trinh hinh thanh nhidm sic thé mdi trén co sé cic nhiém sic
thé cha - me, bang cich ghép mot hay nhiéu doan gen cua hai (hay nhiéu)
nhiém sic thé cha - me v6i nhau. Phép lai xay ra véi xéc suit p,, dugc thyuc
hién nhu sau:

- P6i voi mbi nhidm sic thé trong quan thé méi, phat sinh ngau nhién
mot sb r trong khoang [0+1], néu r < pe thi nhiém sic thé d6 dugc chon
dé lai ghép.

- Ghép d6i céc nhiém sic thé da chon duoc mot cich ngiu nhién, dbi véi
mdi cap nhiém sic thé dugce ghép d6i, ta phdt sinh ngiu nhién mot s6
nguyén pos trong khoang [0<m-1] (m 12 téng chiéu dai cia mot nhiém
sic thé - tong sd gen). SO pos cho biét vi tri ciia diém lai. Didu nay dugc
minh hoa nhu sau:
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l Vi tri lai
[ba b | 0 [lpeslbposer | ... | b |
| | | ‘2 | |ﬁms| Cpos+l | | frﬁ
- Chuyén dbi cdc gen nam sau vi trf lai.
I [ Bo [ 0 Ibpeel cposr | . | cm |
Lenlea | oo lcpos) bposed | oo | b |

Nhu vay phép lai nay tao ra hai chudi méi, mdi chudi déu duoc thira hudng
nhitng dc tinh 14y tir cha va me ctia chiing. Mic di phép lai ghép sir dung
lwa chon ngiu nhién, nhung né khong dugc xem nhu 1a mot 16i di ngiu
nhién qua khéng gian tim kiém. Su két hop giita tdi sinh va lai ghép lam cho
thudt todn di truyén hudéng viéc tim kiém dén nhitng viing tot hon.

3. Pt bién (Mutation)

Dot bién 1a hién tuong cd thé con mang mdt (s0) tinh trang khong c6 trong
ma di truyén cua cha me. Phép dot bién xdy ra vdi xdc suat p,,, nho hon rat
nhiéu so voi x4c suat lai p,.

Theo nghién ctru cua Kenneth De Jong thi:
v Tilé lai ghép trung binh : 0.6
v’ Ti ¢ dot bién : 0.001
v Tilé tao sinh : 0.399
MGdi gen trong tét ca cac nhidm sic thé c6 co hoi bi dot bién nhu nhau, nghia
1a d6i véi mdi nhidm sic thé trong quan thé hién hanh (sau khi lai) va dbi
v6oi moi gen trong nhiém sic thé, qué trinh dot bién duoc thuc hién nhu sau:
- Phat sinh ngau nhién mét sd r trong khoang [0+1]
-Néur < p,, thi dot bién gen d6.

Dot bién 1am ting kha nang tim duoc 10i gii gan toi uu cia thuat toan di
truyén. Dot bién khong duoc sir dung thuong xuyén vi né 1a phép todn tim
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kiém ngiu nhién, véi ty 1¢ dot bién cao, thuat toan di truyén s& con x4u hon
phuong phép tim kiém ngiu nhién.

Sau qud trinh tdi sinh, lai va dot bién, quan thé mdi tiép tuc duoc tinh toan
céc gid tri thich nghi, sy tinh toan nay dugc ding dé xay dung phan bd xic
sudt (cho tién trinh tai sinh tiép theo), nghia 13, dé xay dung lai banh xe
roulette v&i cic ranh dugc dinh kich thudc theo cic gid tri thich nghi hién
hanh. Phan con lai cta thuat toan di truyén chi 1a su 1dp lai chu trinh cua
nhitng budc trén.

¢ Ham thich nghi (Fitness)
Ta xay dung ham thich nghi f(x) nhan gid tri khong am. C6 2 trudng hop:
» DOGi voi bai toan tim cyc ti€u ham g(x)
C...—8x) khi gx)<C, ..
f(x)= ,
0 khi gx)=2C,_ .
C6 thé 14y Cpux 12 gid tri g 16n nhat trong quan thé hién tai.

> DO6i véi bai todn tim cuc dai ham 2(x)
u(x)+C,_. khi u(x)+C_. >0
f)= :
0 khi ux)+C,, <0
C6 thé 14y Cpin 12 tri tuyét d6i ctia u bé nhét trong quan thé hién tai.

1.4.3 CAu tric cia thuit toan di truyén téng quat
Thuét todn di truyén bao gém céc budc sau:
Budc 1: Khoi tao quan thé cdc nhiém sic thé. Chon md hinh cho giai phép
ctia van dé. Chi dinh cho mdi giai phap mot ky hiéu.
Budce 2: Tim ham thich nghi va xdc dinh gid tri thich nghi ctia ting nhiém
sic thé.

Budc 3: Sao chép lai cac nhidm sic thé dya vao gid tri thich nghi cta chiing
(tao sinh) va tao ra nhimg nhiém sic thé méi bang céc phép toan di
truyén (lai ghép hay dot bién).

Budc 4: Tinh h¢ sb thich nghi cho cdc thanh vién méi dé loai bo nhiing
thanh vién khong phit hop trong quén thé.
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Budc 5: Néu chua tim dugc giai phap ti vu thi trd lai bude 3. Néu muc tiéu
tim kiém da dat dugc thi dimg lai. Bdo cdo két qua.

h |
Chon loc
¥
Sinh san
¥
po6t bién
¥

Giai ma

m

1.4.4 Vi du minh hoa:

Vi du 1.12: Tim ddp s6 cho phuong trinh X* = 64. Day 12 mot bai todn don

gian dé givip ta c6 thé hiéu ro hon cic budc cua thuat toan di truyén.

Giai bai toan di truyén theo cdc budc sau:

> Budéc 1: Chiing ta sir dung hé nhi phan dé xay dung mé hinh bai toan.
Ta diing 4 bit nhi phan d& ma héa cho céc dép s6 clia bai toan. Gia sir ta
khong biét ddp sb ctia bai todn, ta s& chon 4 sb trong céc dép s ¢6 thé c6
va ky hiéu cho cic dap sb dé.
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Bang chon lya:

Thur tu Nhi phan | Thap phan
1 00100 4
2 10101 21
3 01010 10
4 1 1000 24

» Buéc 2: Tim ham 6 thich nghi va tinh h¢ s6 thich nghi cho timg d4p 0.
Ta chon ha,m sO thich nghi sau: f(X) = ]OOQ - (X2 - 64) ) )
Vay, dap so nao c6 h¢ so thich nghi f gan bang 1000 nhat thi d6 la dap so.

Khéo sét két qua tinh duoc:

Thi tw | Nhij phan Th‘é‘%’xl)’ha“ X2 - 64 H{fgi"i tfl(‘gh
1 00100 4 43 952
2 10101 21 377 623
3 01010 10 36 964
4 11000 24 512 483

> Budre 3: ta thiy, hé s6 thich nghi cua céc dap s0 van con cach xa 1000.

Do do, cén tao ra cdc dap s méi bang cach bién héa cic dap so cii. Ta thay
s6 4 va 10 c6 hé s thich nghi cao hon nén dugc chon dé tao sinh va bién
héa. Pong thoi s6 21 va 24 ¢6 hé sb thich nghi thap s& bi loai.

Gia sir ta lai ghép hai s6 4 va 10 theo hinh sau:

001 | 00 (4)

010 10 (103

010 | 00 (3)
001 | 10 (6)

> Buéc 4: Tinh hé s6 thich nghi cho quan thé méi

Thit tw | Nhij phan Th*-‘&‘)’ha“ X - 64 Hlfgsil"i tfl(‘gh
1 00100 4 ~43 952
2 01010 10 36 964
3 0 1000 8 0 1000
4 00110 6 28 963
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> Buwéc 5: May mén chiing ta da tim duoc két qua 1a X = 8 vdi hé s6 thich
nghi cao nhét 1a 1000.

Vay két qua cia bai toanla X = 8.

Vidu 1.13:
Tim gid tri cyc dai cua ham sau:
f(x;,x,) =215+ x, xsin(4mx, ) + x, Xsin(207zx, )
Véi -3.0<x,<12.1va4l1<x,<58

Gia sir kich thudc quan thé 1a 20, cic xdc suat di truyén twong ng 1a
pe =0.25 va pp, = 0.01

Giai:
> Budrc 1: Chiing ta sir dung hé nhi phan dé xay dung mo hinh bai toan
Gia sir ta can chinh x4c dén 4 s6 1¢ thi s6 khoang ma mdi bién can la:

Biénx;:  {12.1—(-3.0)}x10000 = 151000 khoang
= 50 bit can dung d€ ma héa cho bién x; la 18 bit

Bién x,:  {5.8—(4.1)}x10000 = 17000 khoang
= 50 bit can dung d€ ma héa cho bién x; la 15 bit
Vay chiéu dai cia mot nhidm sic thé 1am = 15 + 18 = 33 bit
nsT o 1] o | .. 1]
X X

Ky hiéu NST thirilav; = (x,,x,) voii=120
Tiép theo ta tién hanh khéi tao quan thé mot cach ngau nhién:

v =100110100000001111 111010011011111
v, =111000100100110111 001010100011010
vz =000010000011001000 001010111011101
v4 =100011000101101001 111000001110010
vs =000111011001010011 010111111000101
ve =000101000010010101 001010111111011
vz =001000100000110101 111011011111011
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vg =100001100001110100 010110101100111
vo =100000000101100010 110000001111100
vio =000001111000110000 011010000111011
vi1=011001111110110101 100001101111000
vi2 =110100010111101101 000101010000000
vi3=111011111010001000 110000001000110
vi4 =010010011000001010 100111100101001
vis=111011101101110000 100011111011110
vie=110011110000011111 100001101001011
vi7=011010111111001111 010001101111101
vz =011101000000001110 100111110101101
vi9 =000101010011111111 110000110001100
Voo =101110010110011110 011000101111110

> Budéc 2: Giai ma va tinh hé sé thich nghi (1dy NST thir 1 1am vi du)

Ma héa NST:
vi =100110100000001111 111010011011111

xi =-3.0+ dec(100110100000001111)x12'12]‘8ﬂ

=6.0845
5.8—4.1

215

X2 =4.1+dec(111010011011111) X =5.6522

Tinh tri thich nghi:
f (x1,x2) =1(6.0845 ; 5.6522) = 26.0196
Ta lan lugt tinh gid tri thich nghi cia cdc NST con lai.

20
Gia trj tong thich nghi toan quén thé : F = Z f, =387.7768

i=1

Xac suit chonp; : p, =£—M—O

= =0.067
F  387.7768

i 1
Vi tri xac suat ¢;: g, = ij =q, = ij = p, =0.067
j=1 Jj=l

Ta lan luot tinh gid tri cua cdc NST con lai. Ghi két qua vao bang.
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Bang két qua thu dwoc: ,
Trij thich nghi | Xac suat | Vi tri xac

NST Xi X2 f(x1,X2) chon p; suat qi
1 6.0845 5.6522 26.0196 0.067 0.067
2 10.3484 4.3802 7.5800 0.019 0.086
3 -2.5166 4.3904 19.6263 0.050 0.137
4 5.2786 5.5934 17.4067 0.044 0.181
5 -1.2551 4.7345 25.3411 0.065 0.247
6 -1.8117 4.3919 18.1004 0.046 0293
7 -0.9915 5.6803 16.0208 0.041 0.335
8 4.9106 4.7030 17.9597 0.046 0.381
9 0.7954 5.3814 16.1278 0.041 0.423
10 -2.5548 4.7937 21.2784 0.054 0.478
11 3.1300 4.9961 23.4107 0.060 0.538
12 9.3561 4.2395 15.0116 0.038 0.577
13 11.1346 5.3786 27.3167 0.070 0.647
14 1.3359 5.1513 19.8762 0.051 0.698
15 11.0890 5.0545 30.0602 0.077 0.776
16 9.2116 4.9937 23.9672 0.061 0.837
17 3.3675 4.5713 13.6961 0.035 0.873
18 3.8430 5.1582 15.4141 0.039 0.812
19 -1.7466 5.3955 20.0959 0.051 0.964
20 7.9359 4.7573 13.6669 0.035 1.000

» Tao sinh: Xay dung h¢ thong banh xe rulét cho tién trinh chon loc.
Quay banh xe rulét 20 lan, phat sinh ngau nhién 20 s6 (r) trong khoang [0 1]
Moi lan quay chon 1 NST mai (xem lai cdch chon NST ¢ phan trén)

Lan quay 1 2 3 4 5 6
S6 ngiu nhién | 0.514 | 0.175 0.308 0.534 0.947 0.171
NST du’(yc Ch(_)ll Vi1 V4 \'%i Vi1 Vig V4
Lan 7 8 9 10 11 12 13
r 0.702 0.226 0.494 0.424 0.704 0.389 0.277
NST Vis Vs Vil V3 Vis Vo Ve
Lan 14 15 16 17 18 19 20
r 0.368 0.983 0.005 0.765 0.646 0.767 0.780
NST Vg V2o Vi Vio Vi3 Vis Vie
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Nhu vay, quan thé méi duoc chon 1a:

v’; =011001111110110101 100001101111000
v’, =100011000101101001 111000001110010
v’z =001000100000110101 111011011111011
v’y =011001111110110101 100001101111000
v’s =000101010011111111 110000110001100
v’e =100011000101101001 111000001110010
v’z =111011101101110000 100011111011110
v’g =000111011001010011 010111111000101
v’e =011001111110110101 100001101111000
v’10 =000010000011001000 001010111011101
v’;1=111011101101110000 100011111011110
v’12 = 100000000101100010 110000001111100
v’13=000101000010010101 001010111111011
v’14=100001100001110100 010110101100111
v’;5=101110010110011110 011000101111110
v’16=100110100000001111 111010011011111
v’17 =000001111000110000 011010000111011
v’13=111011111010001000 110000001000110
V'io=111011101101110000 100011111011110
v’ =110011110000011111 100001101001011

> Qua trinh lai ghép: xdc suat lai p. = 0.25
D6i voi mdi NST trong quan thé méi phét sinh ngau nhién mot sb r trong
khoang [0 1]. Néu r < 0.25 thi ta chon mot NST cho trudce dé lai tao.
Gia str tht tu cta céc s6 ngau nhién 1a:

0.822 0.151 0.625 0.314 0.346
0.917 0.519 0.401 0.606 0.785
0.031 0.869 0.166 0.574 0.758
0.581 0.389 0.200 0.355 0.826

Ta théy cac NST v’ ,v’11,V’ 13,V 13 dugc chon dé lai tao. O day, chuing ta c6
s6 NST can duoc lai tao 1a mot sé chin nén ta c6 thé bat cip dé dang.
Truong hop téng s6 NST can lai tao la s6 1€ thi ta c6 thé cong thém maot
NST ngoai hoac léy bot di mot NST mot cach ngau nhién.

Ta gia st két hop (v’2 ,v’11) va (v'13,v'1g). DP6i voi mdi cip NST sé& phat
sinh mot sO nguyén ngau nhién pos trong khoang [1 32].
S0 pos cho biét vi tri cua diém lai tao.
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e Cap NST (v’2,v’11): gid st pos =9
v = 100011000§101101001 111000001110010
w1 =111011101101110000 100011111011110

: v’ =100011000 101110000 100011111011110
v’ =111011101 101101001 111000001110010

e (Cap NST (v’13,V’13): gid su pos = 20

w13 =000101000010010101 00j1010111111011
w1z =111011111010001000 11j0000001000110

v’’13 = 000101000010010101 11 0000001000110

> >’ 1¢ = 111011111010001000 00 1010111111011
> Phép toan ddt bién: xdc suat dot bién py, = 0.01

Toan bd quan thé c6: 33 x 20 = 660 bit

Nhu vdy, trung binh c¢6 6.6 dot bién trong mdi thé hé. Vi mdi bit déu ¢ co

hoi dot bién ngang nhau nén ta phat sinh ngiu nhién s r trong khoang [0 1].

Néu bit nao r < 0.01 thi xay ra dot bién & bit d6. Gia st ¢6 5 vi tri dot bién:

Vi tri bit | S0 ngiu nhién | Nhiém sic thé thir | Vi tri bit trong NST
112 0.0002 4 13
349 0.0099 11 19
418 0.0088 13 22
429 0.0054 13 33
603 0.0028 19 9

Ta thiy c6 4 NST bj dot bién. Trong d6, NST thir 13 bi dot bién & 2 vi tri.
Sau khi dot bién, quan thé hién hanh la:

v; =011001111110110101 100001101111000
v, =100011000101110000 100011111011110
vz =001000100000110101 111011011111011
v4 =011001111110010101 100001101111000
vs =000101010011111111 110000110001100
ve =100011000101101001 111000001110010
v; =111011101101110000 100011111011110
vg =000111011001010011 010111111000101
vo =011001111110110101 100001101111000
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vio =000010000011001000 001010111011101
vy =111011101101101001 011000001110010
vi2 = 100000000101100010 110000001111100
vi3 =000101000010010101 110100001000111
vi4 =100001100001110100 010110101100111
vis=101110010110011110 011000101111110
vie = 100110100000001111 111010011011111
vi7 =000001111000110000 011010000111011
vig=111011111010001000 001010111111011
vio=111011100101110000 100011111011110
Voo =110011110000011111 100001101001011

Nhu vy ta dd hoan thanh xong mot vong 1p (nghia 1a mot thé hé).

Ta tinh todn twong tu cho vong lip ké. Két qua thu dugc tir quan thé méi la:
Téng d6 thich nghi: F = 447.049 cao hon so vdi quan thé trudc (387.77).
NST tét nhit v;; ¢6 do thich nghi 12 33.35 tot hon NST t6t nhat v, cta

quén thé trude 1a 30.06.

» Nhan xét:
Cir tiép tuc nhu thé, cd thé “troi hon ca* s& dugc luu trit tai mot vi tri riéng
biét. bang cich nay, thuat gidi c6 thé duy tri duoc cd thé tot nhat tim duoc
trong sudt qud trinh (khong c6 nghia 12 tot nhat trong quan thé cudi cling).

1.4.5. Két luan:

Thuat toan di truyén da chimg t6 tinh hitu ich ciia né khi dugc Gmg dung
rong rii trong nhiéu linh vuc khéc nhau cta cudc song.

Trong linh vuc diéu khién tu dong, thuat toan di truyén ¢6 thé dugce su
dung dé x4c dinh thong s6 ti wru cho céc bo diéu khién. Thong s6 bo dicu
khién dugc md héa thanh cic nhidm sic thé, thong qua md phong, cic
nhiém sac thé nay dugc ddnh gid va lya chon thong qua mirc do thich nghi
ctia ching (ciing chinh 1a cdc chi tiéu chat lugng cua hé thdng). Két qua cua
thuat toan s¢ cho mot bo diéu khién c6 thong s6 t6t nhat.

Trong y hoc, cdu tric ciia cic chat héa hoc dugc ma héa thanh cic
nhiém séc thé hodc dd thi. Thuét todn di truyén s€ lai ghép, lva chon dé tao
ra cdc nhi®m sic thé méi (cdc chat héa hoc méi). Va trong thuc té da c6 rat
nhiéu loai thubc mai duogc tao ra nhu vay.
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1.5. Su két hop cac thanh phan cia tinh toan mém

Ba thanh phﬁn chinh cua tinh todn mém c6 thé st dung hoan toan ddc lap
v6i nhau, tuy nhién thyc t& da cho thiy viéc két hop cic thanh phan nay véi
nhau s& lam ting ddng ké chat lugng cta thuat todn.

C6 3 kiéu két hop tuong dbi pho bién :

. T
“ -
Y

| Logic

somE

h,

o w
[' Mang H-‘Giéithqat"-l
' no=ran | -.._ditruyén ;
e .S

-

Sw két hop cdc thanh phan ciia tinh todn mém

1.5.1 Két hop mang no-ron nhén tao va logic m¢ (neuro-fuzzy)

Nhitng vu nhugce diém ctia mang noron va dieu khién mo:

Tinh chat Mang Noron B9 diéu khi¢n mo
R LtA et el Thong qua trong s6 duoc Duoc thé hién ngay
Theé hign tri thire thé hién an trong mang tai ludt hop thanh
Ngudn cia tri thirc T cdc mau hoc Tu kmhAngmcm
chuyén gia
Xir ly thong tin . binh lugng va dinh
khéng chic chin Dinh luong tinh
Trong noron va trong sO A N
cn o1 s \ "~ ° x| Trong luat hgp thanh
Luwu giir tri thire cua tung duong ghép noi va ham thuée
noron
Kha nang ciap nhat
va nang cao kién Thong qua qua trinh hoc Khong cé
thire
Tinh nhay ciam véi )
nhirng thay doi cua Thap Cao
mo hinh

Trang 108



Chuong 1 : Cong ngh¢ tinh toan mém

Mang no-ron cé khuyét diém 16n 1a tinh chat “hdp den” cua né. Dir liéu
duoc dua vao mang, qud trinh tinh todn x4y ra va cho két qua & ngd ra. Tuy
vay, ta khong biét mot cach chinh x4c chuyén gi da xay ra.

Logic mé thi nguoc lai, cic tap luat cia chiing rat gan giii v6i tri thirc con
nguoi. Tuy nhién, logic mo lai khong c¢6 dugc kha nang ty hoc cia mang
no-ron. Céc ludt mo va ham lién thudc chi c6 thé dugc diéu chinh bang tay.

Vi the, sy két hgp mang noron va diéu khién m¢ da vo hinh chung x6a bo
nhiing khuyét diém cua ching, tao ra by diéu khién mo - noron ¢6 uu diém
vuot troi.

Mang noron B¢ diéu khién mo
Vao il ®Xu Iy tin hiéu noron vao Ra
=P o Ubc lirong trang thdi | @ Dicu khién —>
® Dy bdo trang thdi e Ra quyét dinh
® Nhan dang hé théng

Kién triic kiéu mau ciia mét hé mo-noron
H¢ théng no-ron mo st dung thudt todn hoc cua mang no-ron nhiéu 16p dé
chinh dinh thong sd va ciu tric cia bd md. Diéu niy ¢6 nghia 12 bd md ¢6
thé ty x4y dyung chinh né (khong cﬁn kién thuc chuyén gia vé dbi twong ma
n6 mo hinh hoéa) khi dugc cung cap nhimg tdp mau dir lidu giau thong tin.
Céu tric xdy dung xong c6 thé dé dang “bién dich” sang ngdn ngit luat gan
glii v&1 con nguoi.

Day 1a sy két hop ddy hiéu qua trong k¥ thuét tinh todn mém

1.5.2. Két hop giai thuat di truyén va logic m¢ (genetic fuzzy)

Khi h¢ thong qua phirc tap (hodc gid tri ngd vao hoic ngd ra khong do luong
duoc), ta khong thé xay dung cdu tric bd md bang kién thic chuyén gia
ciing nhu khong thé huin luyén né bang mang no-ron. Néu nhu, viéc dénh
gid chat luong cta hé thong 1a khong qud khé va cé thé xem nhu mot ham
thich nghi thi ta c6 thé sir dung giai thuat di truyén dé chinh dinh bo mo.

Céc hé quy tdc va ham lién thudc ctia bo mo duge ma héa thanh cic chudi
nhiem sac thé. Giai thuat di truyén dugc dung dé tao ra 101 gidi toi uu. P6
chinh la cac thong so6 va tap luat lam cho chat lugng cua hé thong t61 wu.

Trang 109



Chuong 1 : Cong ngh¢ tinh toan mém

Mot trong nhiing img dyng thanh cong la viéc phan tich nguyén nhan lam
xuat hién cdc vét nut trong cdc cong trinh xdy dung bang da. Pay 1a mot
linh vuc doi hoi rat nhiéu kién thuc chuyén gia va phu thudc vao nhiéu dac
tinh khic nhau. Hé théng mo dugc ding c6 ngd vao 1a 42 dic tinh do luong
dugc dé xéc dinh 1y do chinh tir 6 kha ning. Do hé thdng c6 s6 lugng thong
s6 qud 16n va ciing qud phuc tap, viéc xay dung b luat va xdc dinh cac ham
lién thugc cho hé thong bang tay 12 mot diéu gan khong co tinh kha thi. Giai
thuat di truyen da duoc van dung va dem lai két qua tuong ddi tbt voi ti 18
sai s6 nhé hon 4%.

1.5.3. Két hop mang no-ron va giai thuit di truyén
> Két hgp mang no-ron véi giai thuat di truyén

Giai thuat di truyén doi héi ta phai xdc dinh cic ham thich nghi. Tuy nhién,
doi khi viéc xdc dinh ham thich nghi hop 1y 1a mét didu khong thé. Vi dy khi
dung giai thuét di truyén dé chinh dinh thong sb cho bd diéu khién ctia mot
hé thong phtre tap. Khi d6, ham thich nghi chinh la chat Iuong diéu khién
cua toan h¢ thong Théng s6 nay chi c6 thé dat duogc bang cach thu nghiém
tung bo diéu khién (ting ca thé) trén hé thong thuc. Diéu nay giy tén kém
vé mit thoi gian va kinh té.

Trong nhiing trudng hop nhu viy, mang no-ron cé thé duoc ding dé xdy
dung ham thich nghi cho giai thuat di truyén. Thé manh ctia mang no-ron Ia
kha ning nhan dang do né c6 thé xap xi bat ky ham phi tuyén ndo. Sau khi
nhan dang dugc md hinh h¢ théng, mang no-ron cé thé thay thé viéc thu
nghiém trén hé thdng thuc bing viéc mé phong trén mdy tinh. Piéu nay
khién giai thuét di truyén thyc thi nhanh hon do viéc mod phong trén may
tinh dugc thuc hién hoan toan tu dong va cho két qua nhanh chéng.

Mot tng dung cua ky thuat nay la trong nganh cong nghiép thép. Viéc du
bédo déc tinh co cua hop kim thép khi duge cung cap céc thong so vé thanh
phan kim loai va nhiét d6 toi 12 mot viéc khong dé dang. Cdc nha nghién
cuu tai dai hoc Sheffield da huén luyén mot mang no-ron duva trén nhiing
thong tin nay va dac tinh co do dat dugc dé xay dung md hinh dy bdo dac
tinh hop kim. Mang no-ron nay sau d6 dugc dung nhu mot ham thich nghi
trong giai thuat di truyén dé phat trién cic thiét ké hop kim méi véi nhiing
dic tinh mong muédn.
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> Két hop giai thuit di truyén véi mang no-ron

Vi du: Ta s& xem xét viéc ing dung GA dé huan luyén mang noron truyén
thang da 16p nham giai quyét bai todn XOR quen thudc.

0 day, ta sir dung ham kich hoat trong mang la ham sigmoid vo cyc.
Chudi nhlem sic thé (NST) du’O’c ma hoéa dudi dang (wl, W2, .0y Wo ). Trong
d6, mdi phan tir 1a mot trong sO ¢6 gid tri thyc. Phan tor nho nhat ma qui
trinh lai ghép va dot bién diéu khién chinh 1a céc trong s6.
Gia str, todn tir lai ghép duoc dung 1 lai ghép déu. Ta thuc hién qud trinh
theo cdc budc sau:

> Trudc tién, ta chon ngiu nhién n, vi trf cia phan tir trong NST.

> Sau d6 thuc hién viéc trao ddi 13n nhau gifra cac phﬁn tu tai nhitng vi

tri da chon ¢ trén.

Thong thuong so lugng cac phan tir dugc trao ddi n. duwoc chon bang mot
phan hai tong s6 cac phan tir trong NST.

Toén tir 4ot bién xay ra véi xdc suat bang 1.0 trén cdc cd thé chon lya khi
céc cé thé d6 khong tham gia vao hoat dong lai ghép. Nhu vay, néu xdc suat
lai ghép ctia mot cip cd thé 1a p, thi xdc suat dot bién s& 1a (1 - pe).

Todn tir dot bién s& lam tang cac phan tir thém mot gia tri bang Aw, gid tri
nay s& dugc chon ngiu nhién trong khoang x4c dinh cho trude.

X ..'/- -, wi J," "\,\ wl
lk____;'\\_ H‘HH
wh e
T
%
Wi
% ..|"' ' ’
- e
wh
P

CAn e meang cho b tosm XOFR
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C6 hai kiéu chon loc ¢c6 thé duoc st dung:

> Chon ra cic cap dé ing dung nhiing todn tir di truyén (giéng nhu
giai thuat chuan héa.

» Chon ra nhitng ca thé ton tai cho lan tao sinh ké tiép. Sau khi cac
todn tir di truyén tao ra nhimg cd thé mdi, nhimg cd thé ton tai s&
duoc chon tir nhitng ca thé méi dugce tao ra va nhirng cé thé hién tai.
Gid tri thich nghi s& duoc tinh todn va gdn dén tat ca cic cd thé. Sau
d6, céc ca thé dung cho lan tao sinh ké s& dugc chon vé&i xédc sut
trong Gng véi gid tri thich nghi cua ching. Kich ¢& quan thé cua
nhing 1an tao sinh sau d6 ciing dugc giit ¢b dinh (bang mot phan hai
quén thé thir nghiém).

Céc k¥ thuat diéu chinh va phén chia ciing dugc ding:
f =af+b
Trong d6:
f 12 gid tri thich nghi gdc; f * 12 gid tri thich nghi d diéu chinh
Hé sbavab duoc chon sao cho:

favg = favg

Vé’ fmax = Cmultf;zvg
O day, Cpui 12 86 Iuong con chdu du tinh tao ra tir ¢4 thé thich nghi nhat (gia
su ta chon bang 2).

Bay gio, ta s€ tng dung GA dugc md ta nhu trén vao mang noron (nhu
hinh) dé giai quyét bai todn XOR.
Gia su rang:

» Xj, X va y chi nhéan hai gia tri 1a 0.1 hoac 0.9 twong Gng v6i TRUE
hoic FALSE. Kich ¢& quan thé 1a 20.

Gia tr1 khoi tao ban dau 1a céc sé nguyén trong khoang [ -10, 10 ].
Xéc suat lai ghép p. = 0.7 va so vi trf lai ghép n. = 4.

Gid tri dot bién Aw 1a mot sb nguyén ngau nhién trong mién [-3, 3].

YV VYV

Todn tir dot bién dwoc didu chinh sao cho timg trong s6 khong vuot qua
mién gidi han [-10, 10] va bao quan dugc kich cd cua khong gian tim kiém.
Gi4 tri thich nghi dugc tinh dwa vao ham 16i, chinh 1a tri tuyét ddi ciia tong
cdc sai 1éch ngd ra trén 4 mau XOR.

Sau 30 lan tao sinh, ta s& c6 mot mang noron hop 1y véi gia tri ham 18i nho
hon 0.05 (gi4 tri thich nghi 16n hon 20).
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1.6. H¢ thong diéu khién tich hop

Nganh diéu khién hoc d ra doi va phét trién tir rat som, dic biét 1a trong 2
thap nién gan diy viéc tmg dung Ly thuyét md va Mang noron di tao ra
nhiéu phuong phdp diéu khién méi véi ddc tinh “linh hoat” va “théng
minh” hon. Cong nghé md va céng nghé mang noron 1a hai try cot chinh dé
tao nén cong nghé tich hop méi, cong nghé tinh todn mém (Soft computing).

1.6.1. Khai niém
Mot s6 phuong phdp duoc sir dung trong nganh diéu khién hoc:

DK Kinh dién & Hién dai PK Théng minh
PID GA
Tdi vu Noron
Thich nghi Mo
Bén vimng

Mdi phuong phép déu cé nhitng diém manh va han ché nhat dinh, vi vay
ngudi ta thudng c6 xu hudng két hop chiing lai véi nhau dé tao ra mot mo
hinh diéu khién c6 kha ning ddp tmg cao véi cdc doi hoi thyc té. Viéc két
hop nay da cho ra mot phuwong phép diéu khién méi d6 1a diéu khién tich
hop.

Diéu khién tich hop : Diéu khién két hop phuong phdp kinh dién hodc hién
dai voi phwong phdp diéu khién thong minh.

1.6.2. Mot s6 hé thong tich hop

e Diéu khién sir dung PID m&

e Diéu khién md - thich nghi, md - t6i uu.

¢ Su dung hé mo - noron dé nhan dang & tbi uu hé théng.

e Ung dung thuét toan GA trong thiét ké hé thong diéu khién.
O phan 1.2.3 ta da trinh bay vé cach thiét ké bo PID mo, phan 1.2.5 da néi
vé& viéc tich hop cong nghé mo trong diéu khién. O phan sau ching ta s&
thiét ké h¢ thong diéu khién neuron mo hé con lac nguoc dya trén phuong

phép ti€p can sai sO phan cap mo.
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Thiét ké hé théng didu khién neuron méo hé con lic nguwoc dwa trén
phuong phap tiép can sai sé phan cip mo.

Chting ta xét m6 hinh con lic nguoc nhu ¢ vi du 1.8:
Véi gia thiét:
> Khéi lugng xe m. = 1 kg
> Khoi luong vat m = 0.1 kg
> Chiéu dai cta vat 2/=1m
Phuong trinh dong cua hé con lac ngugc duge cho nhu (1.36) va (1.37):

x| [0 1 L[o . y
K 1o o X, l(f(xl’xz) g(x,, x,)u+d)

X
y=Il 0]
X,

Trong dé:
> u lalyc tic dung (tin hiéu diéu khién)
> d 1a nhidu ngoai tién dinh (gia sir 12 tin hiéu séng vudng vai bién do
+/- 0.1 va chu ki 2.

» Ngo ra cua hé 1a y va tin hi¢u ngd ra mong mubn 12 Ym =(7/30).sin(t)
Nhiém vu diéu khién cua ta I diéu khién trang thai y = x ctia hé thong bim
theo qu¥ dao ctia tin hiéu mong mudn yp,.

1. Bai toan diéu khién thich nghi:
Xem xét hé phi tuyén mot ngd vao - mot ngd ra (SISO) bac n c6 dang sau:

X=Ax+B(f(x)+ g(X)u+d)
y=C"x

oY)

Trong d6: A la ma tran dang thudng, B =[00 .0 11,CT =[10...00]

f(.) v g(.) 1a ham phi tuyén chwa biét ctia hé thong.

ueR va yeR 1a ham ngd vao va ngd ra cua h¢ tuong trng
Cho x=(x,x",..x" ") =(x,,x,,....x,)" € R" 12 vecto trang thdi ctia hé¢ va
gia thiét 1a khong do Siuqc hoan toan, va cho d Ia nhiéu gi¢i han bén ngoai.
bé hé (1) 1a diéu khién dugc, ching ta yéu cau g(x) # 0 va khdong mat tinh
téng qudt, gia thiét rang | g(x) 1> 0.
Xét mot ngd ra hé thdng y 1a do dugc va tin hiéu mong mubn cho trude yp,
Gia thiét y,,y",..,y"™" 1la rang budc va do dugc tuong ing. Muc tidu
diéu khién 12 tim kiém luat diéu khién u(t) ¢ ngd ra thyc y(t) tiém can dén
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ngd ra mong mudn yn(t). Vecto sai s bam theo e va vecto sai s6 wdc luong
dugc dinh nghia nhu sau:
e=y, —X,
e=y, —
Trongdé y, =y, yfﬂ”, I e =(e,e"
X va e ky hiéu udc lugng cua x va e tuong Ung.

()

—1
"),

Vi VxeR", | g(x) >0, nhiém vu ctia diéu khién 1a str dung ngd vao va ngod
ra cta hé thong dé thiét ké luat cap nhat cia bo diéu khién neuron mo u =
u(yl6,,0,) vavecto thong s6 6, va 6, . Di€u nay phai thoa man rang tat
ca cdc bién c6 trong hé théng diéu khién vong kin 12 bj chin va sai sé bam
theo phai cang nho cang t6t thoa chi tiéu rang budc.Theo tiéu chudn on dinh

Lyapunov va dua trén tiép cin twong dwong chic chin, ta ¢6 luét diéu khién
la:

(n)

( ) e—u.] 3)

Trong d6: ham f (X) va g(X) 1a u6c luong ctia ham phi tuyén f(x) va g(x),
T
=(k,,k
nhiéu bén ngoai va sai s6 ude lugng. Ta chon K" dé da thic dac tinh
(A - BK") 12 Hurwitz, nghia 1a cuc dic tinh ndm bén trdi mit phang phirc.
Dé dat duoc luat thich nghi can xéc dinh nguyén tac chinh @,,va 6, , ta xét

k,) 1a vecto d¢ loi hoi tiép va u, 1a tin hiéu diéu khién bu

n—=l2**s

ham Lyapunov :
v=leper 1 470+ 478
2 2, 7 2
Trong d6: 8, =6, -6,,6,=6,-6,, 7 vay, lacdc gid tri vo huéng duong
va P =P">0 12 ma trin x4c dinh duong thoa phuong trinh Lyapunov Dao
ham theo thoi gian cua V, ta dugc:
V=l&per e Pt 60,4410
2 2 % y, & F
Theo tiéu chuan 6n dinh Lyapunov, V <0, ta ¢6 luat thich nghi 9f , ég .

6, =—y,e’ Pb&(x)0
9g = —7QeTPb77(x)u1

Ching ta s& nghién ctru van dé nay ro hon trong phan Diéu khién mo thich
nghi ¢ chuong 3 .
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2. Co sé Iy thuyét mang Neuron mo:

CAu hinh xap xi ham neuron m& duoc dé nghi nhu hinh 1.26. Mang gém c6
hai phﬁn mang tién dé va mang két qui. Mang tién d¢ 12 mang neuron
truyen thang 4 16p dé dap ing yéu cau ‘cua ludt mo va tao ra d6 manh chdy
chuén héa nhu 12 ngd ra dé thé hién cip d6 quan trong cua luat md. Mang
neuron két qua thyc hién vi¢c hoc va gidi mo & ngo ra.

A. Mang tién dé:

Mbi niit 16p 2 (16p mo héa) thuc hién tinh téan ctia ham thanh vién:

X _E;i ’ P 2
luF,’ (x;) =exp| = O-j,- Hg (x;) =exp| — [lﬁff}
Trong 16p 3(16p ludt) dd manh chdy cua luat dugc cho béi:
l//lF,. (xi):HIUF’_’ (x;) l//é;,. (xi):H:uGit (x;)
i=1 i=1

L6p 4, 16p ngd ra cua mang tién d& thyc hién tinh todn chuan héa cia do
manh chdy boi:

gf(x) MHlur/ ()C) _ My/;,, (xi) é:[(x)_ H:ugl (X) _ '//é; (X)
2 Ta o 2w () )N § IALED) Zv/c )
=1 i=1 =1

=1 =l

B. Mang két qua:

L6p vao ctua mang két qua 14y hé sd trong luong wj, dé ndi voi 16p an. Ngo
ra mang y duoc tinh nhu 13 tong trong s trung binh ciia ;zlf thong qua hiu
chinh hé sb trong luong boi giai thuat tiép can sai sd phan cép mo (fuzzy
hierarchy error approach algorithm - FHEA). P manh chdy cua luat thir [
v, (x) duge chuyén nhu 12 bién ngd ra h}’ ctia 16p 1 cta mang két qua boi
phép tinh don gian. Lép 2 thyc hién tinh todn gid trj trong sb luat w', ¥,
trong d6 két qua cua luat mo thtr / duge dinh nghia 1a ham tuyén tinh cia
bién 16p vao h}’ ctia mang két qua, nghia 1a:

Luat [: If x;1s All and x; is Aé and .. and X, 1S Ai Then jlf =w.1f -hfv,

Ta chi can tinh gid tri trong s6 w; cua d0 manh chdy thu / cho moi luat

dugc tic dong boi giai thuat FHEA. Lép 3 1a 16p ngd ra ctia mang két qua
cling 1a ngd ra cua toan thé mang. Ngo ra cia mang duoc cho béi:

M M
y=2 &5 =D&, (whhy)
=1 =1
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Mang kst qud ' lgp1l  ldp2 14p 3
by 7

Mang tidn dé

Lépl 18p2 1ép3  lgp4

Hinh 1.26 CA4u tric cda mang neuron mg duya trén gidi thuat FHEA
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Giai thuit cip nhit trong sb w;j duoc dé xuat:

Vi mang neuron m¢ dugc cho ¢ hinh 1.26 chu yéu 12 mang truyén thing
nhiéu 1op, nén co6 the thiét ke giai thuat FHEA voi giai thuét suy giam do
dbc dé hoc thong sd dung tiép can lan truyén sai sb.

Gia st ham ton that sai s6 E dugc cho bai:

E=—(ym -y’

Ta dung giai thuat lan truyén nguoc sai s6 va giai thuat t6i wu do doc bac 1
dé chinh thong s6 w;.
Dau tién, thuc hién cic budc dé xic dinh sai sd hoc:

oE oE
5(3) = — = —— = —
onet® dy Ym =Y
Tinh a—E :
awj
oE OE  Onet?
awj B onet® awj B _6(2)hj
Trong d6:
oE OE net’ e’
52 = _ =5{3)§j

T onel - avle?)'if(nef))' nef’

oE
Suy ra: = (Y=y,)6,-h;
Wj
Giai thuat hoc dé chinh trong s 1a:

w,(k+1)=w,(k) —Ua—E,j =1,2,...M
ow;
Trong d6: toc dd hoc 1 12 hang s6 duong (0 <77 <1).
Giai thuat:
Budc 1: Khoi dong thong s6 con lic.
Xay dyng tap mau tir so dd diéu khién thich nghi.
Budc 2: Trong s6 duoc cép nhat trong qud trinh huan luyén mang
véi tip mau nhan duoc tir bude 1.

Budc 3: Xay dung ham S-function dé mé ta dic tinh phi tuyén, bat
6n dinh cta d6i tuong.

Budc 4: Két ndi so d6 Simulink diéu khién neuron mo véi S-
function véi cdc thong sb dbi tuong thay ddi (m val), cé
nhiéu tién dinh va nhidu ngau nhién.

Budc 5: So sanh két qua nhan dugc véi cac két qua dd cong bo.
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4. Két qua mé phéng:

Gia sir v6i diéu kién ban dau 1a x(0)=(-0.15, 0)".
Diéu khién neuron md thich nghi hé con lic ngugc

x1 vaym
s
05 _'.| | II..' ;'I
1 . T
il ] 1 % J L
af ' W o .
415
Y % & w % W #® ® D
1se]
Hinh 1.27
Qui dao trang thai x;(t)
» Sal soat
il ' =TT
Ilﬂi
(1]°)
uml
z nﬁ[
el
[]3 p||#|'1|ik| m’miﬁhﬁ'ﬂm
a0
[ziéumuﬁn&mzu
tsae]
,H\lnh 1.29
Sai s§) ngod ra bam E,, cho
diéu khién bam theo
Nhan xét:

Lucu

T R R R R VI R
)
Hinh 1.28 i
Quy dao tin hiéu dicu khién u(t)

018 k-
o
oo |
o
o
.u|-||
215
a2

0 2 4 & @& W 1@ W M W W
Husch

Hinh 1.30
Quy dao trang thai x,(t) khi dung
gidi thuat Singleton

Qu1 dao trang théi x,(t) bam theo yn, kha tot tuy nhién luat diéu khién u(t)
c6 tan sb dao dong cao.Sai s6 ngd ra Eqy tién dén 0 sau 20 gidy.
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So sanh v6i mang neuron mo singleton:

Trong phan niay ham S-function thyc hién mo phong mang neuron mo
singleton thay cho giai thuat FHEA.

Két qua md phong thu duge & hinh 1.30, ta thdy x; bim theo y,, ciing kha tot
khi dung mang neuron mo singleton thay cho giai thuat FHEA. Tuy nhién
so sanh 2 két qua thu duoc tir hinh 1.27 va hinh 1.30 ta thiy dung giai thuat
FEHA t6t hon ding mang neuron md Singleton.

5. Két luan:
Tém tit két qua diéu khién neuron mo véi gidi thudt FHEA cho hé con ldc
nguoc digc dé nghi.

1. Trong so do diéu khién neuron mo hé con ldc nguoc , ham phi
tuyén fva g duoc xdp xi bang mang neuron mo dua trén tiép cdn sai s6' ngo
ra mo phdn cdp . Mang neuron mo FHEA diugc hoc va hudn luyén trudc
duta vao tdp mau vao ra trong cdch thiic khéng truc tuyén.

2. Gid tri trong s6 la phi tuyén vi hé con ldc nguoc la phi tuyén , f
va g phi tuyén theo.

3. Két qud mé phdng da chitng minh rdng gidi thudt FHEA c6 thé
cdi thién tinh hiéu qud ciia xdp xi bam theo cho hé phi tuyén chua biét. Vi
nhiéu tién dinh, ngé ra con bdm theo tin hiéu mong mudén. Néu dua vao
nhiéu ngdu nhién thi diéu khién bdm theo mdt 6n dinh.

4. B diéu khién neuron mo cho két qud moé phdng 16t trong gidi
han trong luong con ldc m va chiéu dai con ldc L=21: m thay déi tir 0.1kg
dén 0.3kg, va L thay déi tiv 1m dén Sm.

5. Két quad dung gidi thudt FHEA cho két qud mé phdng tét hon va

nhanh hon dung mang neuron mo singleton.
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CAU HOI ON TAP VA BAI TAP

1. Neu r6 m6 hinh diéu khién mo theo Mamdani va theo Tagaki/Sugeno. So
sanh uvu nhugc di€ém hai mé hinh dé.

2. Céc budc thiét ké mot bo diéu khién mo. Vi sao néi diéu khién mo 1a diéu
khién dya trén kinh nghi¢m ?

3. Nguyén ly chinh dinh thong s6 cta bo PID mo. Ung dung trong diéu
khién nhiét do.

4. Thé nao 1a mang noron nhan tao ? Néu ndi dung cta thuat todn lan truyén
nguoc.

5. Vi sao phai két hop mang noron va hé mod ? Néu so dd kiéu mau cua mot
hé mo - noron. Ung dung mang RBF trong nhan dang hé théng phi tuyén.

6. Dé diéu khién tu dong may diéu hoa nhiét do l?ang ky thuat logic mo,
nguoi ta dung hai cam bién: Trong phong la cam bién nhiét T; , bén ngoai la
cam bién nhiét TO. Viéc di}%u hoé nhi¢t do thdong qua di€u khién toc do quat
lam lanh may diéu hoa. Biét rang:

- Tam nhiét d6 quan tam 1a [0°C - 50°C ]

- Toc @6 quat1a v € [0 — 600 vong/ phiit ]
Hay tinh toc d6 quat trong céc truong hop sau:

1.T;=21C T,=28°C

2.T;=30"C T,=35C

3.T;=26"C  To=33C

Nhan xét két qua ciia cdc trudng hop trén.

7. Thiét ké bo mo diéu khién nhiét d6. BO mo c6 2 ngd vao 1 sai 1éch e(t)
[ET] va dao ham sai 1éch de(t) [DET], mot ngd ra la dao ham cong suat
[DP]. Biét rang:

_ Lo nhiét c6 cong suét 1a 5SKW, tim do max 12 200 °C, sai s6 1a + 5%.

_ Tam thay d6i cia DET 1a-10°C/s —10°C/s

_ Tam thay d6i cia DP 13 -100W/s — 100W/s

Hay tinh cog suét cung cip cho 10 trong cic truong hop sau:

1. ET=8°C DET=9°C/s
2. ET=2°C DET=9°C/s
3. ET=7°C DET=-7°C/s
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8. Cho mot ddi twong 10 nhiét c6 ham truyén :

4228
G(S) = :
(S +0.5)(S* +1.64S +8.456)

a. Tinh thong $b bo PID theo Zeigler-Nichols, tinh POT, t; .
b. Thiét ké bd PID mo thoa man cdc diéu kién sau: POT < 10% va t, < 5

Biét rang:
- Nhiét do dat T = 200°C
- Sai s6 €max =T 5%

-DETe [-10 +10] (°C/s)
- Cong suat ctia 10 nhiét P = 5SKW
Tim Kp, K, Kp va tinh cong Suét trong cac truong hop sau:
1.ET=8C DET=9°Cls
2.ET=2°C DET=2%Cls
3.ET=8"C DET=-9C/s
Nhén xét két qua dat dugc.
9. Xét hé théng phi tuyén bac hai nhur sau:
¥+ a(t)x* cos3x=u
trong d6 at) chua bit va 1< ot) <2.
Thiét ké BDK truot u dé x bam theo quy dao mong muén xg.
10. Cho hé théng :

X, =sinx, + x, vVt +1
%, =a,(t)x; cosx, + a,(H)u
Trong d6 o(t) va on(t) 1a hai ham chua biét va: | oy(t) <10, 1 < ap(t) <2.

Thiét ké BPK mo truot véi trang thai vong kin x;(¢) dugc cho boi trang thai
mong muon X4(%).

11. Cho bai todn phan loai v&i cdc cdp vao/ra nhu sau:

e Flee oo e o)
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1. V& so d0 mang perceptron cho bai todn.C6 bao nhiéu ngd vao yéu cau
2. Biéu dién cdc cap ngd vao/ra trén do thi. Bai nay c6 thé gidi bang so
do mang vua thiét ké ¢ trén khong ? Tai sao?

12. Cho bai todn phan loai v&i cdc cdp vao/ra nhu sau:

e[t o el o [ -ol e [ oef

1. Thiét ké mang single-neutron perceptron (SNP) dé giai bai todn nay.
V& do thi céc vecto vao/ra, tir @6 chon vecto trong s6 W.

2. Kiém tra lai mang vira thiét ké v&i 4 vecto ngd vao trén.

3. Diing mang trén dé phan loai 4 vecto sau:

o 1 IR S T

4. Trong 4 vecto trén, vecto nio cho két qua phan loai gidng nhau
(khong phu thuoc vao W va b). Tai sao?

13. Giai lai bai toan 12 bang bat phuong trinh

14. Giai lai bai todn 12 bang cch st dung lut perceptron véi gid tri dau 1a:
W(@0)=[00] vab(0)=0

15.Chimg minh bang todn hoc rang khong thé giai bai todn sau bang mang

single-neutron perceptron hai ngd vao:

(e B e R U E SRR T

(Goi y: dung bat dang thire).
16. St dung ham hardlim() bang ham hardlims(), tirc 1a gid tri ngd ra s€ la
[-1 1] thay vi [0 1].

a = hardiims o a=hardlim(n)

1 1

I _||I= “’P -n . = I“-P -
_|.

1. Viét biéu thuc chuyén dé}i tor ham hardlim() sang ham hardlims()
2. Hai mang neutron ¢4 cau tric W va b nhu nhau: mang thr nhat st
dung ham nac thuong hardlim(), mang thr hai st dung ham nac doéi xung

hardlims(). Véi cling gi tri diu vao p va ciing sir dung luat hoc perceptron
thi vecto W ¢6 gid tri nhu nhau cho ca hai mang khong?

3. Néu sy bién doi cua W 1a khic nhau thi ching khic nhau nhu thé nao.
Tai sao?
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4. Giir nguyén gia tri ban dau W va b (gid tri diu ctia mang perceptron
st dung ham hardlim()). Hay tao mot thudt todn cho mang perceptron sur
dung ham hardlims() dé hai mang trén ludn ddp Ung nhu nhau khi huin
luyén trén cung mot dir liu.

17. Khi do trong luong va chiéu dai cta tai thé va gau ta thu duoc céc vecto:
1

O
I S B B

Trong dé:
Phan tir thir nhat ctia vecto ngd vao 1a trong luong
Phan tir thir hai ctia vecto ngd vao 1a chiéu dai cua tai
Chuén ngd ra 0 ing véi tho
Chuan ngd ra 1 tng voi giu
1. Diing Matlab dé dat gid tri dau va huan luyén mang gii bai toan.
2. Dung Matlab dé kiém tra gid tri W va b dat dugc dya vao céc vecto
ngd vao.
3. Thay dbi gid tri cdc ngd vao sao cho bai todn c6 10i giai (ttrc 12 ton tai
duodng phan chia tuyén tinh). Sau d6 huan luyén lai mang nay.

L]

Lid

18. Sau day 1a mdt dang khdc cta luat hoc perceptron:

‘.1‘-.'!|.'|| — .“-m'-.‘+ C[E"Flr

-hm:"n - -hn.'.z'_'_ue

Trong d6: & dugc goi la tdc d6 hoc
Chirng minh giai thuat nay hoi tu. Két qua c6 doi hai gi vé gidi han cua o
khong? Giai thich.

19. Dung Simulink d& mo phong céc h¢ thong “Qué béng va don bay”,
“Con lac nguoc”, h¢ thong di€u khién nhi¢t do dung PID mo.

20. Tham khéo céc vi du trong phan Help/Fuzzy Control Toolbox ciia
Matlab.

21.Xay dung M-file, s-funtion trong Simulink cho h¢ thdng.
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Chuong 3

PIEU KHIEN THICH NGHI

3.1 Khai niém
3.1.1 Dinh nghia

“Thich nghi 1a qud trinh thay d6i thong sd va céu tric hay tic dong didu
khién trén co so luong thong tin c¢6 dugc trong qué trinh lam viéc véi muyc
dich dat duoc mot trang thai nhat dinh, thudng 1a tdi wu khi thiéu luong
thong tin ban dau ciing nhu khi diéu kién 1am viéc thay d6i” hay :

“Piéu khién thich nghi Ia tong hop cdc ki thuat nham ty dong chinh dinh céc
bo diéu chinh trong mach diéu khién nham thuc hién hay duy tri 0 mot mirc
d6 nhét dinh chét luong cua hé khi thong sb cla qué trinh duoc diéu khién
khong biét truéc hay thay doi theo thoi gian”.

Hé théng dwegc mo td trong hinh dwdi day gom 2 vong:
- Vong hoi tiép thong thirong
- Vong hoi tiép diéu khién thich nghi

Két luan

Adaptation
1. Piéu khién thich nghi lién quan dén:
- Su thay do6i cua qué trinh dong hoc

- Su thay doi clia cdc nhiéu 1én hé théng -
2. Céc hé théng thich nghi 12 phi tuyén

3.1.2 Nhin dang hé thong

e Lam th€ nao d€ c¢6 dugc mo hinh?

Feedback
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- Vat i (hop tring)
- Kinh nghiém (hop den)
- Két hop ( hdp xam)
* Ké hoach hod thuc nghiém
e Chon lya c4u tric mo hinh
- C4c ham chuyén d6i
- Déap tmg xung
- C4c md hinh trang thai
e Tham s6 thich nghi
- Théng ké
- Cé4c van dé nghich ddo(Inverse Problems)

e Su hop Ii
3.1.3 U'6c lwong tham sé thich nghi thoi gian thue

1. Gidi thiéu

2. Binh phwong cuyc tiéu va hdi qui
3. H¢ thong dong

4. Céc diéu kién thuc nghiém
5.Cac vidu

6. Cdc két luan

3.1.4 Phan loai

C6 thé phén loai cic hé thich nghi theo cic tiéu chuan sau :
1. Hé thich nghi mo hinh tham chiéu ( MRAS )

2. B9 tu chinh dinh ( STR )

3. Lich trinh d0 loi

4. Hé tu hoc

5. Hé tu tb chirc
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3.1.5 Ung dung

¢ Tu chinh dinh
e Lich trinh d6 loi
¢ Thich nghi lién tuc

Qua4 trinh dong hoc
Bién dbi Hang i
Str dung bo diéu khién véi Str dung bo bién ddi voi
cac thong so bién doi cac thong so hang

Su bién thién Sy bién thién
khong biét trudc biét trudc

Str dung bo diéu Str dung lich trinh

khién thich nghi do loi

Hinh 3.1 So do cdc img dung
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3.2 Hé thich nghi mé hinh tham chiéu - MRAS
(Model Reference Adaptive Systems)

3.2.1 So’ @6 chirc niing

H¢ théng thich nghi st dyng m6 hinh chuan 13 mot trong nhitng phuong
phédp chinh cua diéu khién thich nghi. Nguyén li co ban dugc trinh bay &
hinh 3.2

A1 Ym
»| MO hinh
Tham s6 diéu khién 4
o] Co cau hi¢u chinh |e
u. \ 4
> A 32 A .2 u . Y.
3] BO diéu khién »| DO1 tuong »

Hinh 3.2 So do khoi ciia mot hé thong thich nghi mé hinh tham chiéu

Mo hinh chuén s& cho dap tng ngd ra mong mudn ddi véi tin hicu dat (yéu
cau). Hé thdng c6 mot vong hoi tiép thong thudng bao gdm ddi twong va bd
diéu khién. Sai s6 e 1a sai léch gifta ngd ra cua hé thong va ctia md hinh
chudne =y - yn. B diéu khién co thong sO thay d6i dya vao sai s6 nay. Hé
thong c6 hai vong héi tiép: hoi tiép trong la ‘vong hoi tlep thong thuong va
vong hoi tlep bén ngoai hiéu chinh tham s cho vong hoi tlep bén trong.
Vong hdi tiép bén trong duoc gia sir 1a nhanh hon vong hdi tiép bén ngoai.

Hinh 3.2 12 m6 hinh MRAS dau tién duoc dé nghi bdi Whitaker vao nam
1958 véi hai y tuong moi duge dua ra: Trude hét sy thuc hién cua hé théng
dugc xdc dinh boi mot md hinh, thir hai 1a sai s6 ciia bd diéu khién duoc
chinh boi sai s6 gitta md hinh chuan va hé thong. M6 hinh chudn st dung
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trong hé thich nghi bét nguén tir hé lién tuc sau d6 dugc mé rong sang hé roi
rac c6 nhiéu ngau nhién.

Chuong ndy tap trung vao ¥ tudng co ban. Dé van dé dugc trinh bay mot
cach ro rang, ta chi tap trung vao cdu hinh trong hinh 3.2 duoc goi 1a hé
MRAS song song . Day la mot trong nhiéu cédch c6 thé xdy dyng mod hinh
chuan. Chuong nay dé cap chinh dén hé lién tuc theo phuong phap truc tiép
c6 nghia 1 tham s6 dugc cap nhat mot céch tryc tiép.

3.2.2 Luat MIT (Massachusetts Institude Technology)

( MIT = Massachusetts Institute Technology : Vién cong nghé
Massachusetts)

Khau tich phan

26 y
S

Hinh 3.3 M6 hinh sai s6

He¢ thong thich nghi m6 hinh tham chiéu dau tién duoc dwa ra dé giai quyét
van dé: cdc diac diém cta mot mo hinh tham chiéu yéu ciu ngd ra 1a qud
trinh 1f twéng can c6 dap tmg ddi vai tin hiéu didu khién nhu thé nao. D6 thi
minh hoa trong hinh 3.2. Trong truong hop nay, mo hinh tham chiéu mang
tinh song song hon la nodi tlep, giong nhu cho SOAS (Self Oscillating
Adaptive Systems). B diéu khién c6 the dugc xem nhu bao gom hai vong:
mot vong phia trong goi la vong hoi tlep thong thuong cé qua trinh va bd
diéu khién. Cac thong s6 cua bo diéu khién duoc chinh dinh boi vong ngoai
sao cho sai s6 e gitra ngd ra y va ngd ra mo hinh yy, 12 nho nhat. Vi vay vong
ngoai con dugc goi 1a vong chinh dinh. Van dé 1a xdc dinh co cdu chinh
dinh cho hé thdng 6n dinh, nghia 1 sai s6 bang zero. Piéu nay khong thé
thuc hién dugc. Co céu chinh dinh véi thong s6 sau dugc goi la luat MIT,
dugc st dung cho h¢ MRAS dau tién:

do de

w - %
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Trong phuong trinh nay e 12 sai s6 cia md hinh e = y — y,,. Céc thanh phan
ctia vector de/00 1a dao ham do nhay cua sai sb d6i v6i céc thong sé chinh
dinh 0.Thong sb v x4c dinh tdc d6 thich nghi. Luat MIT c6 thé duoc giai
thich nhu sau. Gia st rang cdc thong s6 6 thay doi cham hon nhiéu so véi
cac bién khdc cta hé thong. Dé binh phuong sai sb 12 bé nhat, can thay doi
céc thong s theo hudng gradient 4m ctia binh phuong sai s6 e’

Gia sir mubn thay d6i thong s6 ctia bo didu khién sao cho sai s6 giita ngd ra
ciia ddi twong va cia mo hinh chuén tién t6i zero. Dat e 1a sai s va 0 Ia
thong sb hidu chinh. Chi tiéu chét lugng :

J(8)= %X (3.1

dé 1am cho J(8) MIN thi can phai thay doi cic thong sé theo hudng 4m ctia
gradient J, c6 nghia la :

20 a de
99 o e 3.2
o Taa T ¥ (3:2)

Gia st rang céc thong so6 can thay doi 0 thay do6i chdm hon nhi€u so véi céc

bién khac ciia hé théng. Vi vay dao ham aa_z dugc tinh voi gia thiét 0 1a
h?mg s6. Biéu thirc dao ham 3—2 goi 1a ham dg nhay cua hé théng. Luat diéu

chinh theo phuong trinh (3.2) véi 3—2 la d nhay thi ¢6 lién hé¢ giéng nhu

lugt MIT. Céch chon ham ton that theo phwong trinh (3.1) c¢6 thé 1 tuy y.
Néu chon

J8) = lel (3.3)
Khi d6 luat hi€u chinh s€ 1a :
% = — 7% sign(e) 3.4)
Hoac
a0 = — 7sign(£jsign(e)
dt 26

Day goi 1a giai thuat dau - dau. Hé roi rac st dung giai thuat nay duoc ng
dung trong vién thong noi doi hoi tinh todn nhanh va thyc hién don gian.
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Phuong trinh (3.2) con duogc dp dung trong truong hop cé nhiéu théng sb
hiéu chinh, khi d6 6 tré thanh mot vector va £ l1a gradient cua sai s6 doi

véi cdc thong sé tuong tmg. Ung dung cia luat MIT dugc biéu dién bang
hai vi du sau :

Vi du 3.1 - Hiéu chinh d¢ loi nudi tién
Xét van d& hiéu chinh d6 1oi nuéi tién véi mo hinh va ddi twong déu ¢6 ham
truyén la G(S). Sai s0 la:

e=y-—ym= G(p)Qu.—G(p)0°uc

vOi uc 1a tin hi€u dat, ym 1a ngd ra mo hinh, y la ngd ra d01 tuong, 6 la thong
s6 hiéu chinh, va p = d/dt 12 to4n tir vi phan. D nhay khi ay bang :

de

Y = G(plu. = yu/60°

Luat MIT duoc cho :
do
i

Néu ddu cua 6° duoc biét, khi y dwara y= /6°

- Y'yVme/6°

Su thay d6i cua tham s6 0 ti 1€ voi tich sai s6 e va ngd ra cia mo hinh yy,.

Vi dy trén khong dung viée Xap xi : Khi luat MIT duoc dp dung vao nhirng
van dé phuc tap hon thi can phai c6 xap xi dé tinh dugc do nhay.

Vi du 3.2 MRAS cho hé bic nhat

Xét hé thong dugc mod ta béi phuong trinh:
dy
dr

v6i u la bién dicu khién, y 1a ngd ra dugc do luong.

= —a + bu 3.5)

Gia st mong muon c6 dugc hé vong kin dugc md ta bdi:

dy,,
dt

MBS hinh kém theo hoan hao c6 thé dat dugc véi bo diéu khién

= - apYm + bpult,
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ut) = tyudt)— s,¥(t) (3.6)
v6itham sb 1) = bu/b ; so = (am—a)/b

Chi y hoi tiép sé 1a duong néu a, < a, nghia 12 mb hinh mong mubn thi
cham hon qu4 trinh. Dé 4p dung luat MIT , sir dung sai sd e = y — y,,, Vi y
l1a ngo ra hé kin.
Theo phuong trinh (3.5) va (3.6) thi:

bt,

:—MC
p +a+bs,

v6i p 1a todn tir vi phan. PO nhay c6 thé tinh dugc bang céch 14y dao ham
riéng phan theo tham s6 cta b diéu khién sp va to :

g _ b
ot, p+a+bs,
de b’t, b
= zuc =-—Yy
os, (p+a+bs,) p+a+bs,

Céc cong thirc nay khong thé ding vi thong sb ddi tugng a va b chua biét.
Vi vay can phai lam xap xi dé c6 dugc luat hi¢u chinh tham s6 thyc té. Bé
thuc hién diéu nay, dau tién can quan st voi gia tri toi vu cia tham so bd
diéu khién, ta co :
p+a+bsp=p+a,

Hon nita can chii y 12 b ¢6 thé duge bao gdm trong hé s6 tdc do thich nghi 7.
Ba&i vi n6 xuat hién trong tich yb, di€u nay doi héi dau ctia b phai dugc biét.
Sau khi xap xi, luat cp nhat cac tham so6 dieéu khién c6 dugc la:

dt, 1
— = - u, le
dt p+a,

ds, y( ! J G.7)
dt p+a,

Vi du trén chi c4dch st dung luat MIT dé tao dugc luat hiéu chinh thong $6.

Két qua md phong hé MRAS trong vi du 3.2 cdc véi thong sd nhu sau:
» a=1,b=05a,=2vab,=2.

» Tin hi¢u vao la séng vudng vaéi bién do bang 1 va y=2.
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Ym
1
0
Y
&1
0 20 40 60 80 100
[
5.
u
0
-5 T T T T T
0 20 40 60 80 100

Time

Dép tng cua ngd ra y, ngd ra tham chiéu yy, va tin hiéu di€u khién u.

Nhén xét:

> Heé thdng vong kin d dat dén ddp tmg mong mudn chi sau mot thoi
gian ngan.

> Tbc d6 hoi tu phy thudc vao hai thong sd 1a yva b

Diéu ding quan tdm nhét qua vi dy trén 14 cich ma luat MIT dugc sir dung
dé hi¢u chinh céc thong so.

> NG khong nhat thiét doi héi phai c6 mdt md hinh kém theo hoan ho.
Va qua trinh nay c6 thé ap dung cho hé phi tuyeén.

» Vi du nay da sur dung lai cAu trdc nhu hinh 3.3. C6 2 bd nhan dugc
sir dung.Trong d6: bo nhan thir nhat 1a cia e va 88_469 , va phuong
trinh 3.7 cung cép thong s cho bo nhan thir hai.

» Viéc xap xi la rat quan trong boi vi néu xap xi tot ta s€ c6 dugc luat
hi¢u chinh thong s6 dang tin cay.

Luat MIT s€ dat hiéu qua cao néu nhu ta chon do thich nghi ¥ nho. Tuy
nhién, gi¢i han nay con tiry thudc vao bién d¢ cta tin hiéu chuén ciing nhu
12 d6 loi cta hé théng. Trong mot sé trudng hop, luat MIT c6 thé 1am mat
tinh 6n dinh cta hé théng. Do d6, khi su dung ludt hi€u chinh ta cling can
phai quan tdm dén tinh on dinh ctia hé théng.
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Vai tinh chit sau can chii y:
1. Khong can thiét doi hoi mot mo hinh kém theo hoan hao. Céc thu tyc c6

thé duoc 4 ap dung cho h¢ phi tuyén. Phuong phép nay ciing c6 thé duoc ding
dé diéu khién cho hé biét trudc mot phan.

2. CAu tric nhu hinh 3.3 ¢6 mot phép nhén giita e va %.

06

Lay tich phan phuong trinh (3.7) s& cho ra cdc tham sé va dugc truyén dén
b diéu khién sir dung phép nhan thir hai.

3. Sy xAp xi 12 can thiét dé c6 dugc luat diéu khién hiéu chinh tham sb thuc
té.

Luat MIT c6 thé thuc hién ot néu d6 loi thich nghi 7 1a nho. Do 16n y tuy
thudc vao bién do cia tin hiéu chuan va do loi ctia ddi tugng. Vi vay khong
thé c6 mot gidi han ¢ dinh dam béo an toan do d6 luat MIT c6 thé cho mot
hé vong kin khong an toan. Luat hiéu chinh bd sung ¢ thé duoc diing bang
If thuyét 6n dinh. Nhiing luat nay tuong ty luat MIT nhung céc ham d¢ nhay
thi duong nhién 1a khic. Y nay duogc trinh bay nhiéu hon trong muc 3.2.4

3.2.3 Néi dung, phwong phap thiét ké MRAS

C6 ba phuong phép co ban dé phén tich va thiét ké h¢ MRAS :
ePhuong phdp tiép can Gradient
eHam Lyapunov

oLy thuyét bi dong

Phuong phdp gradient dugc dung boi Whitaker dau tién cho hé MRAS.
Phuong phdp nay dya vao gia sir tham sd ctia b hiéu chinh thay do6i cham
hon cdc bién khdc cta hé thdng. Gia st nay thira nhan c6 sy 6n dinh gia can
thiét cho viéc tinh todn d6 nhay va cho co cau hiéu chinh thich nghi.
Phuong phap tiép can gradient khong cho két qua can thlet cho hé thong kin
6n dinh. B quan sat dugc dua ra dé dp dung Iy thuyet 6n dinh Lyapunov
va If thuyét bj dong duoc ding dé bo sung cho co cau thich nghi.

Dbi v6i hé théng c6 tham sd diéu chinh duge nhu trong hinh 3.2, phuong
phép thich nghi sir dung mo hinh chuén cho mot cach hi¢u chinh tham s6
téng quat dé c6 dugc ham truyén hé théng vong kin gan voi mo hinh. Pay
goi la van dé mo hinh kem theo. Mot cau hoi dat ra la ching ta lam cho sai
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léch nh6 nhu thé nao, didu nay phu thudc béi mo hinh, hé thdng va tin higu
dat. Néu c6 thé 1am cho sai s6 bang 0 d6i véi moi tin hiéu yéu cau thi goi la
mo hinh kém theo hoan hao.

Mo hinh kém theo

Van dé mo hinh kém theo c6 thé duoc gidi quyét bang thiét ké phan s6 cuc
(miu td ngin gon vé thiét ké phan cuc duoc cho trong phu luc A
(TLTK[1])). M6 hinh kém theo 1a cich don gian dé thiét lap hay giai mot
van dé diéu khién tuy dong. MO hinh st dung c6 thé 12 tuyén tinh hay phi
tuyén. Céc tham s trong hé théng dugc hiéu chinh dé c6 duoc y cang gan
VGi ym cang tot d6i voi mot tap céc tin hiéu vao. Phuong phép thich nghi 1a
mot cong cu thiét ké hé MRAS, van dé nay dugc trinh bay trong muyc 3.2.4.
Mic dit mé hinh kem theo hoan hao chi c6 thé dat dugc trong diéu kién ly
tuong nhung phén tich truong hop nay s& cho hiéu biét siu sic vao van dé
thiét ké.

Xét hé 1 dau vao,1 dau ra c6 thé 12 lién tuc hay roi rac ¢6 phuong trinh:
B
) = X”(” (3.8)

voi u 1a tin higu diéu khién, y 1a ngd ra. Ki hiéu A, B 1a nhing da thuc theo
bién S hay Z. Gia sir bac cia A > bic cta B nghia 12 hé thng l1a hop thuc
(601 voi hé lién tuc) va nhan qua ddi véi hé roi rac. Gia st hé sb bac cao
nhét cua A 12 1.Tim bd diéu khién sao cho quan h¢ gitra tin hi¢u dat u. va tin
hi€éu ra mong mudn ym dugc cho boi :

3, = j—u o) (3.9)

v6i Am, Bm ciing 12 nhirng da thirc theo bién S hoic Z.
Luat diéu khién tong quét duoc cho boi :
Ru = Tuc — Sy (3.10)

voi R, S, T 1a cac da thurc. Luat diéu khién nay dugc xem nhu vira ¢ thanh
phan héi tiép am véi ham truyén —S/R va thanh phan nudi tién véi ham
truyén T/R. Xem hinh 3.4
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B diéu khién Qua trinh

I Ru = Tu. — Sy

\ 4

B
A

Hinh 3.4 H¢ vong kin véi b diéu khién tuyén tinh tong qudt

Khtr u ¢ 2 phuong trinh (3.8) va (3.10) dugc phuong trinh sau cho hé théng
vong kin :

(AR + BS)y = BTu, 3.11)

Pé dat dugc ddp tng vong kin mong mudn, thi AR + BS phai chia hét cho
An, cdc zero cua doi tugng, khi cho B =0, s€ 1a zero cia h¢ kin néu khong
bi khtr bsi cuc vong kin.

BGi vi cdc diém zero khong On dinh khong thé b khir nén ¢4 thé phan tich
thanh B = BB, trong d6 B* chira nhiing thanh phan c6 the khir di, B 1a
thanh phan con lai.

Theo phuong trinh (3.11) AR + BS 1a da thirc dic trung cia hé thong dugc
phan tich thanh ba thanh phan : khir zero ctia ddi tuong:B*; cuc mong mudn
cua md hinh dugc cho bdi Ap; cdc cuc ciia by quan st Ay. Vi thé :

AR + BS = B*AA,, (3.12)

goi la phurong trinh Diophantine ( hay la phwong trinh nhédn dang Benzout).
Vi B* ¢6 thé khir nén :

R = B'R, (3.13)
Chia phuong trinh (3.12) cho B* s& dugc:
AR, +B.S=AA, (3.14)

Vi yéu cau la phai giéng ddp tmg mong mudn nén tir s6 (3.11) phai chia hét
cho By, néu khong thi s€ khong c6 101 gidi cho bai toan thiét ké. Vi vay :

B, = B".B, (3.15)
T = AoB
Piéu kién dé dam bao ton tai 101 giai 1a :
bdc( Ag) = 2 bic(A) - bac( An) - bac(B) - 1
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bdc( Ay) - bdac (B,,) = bdc(A) - bdc(B)
Nhing diéu kién nay dugc cho trong phu luc A (TLTK[1]).
Gia sir tat ca cdc zero déu bi khir, khi d6 c6 thé viét (3.14) lai nhu sau :
AoAn = AR; + bpS
Nhan 2 vé cho y va ding thém phuong trinh (3.8) ta duoc :
ApAm.y = BRju + bySy
= bo(Ru + Sy) (3.16)

Cic thong sb ¢ vé trai da biét, vé phai chua biét. Pa thirc T ¢6 dugc tryuc tiép
tu phu’(mg trinh (3.15). C4c tham s6 mo hinh cua phu’O’ng trinh (3.16) bay
gid ¢6 thé dugc dung dé wéc luong cdc tham s6 chua biét cua bo diéu khlen
(chwong 3 TLTK[1]). Piéu nay dan dén h¢ MRAS tryc tiép. Loi giai tong
quét dugc trinh bay trong chuong 4 TLTK[1].

H¢ tuyén tinh tong quat
H¢ SISO dugc mo ta bdi phuong trinh sau:
Ay = Bu

Vi dac tinh hé théng mong muén dat dugc 1a:

ApYm = Buu,
Bo diéu khién:
Ru = Tu. - Sy (*)
H¢ vong kin dugc mo ta:
BT
TR - B
Thay y vao (*) ta tinh dugc:
AT
T AR + BS '€
Sai s6 la: €=y - Ym

BAy gid can phai xdc dinh céc dao ham riéng cua sai s6 ddi voi ting tham s6
hiéu chinh dé tim luat chinh dinh théng s6 cdc ham d¢ nhay.

Dat r;, s;, t; 1a cac hé s6 cua da thac R, S, T. Cdc ham d6 nhay duoc cho
boi:
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BT B, u.
AR + BS A,
BTAp*™ Bp*
%%:_—P 2MC:——p u l=],.,k
or, (AR + BS) AR + BS
Qe _ _ BTB™ B
3 (AR +BS) ¢~ AR + BS® i=0,..,
) Bp"™
LS — i =0,..m

— = u
of, AR + BS
Trong d6 k = bdc(R), | = bac(S), m = bdc(T).
Vé phai cdc phuong trinh trén con chira A, B la cac thong sO chua biét nén
khong tinh dugc cdc ham d nhay. Mot cach xap xi dé cé dugc ludt cap nhat
¢6 thuec t€ la:
AR + BS = AyA,B*

Suy ra cdc ham do nhay:

Tuong tu cho s; va t

Tuy nhién vé phai van con B 1a chua biét. Néu tit ca cic zero déu duoc
khtr, khi d6 ta c6 B™ = by. Néu dau cua by biét duoc thi ¢ thé thuc hién
duogc luat cap nhat thong s6. Thanh phan by c6 thé dugc bao gdm trong ca .
Nén c6 thé suy ra luat cap nhat hiéu chinh céc thong s6 nhu sau:

d ‘ k—i

7’7= WfA u i=1.., k=bdc(R)
! 0“"m

d ) 1—i

% = %,AIZA y i=0,..0 = bdc(S)

dt, p" . .

—4 = - U i=0,.,m =bac(T)

dt AA,
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Nhén xét:

- Cén phai xay dung 3 trang thai cua bg loc cho luat hi€u chinh trén.

0 m

- Su thay do6i c4c tham s0 nay ti 1€ véi tich sai sO e va tin hiéu bo loc
0“ " m

- D€ c6 duoc ludt diéu chinh cdc tham so6 trén can phdi gid sir cic zero phai
on dinh va dau cua by phai dugc biét.

- C6 thé tranh duoc gia str nay bang cich sir dung céc thudt toan phic tap
hon nhu udc luong trang thai...

e Tiéu chuin cuc tiéu hoa
- Luat MIT c¢6 thé duogc st dung cho cic ham ton that khéc.

- Luét hiéu chinh céc thams s c6 thé dat duoc bé‘mg cach tinh gradient
ham ton that doi véi cac tham so6 va su thay doi cac tham so phai nguoc
dau vé1 gradient.

- Phuong phdp nay cin biét cic tham sb ciia mo hinh dbi tuong dé tinh
todn do nhay. Tuy nhién diéu nay la khong c6 thuc va do do6 c6 the sir
dung phuong phdp xap xi hay bang cac bo udc lugng thong so.

Sai s0 va sy hoi tu tham so

He¢ thdng thich nghi sir dung mé hinh chudn dya vao ¥ tuéng 12 1am cho sai
sO e = y — y, tién tdi zero. Pi€u nay khong c6 nghia 1a cac tham so diéu
khién tién téi gid tri ding cta nd (vi du nhu truong hop tin hiéu = 0).

Vi du 3.3 Hoi tu sai s6

Gia str hé thong ¢6 so d6 nhu hinh 3.5:
Ngora:y=u

Luat diéu khién: u = Qu,

M0 hinh: y,, = Houc

Sai s6: e = Y=Ym = Gu, - Houc =(0- 00)uc

Luat hiéu chinh tham s theo phuong phdp gradient:
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-
dt 20
Lo1 giai cho phuong trinh vi phan ¢ trén la:

= —w’(0-6")

0(t) = 6° +[6(0) — 6°1e™ (*)
Trong do: I, = .[ot ul(t)dr
0 (0) 1a gi4 tri ban dau cua 6.

Va vi vay sai s6 e tr¢ thanh:

e(t) = u (1)[6(0) — 6°]e™
Do I, >0 nén khi t—eo thi e(t) —0 ngay ca khi tin hi¢u diéu khién u(t) — 0.

M5 hinh
Ym

\ 4

0°G(s)

0 Déi tugng

Uc u
AN

Hinh 3.5 M6 hinh héi tu sai s6

Gié tri gidi han cua 6 phu thudc vao tinh chit cua u.(t) (hdi tu hodc phan

ki) ( do O(t) tinh theo biéu thirc (*) ).

Vi dy trén cho biét dugc sai s6 e — 0 tuy nhién tham s 6 khong tién dén

gid tr1 ding cua nd. Day la tinh chat cta hé thong thich nghi st dung md

hinh chuin. Piéu kién chinh xdc dé hoi tu tham sd 12 tin hiéu kich thich
phai ludn ton tai.

G(s)

\ 4
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On dinh ciia vong diéu khién thich nghi

O vi du trén do bién thién tham sb 6 ti 18 v6i binh phuong tin hiéu diéu
khién u., Diéu nay hop 1f trong mot s6 trudng hop 1a khi tin hidu diéu khién
u. cang 1én thi cang dé phat hién gi4 tri bi sai cua 6.

Tuy nhién d6 thay d6i caa tham s6 diéu chinh phy thudc vao bién do cua tin
hiéu diéu khién c6 thé dan dén khong on dinh. Vi du sau day cho luat diéu
khién khong phu thudc vao ug:

Vidu 3.4
Gia str hé thong ¢6 md hinh & hinh 3.6:

4
D
[«]
v
aQ

M0 hinh Gy,

Hinh 3.6 H¢ thé'ng thich nghi mo hinh thqm chiéu cho viéc chinh dinh dé loi
nuoi tiéen
Vin dé 1a didu chinh © — 6 °. Gia sir ham truyén duoc cho boi:
1
s> + as + a,

G(s) =
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Saisb e=G(p) 0-6°)u,
Trong d6 p biéu thi cho phép 1dy dao ham. Vi viy:

3—2 = G(pu, = ;'g
Diéu chinh tham s theo luat MIT:
ﬁ:—y’e%:—y’ey—m:—yey V(')‘i}/ZL’
dt 00 6° " 6"

Hé thdng diéu khién thich nghi vi vay biéu dién duoc boi cdc phuong trinh
vi phan sau:

d* d

a’t);m + aq, 31);” + a,y, = ﬁouc (D

d’? d

7zy+a1?);+a2y=9uc (ID)
de

o —vey, ==Yy = ¥V, (II0I)

Phuong trinh (I) c6 thé giai dugc néu cho sdn ham u. , xem nhu bién y,, biét
trudc
Dao ham (II) ta duoc:

3 2
d 3) + a1d2y + azﬂ = ﬁuc + 9(t)duc
dt’ dt dt dt dt
Thay (III) vao ta dugc:
d’y d’y dy du
— + a,—= +a,— = — - u, + 6(t)—=
0 o 2 7Y = Y)Yl (1) "
2 duc
= -7y, Ou.@y@®) + yy,Ou, + 6(1) o
Suy ra:
d’y d’y dy du )
+ a + a,— + t Hny) = 6(t)— + t t

Pay 1a phuong trinh vi phan tuyén tinh bién thién theo thoi gian.
bé hicu dugc h¢ thong, ta thyc hién cach thir nhu sau:
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- Dau tién gia sir u, 12 hang s6 u’
- Ng6 ra md hinh khi d6 s& c6 gid tri can bang 1a y°.
Gia sir co ciu hi¢u chinh thich nghi dugc ndi vao khi dat dén diém can be:ing
(trang théi can bang). Khi d6 phuong trinh (II) ¢ trén s€ cé ciac h¢ s6 hang
va c6 101 gidi trang thai can bang la:
y(t) =y = 0% /a,
on dinh néu  a,a,> 'y’ = L(uf)z
a,
Luét hiéu chinh bé sung
Nhirng hiéu biét c6 dugc tir viéc tinh todn trong vi du 3.3 chi ra rang can
phai bo sung cho luat MIT. Luat MIT la phuong phap gradient co ban. Do
giam ¢6 duoc bang luat MIT duoc quyét dinh boi tham s6 v, sé nay 1a do
nguoi dung chon.
C6 thé dat dugc phuong phap gradient bo sung ma ti 1¢ hiéu chinh khong
phu thudc vao })ién do cua tin hi¢u (dat) yéu cau. Mot kha nang la 1am chuan
hod va thay thé luat MIT boi:
de
de _ Y

a7 (ae]T(ae]
a+ | —||—
00 00

Tham sb o, > 0 dugc dua vao dé tranh truong hop chia cho 0.

C6 thé nhan thay rang ti 1¢ hiéu chinh tham sé phu thudc vao bién do cua tin
hiéu yéu cau mot lugng nhdé bdi vi do nhi€u do luong.

Trinh tu giai quyét bai toan diéu khién thich nghi:

Dit van dé

Giai thuat

Thiét ké

Két qua md phong

Luat hiéu chinh bb sung
Diéu kién hoat dong 6n dinh
Két luan
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Mt s6 vi du minh hoa:
Vi du 3.5:

1. Dit van dé:

Xét mot qud trinh ¢6 ham truyén:
Y
G(s) = (s) _ b
U(s) s(s+1)

Trong d6: b: thong s thay ddi theo thoi gian.
Y(s): dau ra qud trinh
U(s): dau vao qué trinh
Can thiét ké bo diéu khién sao cho ham truyén dat ctia ddp ung vong kin hé
thong thé hién ham truyén dat mong muédn:

Y 1
Gm (S) = (S) = 2
U (s) s +s+1
Trong dé: Y (s): dau ra mong mudn

U.(s): dau vao hé théng

e Néu dung bj diéu khién kinh dién: o ‘
Gia su ta dung b diéu khién P kinh dién dé thyc hién yéu cau trén

Gis)
ﬁu uc Ty esue-y ){k u . S_{Shm ..I:|
Sine Miawve W
Process

Ganl5)

Ham truyén dat vong kin cta hé théng:
Y
G.(s) = (s) _ kG(s) - kb
' U.(s) 1+kG(s) s +s+kb
Ta chon hé sb ti 1& k dé G.(s) tién dén ham truyén dat mong mudn G,(s):
kb 1

G(s)=——— = G,(s)=
() s> +s+kb ()

Suy ra: kb = 1 hay k:%

S +s+1
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Biéu thirc trén chi ra rang dé hé thong dat dugc ham truyén dat mong mudn
thi hé s6 k cua bo diéu khién phai lién tuc dugc cap nhat theo thong s6 b cua
qué trinh. Néu diéu nay khong thoa man, by diéu khién s& khong lam tot
chic niang diéu khién cta né. Pidu ndy dugc minh hoa bang két qua md
phong bo diéu khién P trén voi hé sé ti 16 k = 0.2:

10 . . . . .

---- Dau ra mong muon
—— Dau ra he thong

0 50 100 150 200 250 300 350 400
k=0.2, b =5, sai so binh phuong trung binh = 0

- Dau ra mong rmuon
—— Dau ra he thong

_1D 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
k=0.2, b =1, s6 binh phuwong trung binh = 0.6758
10 . . . .
---- Daura mong muon
c —— Dau ra he thong

_1 El 1 1 1 1 1 1 1
0 a0 100 150 200 250 300 350 400

k=0.2, b =0.5, s6 binh phwong trung binh = 2.7388

e Nhu viy, bo diéu khién kinh dién khong thé ty cap nhat hé so ti 1¢ k
theo théng sb b cua qud trinh. Do d6 khong thé sir dung dé diéu khién
qué trinh dugc. Vén dé dat ra 12 thiét ké mot bd diéu khién sao cho né
c6 thé thich nghi v6i qué trinh khi théng s6 b thay doi theo thoi gian
trong mot khoang tuong ddi rong. B diéu khién thich nghi mé hinh
tham chiéu (MRAS) c6 thé giai quyét bai todn nay.
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Phuong phép thiét ké duoc chon 12 phwong phép tiép cin Gradient.

k Cd ciu
hiéu chinh
K

uc

u = k(ue -y) »| G(s)= 3
L s(s+1)
l;/@ diéu khién Qua tonh

Qud trinh mong mudn

So dé khéi tong qudt ciia hé thong véi bo diéu khién thich nghi

2. Giai thuat:
Ham truyén dat vong hé cua qua trinh:
Y(s) b

= = 2.1
O = e serD) —
S (s* +5)Y(s)=bU(s)
= (p2 +p)y=bu 2.2)

Trong d6 p 1a todn tir vi phan %
Luét diéu khién:
u= k(uc - y) (2.3)
Thay (2.3) vao (2.2) ta dugc:
= (p*+p)y=bk(u ~y)
s (p2 +p+ bk) y = bku, 2.4)
B bk
Sai s6 ctia hé thong vong kin:
e=y-y, , (26
Tu phuong trinh (2.5) suy ra d nhay cua sai so6 theo h¢ so6 ti 1€ k:
de dy b(p’+p+bk)-b’k
ok ok (p* + p+bk)’ e

& (2.5)
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2
de_ b Hp) 2.7
ok (p°+ p+bk)

Do do, theo MIT, luat cap nhat hé sdtilekco dang:
dk de b(p* +p)
—=—Y'e—=-y'(y— u, 2.8
A At y’"){(pz s prbky | &Y
Phuopg trinh (2.8) khong thé sf; dung truc tiép dé cap nhat h§ sb ti 16 k cua
b di€u khién dugc do thong s6 b cua qua trinh la khong biét dugc. Do d6
phai s dung phép xap xi d¢é loai bo di thong sO chura biét nay.
Ham truyén dat mong mudn cua hé théng vong kin:

Gm(s)zy’"(s)z : 1
U.(s) s +s+1

& (SHs+)Y,(5)=U.(s)

& (P +p+l)y, =u, (2.9)
P — (2.10)
p +p+l1

Khi ham truyén dat caa hé théng dat tdi ham truyén dat mong muén thi
phuong trinh (2.4) s€ dat téi phuong trinh mong muon (2.9):

(p2+p+bk)y=bkuc = (p2+p+1)ym=uc
Hay: bk =1. Do d6 phuong trinh (2.8) c6 thé xap xi:
dk . b(p*> + p)
C—y(y—y)| ST, @2.11)
dt (p"+p+)
Hon nita, dat ¥ = y'b, mot lan nira phwong trinh (2.11) ¢6 thé xap xi:
dk pi+p
- — ———u, 2.12

Phuong trinh (2.12) da loai bo thong s0 b qua 2 phép xap xi do d6 c6 thé st
dung dé cap nhat hé s6 ti 1¢ k ctia bo diéu khién.

Mot cau hoi dat ra 1a 2 phép xap xi nay anh huong nhu thé nao toi
chat luong didu khlen Nhu da biét, ham truyén dat vong kin cua hé thong
chi c6 thé hoi tu vé ham truyén dat vong kin mong mudn khi thong s6 ¥

duoc chon di nho. Phép xdp xi 7= y'b dd gdp thong sb b thay dodi theo thoi
gian vao ¥, hay néi cich khic ¥ ciing tro thanh thay ddi theo thoi gian.
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¥ tuong trung cho tbc do hoi tu vé ham truyén dat vong kin mong
mudn cua hé théng (tbc d6 thich nghi). Do d6, néu ¥ nhé (khi thong sd b
nho), hé théng s& hoi tu cham. Néu y 16n (khi théng s6 b 16n), tinh on dinh
ctia h¢ thong s& khong dugc bao dam va hé thong s& khong diéu khién dugc.

Nhu vay, bo diéu khién chi c6 thé thich nghi khi thong s b ctia qud trinh
thay d6i trong mot giéi han cho phép.

Phép xap xi bk =1 khong anh huong dang ke dén chat luong diéu
khién vi mot khi hé thong vong kin tién dén ham truyén dat mong mudn thi
phép xap xi nay ciing tién dén mot phép toan chinh xéc.

N6i tém lai, tinh 6n dinh cta hé théng phu thudc nhiéu vao thong s6
b ctia qua trinh. Viéc Iya chon thong s6 ' ciia bo didu khién thich nghi phai
can ctr vao tam thay ddi ciia thong s6 b khi hé thong hoat dong.

3. Thiét ké:

1 ym
S
sZegeq
Mocdel
uc L—
K ym
¥
K Adjustment
mechanism
k
innnuH b___ ¥
ol i u s(s+ 1)
uc —
Process
Regulator

Clde khdi chink ciia g didu hién
Trong dé:
¢ Khoi Process: qué trinh can di¢u khién
Y(s b
U(s) s(s+1)

e Khéi Model: ham truyén dat mong mudn cia hé théng vong kin

Gm(s)zYm(s): : 1
U.(s) s +s+1
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e Khdi Regulator: luit diéu khién

u=k(u,—y)
: x
) ;
ui
Froduct

° th;i Adjustment mechanism: 1a khdi quan trong nhét cua bd dié}l
khién thich nghi, c6 chitc nang hi€u chinh hé so ti 1€ k cua khoi
Regulator theo luat cap nhat thong s6 MIT

dk 24

dt (p>+p+1)°
dk p2 +p
Suy ra: — == — u.
Y dt 7(y ym){p4+2p3+3p2+2p+1 }
Tw
oo 24422343224 2541

Transfer Fon

¥

[ 1 El
* e )

4. Két qua mé phéng:

Gia st tdm thay d6i ctia b 1a [0.1+10], téc d6 hoi tu y'=0.1, tin
hiéu kich thich u, 12 xung vudng ludng cuc c6 bién d6 +1 va tan s6 0.01Hz:

Tin hiéu kich thich dau vao va ddp vng dau ra mong muon
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Output

Qutput

DAP UNG WAD RA MONG MUCH

100 300 400 G000

300
Time [=]

400 G000

Diép tng dau ra hé thong khi thong sb b thay doi:

KET QUA MO PHONG

KET QUA MO PHONG

Output

-- Dau ra rmong muon
—— Dau ra he thong

---- Dau ra mong muan
—— Dau ra he thong

L L L
160 2UIU 360 100 200 300

400 500 B00 400 500 600
Tirme [s] Time [g]
KET QUA MO PHONG KET QUA MO PHONG
T T T 15 T T T

Output
=)

-- Dau ra mong muan
—— Dau ra he thong

-- Dau ra rmong muon
—— Dau ra he thong

I
300
Tirne [s]

b=5

! L
100 200 400 500

600

L
100

L
200

L
300

Time [g]

b=10

400 s00 B00
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Nhéan xét:

Khi b nho thi hé théng chdm hdi tu vé mo hinh mong mudn, khi b
cang l6n thi tbc do hoi tu cang tang 1én (Nhu da phan tich & myc 2).

Tuy nhién khi b ting dén mot mic nao d6 hé thdng s& bi mat tinh 6n
dinh. biéu nay s€ dugc dé cap ¢ muyc 6.

5. Luét hi¢u chinh bé sung: ,
Thay (2.5) va (2.10) vao luat hi¢u chinh thong s6 (2.12) & muc 1 ta duogc:

2

%:—y[ ok ] j{ PP z}tcz 5.1)

dt p +p+bk p +p+1)|(p"+p+])
Phuong trinh (2.13) cho thiy tdc d6 hoi tu ctia k phu thudc vao binh phuong
bién d6 cta tin hiéu vao u.. DAy Ia hiéu tng khong mong mudn. Diéu nay c6
thé minh hoa qua viéc diéu khién hé thong vdi tin hiéu kich thich dau vao u,
1a xung vudng ludng cuc c6 bién do thay ddi trong khoang [0.1 + 6], tan
s6 7'=0.01Hz va théng s6 cia qué trinh khong ddi b = 5:

KET QUA MO PHONG

015 T T T T T
: E : i.
DA ey Hoeeey emees hese oo
AL T T
5 | |
E] : :
O nost ! : .
0.1 k----- E:h LU v ............. -
i ! { ] {
0151 1
- Dau ra rmong rmuon
o ) ) ) — Dau ra he thang
a 100 200 300 400 500 B00
Time [5]
Dadp vung dau ra hé thong khi uc = 10.1
KET QUA MO PHONG KET QUA MO PHONG

3 100

50

Qutput
o

Output
o

-0

--- Dau ra mong muon ---- Dau ra mong muon

X . . —— Dau ra he thong 40 . . ) —— Dau ra he thong

0 100 200 300 400 500 E00 1} 100 200 300 400 500 B00
Time [s] Tirme [s]

Pdp vmg dau ra hé thong khi uc = +2 va uc = +6
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Nhin xét: Khi tin hiéu vao c6 bién do nho, tdc do hoi tu cia hé thong rat
cham, khi bién d¢ vao ting 1én, tbc do hoi ty ciing ting 1én (theo ti 1€ binh
phuong) tuong trng. Khi bién do vao dat dén 6 thi hé thong gan nhu khong
6n dinh nita va xuat hién cic xung vot 16 khong khong ché duogc. RS rang
diéu nay da han ché rat 16n tdm diéu khién ctia hé thong. Nhuoc diém nay
c6 thé khac phuc duge bang luat hiéu chinh théng s6 bo sung:

dk _
dt

de
e €
ok

() (5

e
ok

c— T
(5)
a+| -
ok

(5.2)

Trong d6: & 12 mét s6 duong nho tiy ¥ (chon a = 0.00001) dwa vao dé

tranh cho miu s6 cta phuong trinh (5.2) bang 0 va:
p’+p
(p*+p+D)’

2 _

ok

P +p

p +2p +3p +2p+1 "

Tir phuong trinh (5.2), khéi Adjustment mechanism thiét ké lai nhu sau:

sieg
den(z)

uc

defdk

Transfer Fon

s
¥

wm

i) | %

w2

h 4
4

-gamma'

b -e*gamma

¥

okt 1
D

k

Két qua md phong khi u. thay doi véi luat hiéu chinh thong s6 bo sung:

KET QUA MO PHONG

KET QUA MO PHONG

Qutput

---- Dau ra mong muan 1
—— Dau ra he thong

L L
100 200

n
300
Time [5]

400 500 500

Output

3

-- Dau ra mang muan

—— Dau ra he thong

a

L
100

.
200 T 400 500 600
Time [s]

Pdp img dau ra hé thong khi uc = 0.1 va uc = +2
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KET QUA MO PHONG KET QUA MO PHONG

Output
s o @

L -

Qutput
o

--- Dau ra mong muon
—— Dau ra he thong

s I s0f
I “ ---- Dau ra mong muon
8 H —— Daura he thong 80

] 100 20 300 400 E E00 E 100 200 30 40 500 B0
Tirne [5] Time [2]

Pdp g dau ra hé thong khi uc = +6 va uc = +50

Nhén xét:

R& rang khi ¢6 luat hiéu chinh thong sé bo sung di cho két qua tot
va 6n dinh hon han. Téc d6 hdi tu vé mo hinh mong muén cia hé théng hau
nhu khong con phu thudc vao bién do tin hiéu vao. Két qua 1a vé mat Iy
thuyét tam diéu khién ctia hé thong c6 thé mo rong dén bat ky gid tri u, nao.

6. Diéu kién hoat dong 6n dinh:

C6 3 yéu t6 anh hudng dén tinh 6n dinh ciia hé théng d6 1a:
> Bién do tin hiéu u. (khic phuc bang luat hiéu chinh thong sd)
> Tbc d6 hoi tu that sy ¥
> Nhiéu tic dong vao hé thong

a. Giéi han cia tichsbé y=y'b:
Néu y qué 16n c6 thé 1am hé théng mat on dinh. Do dé6, viéc lya chon ¥’
tiy thudc vao tam thay doi ciia b sao choy = y'b van con dii nho khi b dat
dén gid tri cuc dai. Gi?l st hé thf)ng lghéng chiu su ,téc dong cia nhiéu, chon
7'=1 va cho thdong s0 b tang dan, dén khi b dat dén gia tri by = 2.5 thi hé
thong bat diu mat 6n dinh hay néi cich khéc, khi:
y=y'b<25%¥08=2=y (0.8 12 hé s6 an toan) (6.1)

thi hé thdng van hoat dong 6n dinh trong trudng hop khong c¢6 nhiéu.

Duya vao (6.1) ta ¢6 thé chon tdc do hoi tu ' thich hop véi su thay

d6i cua théng s6 qua trinh. Chang han néu biét duoc khi van hanh, théng s6
e . : 2 :

b cua qud trinh dat gia tri cyc dai b, =50 c6 thé chon y'= b_ =0.04 de

max

dam bao tinh 6n dinh cua viéc diéu khién.

Trang 285



Chuong 3 Diéu khién thich nghi

KET QUA MO PHONG

KET QUA MO PHONG

Output
I - - -

-- Dau ra maong muon
—— Dau ra he thong

Output
o

--- Dau ra mang muon
—— Dau ra he thong

h n .
1} 100 200 300
Time [s]

400

500 800 0 100 200 300 400 500 600
Time [s]

Pdp vimg dau ra hé thong khi b = 1 va byax = 50 y' = 0.04

b. Hé thong chiu tic dong ciia nhiéu:

That khé dé dua ra mot ude luong chinh xdc dé ddnh gid tic dong cta nhidu
dbi véi tinh 6n dinh cta hé théng. Mot cach twong ddi, khi toc d6 hoi tu ¥’
cang nho thi hé thdng cang bén vimng voi nhifu (va yéu té danh doi 1a hé
théng cham hoi tu vé ham truyén mong muén). Do d6, khi ¢6 nhiéu tc dong
vao hé thong, chi c6 thé chon y' bang cach thir - sai: cho théng s6 b dat gid

tri bmax VA ting dan ¥' dén gid tri ' (khi hé thong dat dén bién gi6i on
dinh). Néu chon y'<0.8y'  s€dam bdo tinh on dinh cua hé théng.

Gia str nhiu tdc dong vao hé thong c6 ky vong = 0.5 va phuong sai
=0.05, hé théng khi hoat dong c6 byax = 10, tin hi€u kich thich dau vao U, la
xung vudng ludng cuc bién do 20, tan sd 0.01Hz. Can xdc dinh gid tri
y' .. ctia bo diéu khién thich nghi sao cho hé thong van 6n dinh.

e H¢ thong chiu tdc dong cuia nhiéu dau vao:

60 T

KET QUA MO PHOMG

40+

b p—

Cutput
o

S -

20 feb—

- Dau ra mong muan
—— Dau ra he thang

0 100

200 300 400 a00 GO0
Time [s]

¥ =0.005

max
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e H¢ thong chiu tic dong cuia nhieu dau ra:
KET QUA MO PHONG
40 T T T T

a0r

I

Output

SR

-- Dau ra maong muan
) ) ) —— Daura he thong

] 100 200 300 400 a00 600
Titne [s]

V' = 0.002

e Hg¢ thong chiu tic dong cua nhiéu do luong:
KET QUA MO PHONG
a0 T T T T
-
3 L
---- Dau ra mong muan
50 ) ) ) —— Daura he thong
o 100 200 300 400 400 600
Time [s]
' —_—
Y =0.0025
H¢ thong chiu tdc dong cta nhi¢u dau vao, nhicu dau ra va nhiéu do luong:
KET QLA MO PHONG
50 T T T T T
- Dau ra mong muon
—— Dau ra he thong
=]
_SD 1 1 1 1 L

] 100 200 300 400 500 600
Time [s]
' —_—

y'  =0.0008
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7. Kétluan:

B0 diéu khién thich nghi mé hinh tham chiéu (MRAS) véi phuong phap tiép
can gradient c6 thé giai quyét tét van dé diéu khién hé théng khi thong sb hé
thong thay doi. Hon ntra, voi luat hiéu chinh thong 56 b sung thay thé cho
luat hiéu chinh thong s& MIT c6 thé nang cao hon nita tinh 6n dinh va tim
diéu khién cta hé théng. Tuy bo diéu khién 1a thich nghi nhung tinh thich
nghi chi ¢6 thé thoa min trong mot diéu kién l1am vige gioi han, phai chap
nhan d4nh ddi gilta tinh 6n dinh cua hé thong véi téc do hoi tu vé gid tri
ding cua thong sb can diéu khién.

Vidu3.6:
1. bat van deé:
Cho hé thong:
G(s) = I _B Véi a 1a thong s6 chua biét. (1)

s(s+a) A
X4c dinh b diéu khién c6 thé cho hé théng vong kin sau:

2
[0 B
G,(s)= =—= (2)

s’ +2cas+ @ A
Xéc dinh cac bd diéu kién thich nghi md hinh mau dua trén phuong phap
gradient va ly thuyét 6n dinh.

m

2. Giai thuat:

Luat diéu khién tuyén tinh c6 dang: Ru =Tu, — Sy (3)
&, i >
—., B
Ru=Tu, -5 > Z >
> A

voi R, S,T 1a cac da thuc. Co thé vé lai nhu sau:

] + & ¥

¥
i |
¥

1
R
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B A
Tacé: y= MZ =u= yE Thay u vao (3), ta duogc:

Ta c6:

(AR+BS)y = BTu,
B=B'B™ =1 =B =B =1

4

DPé c6 hé théng vong kin nhu mong mudn thi (AR+ BS)phai chia hét

cho A, da thiic nay phai chta A, B* va c6 bac 16n hon bang bac cia A, B*.

Phuong trinh Diophantine:

Ta chon:

{

i

—

AR+BS=B"A/A, (5)
Véi R = B*R, . Khit B" trong (5) ta duoc:
AR +B S=A,A, (6)
s(s+a)R, +S =A,(s* +2cws + @)
R, =1=>R=B'R =1
A, =1
S =s,5+ @
=sitas+s,s+ @ =57 +26a5+ @0 = a+s, =260
Dé (4) c6 dang (2) thi:
B,=B B, =&’
T=A,B,
Véi: B” =1 =B =0 vaT=AB, =&
Nhu vy, ta c6 bd di€u khién tuyén tinh nhu sau:
+ o 3 ¥
a® > 1 *
Sp&+ @’

Luat diéu khién c6 dang:

u=w’u, —(s,5+ @)y

Phuong trinh cua hé¢ kin:

(AR+BS)y=BTu, = (s’ +as+s,s + @)y =@’u,
2
(/)

s’ +(a+s,)s+ @’

=y=

c
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Thiét ké theo mo hinh cé dién:

g
sE42 2skg
Tiansar T4ni

L 4

T

T ol ]
-
e .
—_— Ll
Fulse Trimgter Fen
Terealo Flaating
Seope
a0 Logrwatiip [1E3
-5 — =
'._{\-\-P & drat L Ll
Tandant -
LR

_447

Néu tham sb a cua hé théng duoc biét trude, ta c6 thé tinh duge s, theo

cong thuce sau: s, =2¢w—a.

Vidua=2, va gia str hé thdng mong mudn c6 ¢ =0,7 va @ =2
=5, =2¢60-a=0..8

Véia=2

10
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Nhén xét:

Khia =2, s, =0.8: bo diéu khién cho d4p tng hé théng diing nhur yéu cau.
Nhung trong thyuc té thdng sd a thay doi theo thoi gian, 1am cho b diéu
khién khong cho két qua nhu mong mudn (v6i a = 0.2, hé thdng bi dao dong
va voi a =20, hé thong khong ddp ung kip).

Nhu vay, bo diéu khién tuyén tinh c6 dién khong thé tu cap nhat hé
sO s, theo thong sO a cia hé théng nén khéng thé sir dung dé diéu khién qua
trinh ¢6 thong s thay ddi theo thoi gian.

B diéu khién thich nghi s& giai quyét duoc bai todn nay. O day ta
xem xét bo diéu khién thich nghi mé hinh tham chiéu (MRAS).

3. Thiét ké:
H¢ thong thich nghi mo6 hinh tham chieu

L 3

8 hinh Fm

Cac théng s6 b didu khidn !

Co chu hidy .
> chinh
UC ¥
»  B5didu B « Y
- »  Ddituon »
> khidn HE

Trong h¢ thong, co cau hiéu chinh s& thay d6i cdc thong s6 cia b didu
khién sao cho ngd ra y ctia doi twgng giong v6i ngd ra ym cua mo hinh.
Ta sir dung phwong phap gradient d¢ xay dung luét cap nhat thong s6 cho
co ciu hiéu chinh.
Dinh nghia sai s:
€=y~ Vu
Ta phai thay dbi théng s6 ctia bd diéu khién sao cho sai s6 e nay vé 0.
Xét chuan:
1
J(0) 5 e
Dé 1am cho J nhé thi chiéu thay d6i ctia théng s6 12 chiéu 4m gia sé cua J,
nhu sau:
deo oJ de
. =y = _7,9_
dt 20 00
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Vi hé da cho, ta cé:
de -w’s -5
a_ 1> P U. =— 2
So [s +(a+s0)s+a)] s*+(ats,)s+
Khi ham truyén dat ctia h¢ thong dat toi ham truyén dat mong mudn thi:
s? +(a+s0)s+a)2 =~ s’ +2ga19+a)2

hay a+s, =2¢0= s, =2¢0—a
de -

Do de: E_s2+2gazs+w2y
Suy ra:
ds, __ de _ s
dr }easo_}es2+2gazs+a)2y

Tuong tu vi du 3.5, tinh 6n dinh hay khong ctia hé thdng phu thudc nhiéu
vao thong s6 a cua qud trinh. Viéc lya chon thong s6 ¥ cua bo diéu khién
thich nghi phai cin clr vao tim thay ddi cia thong s6 a khi hé thdng hoat
dong.

4. Két qua mé phong:

Thiét ké theo mé hinh thich nghi

e > 4
sie Ced
Tianste) Fond =
+
M
u 1
—bIj\ - . i
e

Flaating

w2 Tranzfec Fen - g
cope

Fulre

Senerator

5 Eeaduet] Crerivative

=
Jusdl

Constant A

Integiaton Transter Fenz
Frisduid

Hamma

5

# ‘_| sz Boeq
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Két qua mé phéng thu dwoc:
Véi y=0.1,a=2:

5. Két luan:

B diéu khién thich nghi chi cho két qua tét trong mot didu kién lam
viéc gi6i han, phai chdp nhan danh ddi giira tinh 6n dinh cta hé théng véi
tde d06 hoi tu vé gid tri ddng cua thong s6 can diéu khién.

Vidu3.7:
1. bat van de:
Hé thdng da cho c6 dang:

B b.
y=E = R (1)
A (s+a)s+p)
Thiét ké bo diéu khién sao cho hé théng mong mudhn :
B
v, =—"u, = o u 2)

s+2Elws+ @t ¢

2. Giai thuit:
Ta c6 théa diéu kién :
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bac (A) =bac (A )

Bic (B) =bac (B )

Bac (A,) =bac (A) -badc B") -1 =2-0-1=1

Viy ta chon: Ap(s)=s+ag

C4u triic bd diéu khién theo phuong phap dit cuc c6 dang:

R.au=T.uu. - S.y (3)
Khi d6 phuong trinh PT Diophantine c6 dang:
AR +B.S=A.A 4
Trong do6 ta c6: A= (s+a)(s+p) B=b.q
A, =s’+2¢0s+@° B, =&
Va chon cic da thitc: R(s)=s+1, A(s)=s+a,
S(s)=s5,.5+s, T(s)=t,

Khi dé6 (4) s€ la:
(s+a)s+p)s+r)+b.q.(s,s+s,)= (s* + 2L.m.5+ @) (s+ a,) (5)

& sSS+(n+pra)s’+(pr+ar+ap+bgs)).s+a.pr,+bg.s =

4 (a,+ 2.§.a)).s2 +2Lwa,+ a)2).s + wz.ao

Ddng nhat thirc 2 v& theo s°, s%, s'. s° ta dugc:

(n+p+a)=(a,+2L.0)
& (pr+ar+a.p+bg.s)=Q2EEwa,+ @)

a.p.r, +b.q.s, =@ .a,
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rl=2¢4w+a,—a—p

280’ —(ay-p-a)+ @ +d’+ap+p’—(p+a)a,
b.q

_ay@’ -2, wa.p-aa,p+a’.p+ap’

=135

1

b.q

Mit khac ta ¢6 da thuc:

B @ (s + o @
T:AO m 3T(S)=M=—,S+—a0
B b.q b.q b.q
Ma: T(s)=t,.s+t,
2 2
N . a .
Dbong nhat thic ta c6: fy=—o ; t = %o
b.q b.q

Thay R, T va S vao (3) ta dudc bo diéu khién cta hé thdng c6 dang:
(s+r)u(s)=tyu,.(s)—(s,.s+s).y(s)

< su(s)+ru(s)=t,u.(s)—s,.5.y(s)—s,.y(s)

du d
(:>—+r1.u=t0.uc—s1.y—s0.—y (6)
dt dt
C6 4 thong s6 ma ta cin xdc dinh 1y, to, So, s; ma ta cin xdc dinh
Vi tham s6 p di bi€t nén ta chon da thic:
A(s)=s+p
Va thay s = -p vao phudng trinh (5) ta s€ c6
—S,.p+s, =0
=5, = p.s,
Trong trudng hgp nay ta c6 tinh s, khi bi€t ty, s, va ry. tuy nhién tham s&
q da bi€t thudng xuit hién véi tham s& khong biét b

Vi ap = p tir phuong trinh (5) ta c6
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(s+a)s+r)+b.qs,=s"+2.Lws+ @&

Taco:
A '(s)=s+a
S'(s) =so
T =t

Ta c6 hé théng vong kin duge mo ta béi
BT’

= U,
YT AR+BS

Thay y vao (3) ta tinh dugc:

S.BT
T—f I/tc \
AR +B.S AT
u = = - -.U
R AR +BS ¢
3. Thiét ké:
Saisd 1a: e =y - ym

BAy gid can phai xdc dinh cdc dao ham riéng clia sai s& ddi vdi tirng tham
s6 hiéu chinh d€ tim luat chinh dinh thong s cdc haim do nhay.

Thay y va yn, vao cong thiic e =y — y,, va tinh dao ham riéng theo ting
bién t,, S, I'y ta S& CO.

% __ B B

ot, AR+BS ° A °

de BT'B B B

= — ; ; z.uc = S, y=—-——Y

ds, (AR+B.S’) A'R+B.S A
de A'BT A A A" B B
—=- SU, =—— S y=——y=——.—u=-
o (AR+BS') A'R+B.S A, A A A (s+p)
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Vay ta c6 luat hiéu chinh MIT rule nhvu sau :

a’r1 _ 1
— 1= 7/ — U |.e
dt (s+p).Ay,
ds 1
d_0: Y\ | (7)
l m
di, 7( L } .
—_— - . _- C o
dt Ay
S¢ do khoi hé théng
M Hinh
CDQ }"m
S+2fo5+ @
Tham 56 Hiéu Chtgny  CO C4u Chink Bink
' e
11. to. 50.51 LT rule
-~ +
1
" au . _ bg 7
. RU=Iypl, — 5. SDE » s+a's+p! >
B Bidu Chinh B Tudng

4. Két qua mo phoéng:
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oooo
L)

Signal
Generator

y_model
gl |
Soope 1 To Wokspace 1
e Hinh
Tham Chizu
v_plant ;. o : 2
u_dot u g:
b Add |
Integratar
Dai Tuong
Digu Khign
; <[]
o
» Scope 2
CocCay o

Random
Humber

Chinh Dinh

Scope 3

To Wokspace 2

Sd d8 khél mé phdng hé théng theo lugt WIT

Trong d6 kh6i md hinh tham chi€u c6 dang sau:

omegatomega

Uc

5242 sPomegas+omegaTomena

G

Khéi cd cau hiéu chinh ¢ dang sau:

3

1

52+2"si"omegas+omega"omega

Transter Fen 4

g

1

-

-’

1

sHp
Transfer Fen 2

52+2"si"omegas+omega"ornega

Transfer Fen 2

3

1

52+2"si"omegas+omega"ornega

Transter Fen &

Product3 sain 3

Yy

- 1
R =
r
Froduct 1 @ain 1 Integrator 1
- 1
w F e <
=
Frodut2  Gainz  Integratorz
i =1
o Gain 4
Ll I 1
N

Integrator 3
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N d 2
Khoi bd dieu khién c6 dang sau:

-

K

u_dot

Froduct <

Khéi ddi tugng diéu khién c6 dang sau:

—»

-

w_Z2dot
—-..

il
=

Add

yw_dot

il
=

Integratar 4

Integrator 2

y_dot

*Truong hgp khong cé nhiéu:

Chon cic tham s diéu chinh nhu sau:

Chon Ts = 3s,£=0.707, y=1, o=

Chon p=2vaqg=(3/2)*p

4
(Ts*&)

— Chon a,b thay d6i theo ty 16 b=3%*a véi a=1

Khi d6 ta c6 két qua mo6 phdng nhu sau:
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Input

LN i S O e A FE = ]
. 1 . ; . . ' Ii-uc

Mit Rule for y=1 and Amplitude = + 1
Nhan Xét:
+Trong trudng hop bién dd bing * 1 thi ludt MIT cho két qua tuong doi
tot .Sai sd gifta ngd ra clia d6i tugng va ctia md hinh chuén ti€n dén Zero.

Chon cédc tham s6 diéu chinh nhu sau:

— ChonTs=3s,£=0.707, y=1, w=
: 3 /4 T578)

— Chonp=2vaq=@3/2)*p
— Chon a,b thay d6i theo ty 16 b=3%*a véi a=1

Khi d6 ta c6 két qua md phdng nhu sau:
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Input

g T T T T T = ]
. 1 . ; . . ' Ii-uc

0 A T NN TN AN S S N S
0

Mit Rule for y=1 and Amplitude = £0.1
Nhan Xét:
Trong trudng hgp bién dd bing +0.1 thi ludt MIT cho két qua khong tot,
phu thudc vao bién do ciia tin hiéu (dit) yéu ciu. Sai s6 gifta ngd ra clia
d6i tugng va ctia mo hinh chuin khong ti€n dén Zero.
*Trudng hgp cé nhiéu:

Chon cédc tham s6 diéu chinh nhu sau:

— Chon Mean =0.01, Var=0.5

Chon Ts = 3s,£=0.707, y=1, o=

(Ts*$)
— Chonp=2vaq=(3/2)*p
— Chon a,b thay d6i theo ty 16 b=3%*a véi a=1

Khi d6 ta c6 két qui mo6 phdng nhu sau:
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1177

0 10 20 30 40 a0 [=in] 70 g0 90 100

Mit Rule for y=1 and Amplitude = + 1

Nhan Xét:

+Trong trudng hdp c6 nhiéu thi ludt MIT bi 4nh hudng cla nhiéu va
n6 khong thé loai dudc nhiéu.

+Thong s6 ¥ xéc dinh tdc do thich.

+Luat MIT c6 thé thuc hién t6t né€u dd 1gi thich nghi ¥ 13 nhé. Po 16n
y tily thudc vio bién do clia tin hiéu chuidn va d6 1gi clia d6i tudng.

+P0 gidm c6 dugc bing luat MIT dudc quyét dinh bdi tham s§ ¥, sO
nay do ngudi dung chon.

5. Luit hiéu chinh b6 sung:
Ta co:

de
d6’__ %

dr re. [86 jT [aej
+ — | | =
06 00

Vi cédc thong s6 chinh dinh 1 1y, s, v ty ta s& c6 MIT b6 sung nhu sau:
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de B y
dr, . or, e A (s+p)
o =T - =7e. .
de de A A
a+| — | | — +—u| | —u
ar, ar, A, .(s+p) A, .(s+p)
de B
d s, A"
SO =—Ye SO =YVe m (8)
=T > =7e. .
de de B B
a+| — | | =— a+| —.y| | —.y
as, os, A, A,
de B
— —.u,
dt, o, 3 A,
E =—Ye. T =—Ye. T
de de B B
o+ — | | =— a+|—uw, | | —u,
ot, ) \ ot, A, A,
plue ym w_model hLl:ﬁ L
" L Seope 1 To Wortspace 1 ch
It
Mo Hinh el
Tham Chieu =
P={r1
u_dat |+
D(;:I(;:ID - -y
- y_plant | ;7 = : 2 51
Ganerator u‘—mblz} e o i Add : :D-dm
esrser Doi Tuang L Bo Dieu Khien
Dieu Khien z =
»> =0 > 1
v 10
- =1 Seope 2
|
4’@ CEii:i)Lilnh
Random Scope 2 To Wakspace 2
Mumber

Sd d@d khdi m6 phdng hé thong theo luat MIT sita d6i

Trong d6 kh6i md hinh tham chi€u c6 dang sau:

omegatomega

LiC

524 2% Dmegas+oMmegatomena

WM

m
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Khéi cd cau hiéu chinh ¢ dang sau:

b*q

52+2*si*omegas+omega*omega

Transfer Fen 1

b*q

92+2*si*omegas+omega*omega

Transfer Fon 3

b*q

92+2*si*omegas+omega*omega

Transfer Fon 4

Constant 2

N i 2
Khoi bd dieu khién c6 dang sau:

(7™,

Product &

h 4

Y

b4

h 4

Product 4

Khéi ddi tugng diéu khién c6 dang sau:

¥

y_Zdot

u_dot

Add

y_dot -

%ain 3 Integrator3

= - —
3

Integrator 1

Add

- —
3

Integrator 2

y_dot
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K&t qua md phéng theo ludt MIT sia doi

*Truong hgp khong cé nhiéu:

Chon cic tham s diéu chinh nhu sau:

Chon Ts = 3s,£=0.707, y=1, o= a=

4
(Ts*&)’
— Chonp=2,q=(3/2)*p
— Chon a,b thay d6i theo ty 16 b=3%*a véi a=1

Khi d6 ta c6 két qua mo6 phdng nhu sau:

Input

LN i S O e A FE = ]
. 1 . ; . . ' Ii-uc

Modified Mit Rule for y=1 and Amplitude = + 1
Nhin Xét:
Trong trudng hgp bién d6 bing + 1 thi ludt MIT bé sung cho két qua
tuong doi tot. Sai sO gilta ngd ra clia ddi tugng va clia md hinh chuin ti€n
dén Zero.
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Chon cédc tham s6 diéu chinh nhu sau:

— ChonTs=3s,£=0.707, y=1, w= , =0.01

4
(Ts*&)
— Chonp=2,q=32)*p
— Chon a,b thay d6i theo ty 16 b=3%*a véi a=1
Khi do6 ta c6 két qud mo6 phdng nhu sau:

Input
0.1 — =

n— . r . 1 1 Jr i g nr I 1. I
H . H . . H . . ;

Modified Mit Rule for y=1 and Amplitude = £0.1
Nhan Xét:
Trong trudng hgp bién do bing + 1 thi luat MIT bd sung cho két qua
tuong doi tdt, khong phu thudc vao bién dd clia tin hidu (dit) yéu cau. Sai
sO giita ngd ra clia ddi twgng va ctia mo hinh chuin tién dén Zero.

*Truong hgp cé nhiéu:

— Chon Mean =0.01, Var=0.5
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— Chon Ts =3s,£=0.707, y=1, w:(Ts—>"g"‘)’a= 0.1
— Chonp=2vaq=(3/2)*p
— Chon a,b thay ddi theo ty 1& b=3*a vdi a=1
Khi d6 ta c6 két qua md phdng nhu sau:
Input
_ .-

~n 10 20 30 40 a0 60 70 g0 90 100

Modified Mit Rule for =1 and Amplitude = 1
Nhén Xét:
+Tham s6 @ 4nh hudng rat 16n doi véi ludt hiéu chinh va viéc chon tham
s6 « ciing rat khé. Tham s6 & > 0 d€ tranh trudng hgp chia hét cho 0.
+C6 thé dat duge Luat MIT b sung ma ti 1& hiéu chinh khong phu thudc
vao bién d6 cda tin hi€u (dat) yéu cau.
+C6 thé nhan thay ring tf 1& hiéu chinh tham s& phu thudc vao bién do
clia tin hiéu yéu cau mdot lugng nhd bdi vi do nhiéu do ludng.

6. Két luan:

Khi thi€t k&€ hé MRAS bac 2 bing luat MIT ta thdy két qua kh4 t6t véi tin
hiéu vao 1a bat ky va trong trudng hgp c6 nhiéu diu vao, nhiéu diu ra hay
nhiéu do ludng thi mo hinh cho két qué tuong d6i t6t. Tuy nhién véi mitc
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nhiéu qud 16n thi ta ciing khong thé cho két qua tot nhat dugc nhung cé
thé loai nhiéu bing cach chinh «, ¥ dé€ c6 két qua tuong doi.
Uu di€m

* Loai dugc nhiéu

= Thiét k& cho hé thdng c6 cdc thong s6 thay ddi khong biét trudc

= Thich nghi vdi su thay ddi ctia ddi tugng

A A e A A ,
Mot s6 di€ém can chua v:

* Trong qud trinh 1am viéc d€ hé thdng van dat cdc chi tiéu nhu
thi€t k&€ ban dau thi phai gid thuyét ring d6i tuong khong tuf
thay ddi tifc 1a d6 chinh xdc md hinh van giif nguyén (diéu nay
thuc t&€ khong dat dudc), do phan 16n cic mo hinh déu chira
trong n6 mdt sai 1éch nhat dinh so véi doi tugng trong qud trinh
lam viéc.

» Hing s6 y giif vai trd quyét dinh dén t6c do hoi tu hay phan ky
clia thuit todn chinh dinh, din dén phu thudc nhiéu vao 7y va
chon yrat kho'

= Phuong phép tiém cin Gradient khong cho két qud cin thiét
cho hé thng kin 8n dinh.

* Phuong phdp ndy cin thi€t cho cdc tham s& clia md hinh ddi
tugng d€ tinh todn do nhay. Tuy nhién diéu nay khong cé thuc
va do d6 c6 thé st dung phudng phdp xap xi hay bing cic bo
udc lugng thdng so.

3.2.4 Thiét ké MRAS dung 1y thuyét 6n dinh ciia Lyapunov

Vi luat hiéu chinh tham s0 ¢6 dugc tir phuwong phap Gradient dugc trinh
bay trong muc 3.2.3 1iy gan dung la dé c6 duoc luat hi¢u chinh tham s6 dua
vao kinh nghiém c6 ve hop li r6i ching ta thir chi ra rang sai s6 md hinh s&
tién dén 0. Mot kha ning khic dé cé duoc vong ngoai ctia hé théng thich
nghi sir dung mé hinh chuén 13 tim ra luat hiéu chinh ma dam bao sai s tién
vé 0. Nhitng nghién ctru cho luat hiéu chinh nhu viy dd dugc thuc hién
trong mot khoang thoi gian dai. Y tudng co ban dé thiét ké luat higu chinh
dua vao 1y thuyét on dinh duoc trinh bay trong muc niy va dugc thé hién
theo lich str phat trién.
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Dé tap trung vao van dé chinh tranh nhitng chi tiét khong can thiét, tu hiéu
chinh dd loi nudi tién cua hé théng duoc biét trude duge dung trong muc
nay. Hé théng ding ¢ diy giéng nhu ¢ hinh 3.6 nhung co ciu thich nghi thi
khéc. Van dé 1a tim luat hoi tiép dé bao dam sai s6 e = y — y,, trong hinh 3.6
tién dén 0, can biét réng van dé diéu khién hé théng véi dac tinh dong hoc
biét truéc va hé s6 do loi chua biét thi khong qua kho. Van d¢ riéng biét
dugc chon dé trinh bay y tuong hon la trinh bay mot van de thuc té. Mot khi
y tudng co ban dugc phit trién, sy md rong dén nhitng cau hinh téng quat
thi tuong d6i dé hiéu hon, chi tiét dwoc trinh bay trong TLTK[1].

Phwong phap thir hai ciia Lyapunov
Minh hoa bang do thi phwong phdp Lyapunov

Hinh 3.7 (a), (b) va (¢) biéu dién cdc trang thal can bang va nhitng duong
cong tleu biéu twong ung dbi v4i hé théng on dinh, 6n dinh tiém can va
khong on dinh. Trong hinh 3.7 (a), (b) hodc (c), ving S(d) gidi han cho
trang thai ban dau X, va viing S(€) twong tng v&i gidi han cho qili dao xudt
phat tai xo.

Chd y ring nhimg dinh nghia da dugc dé cap trude diy khong chi ra chinh
xdc ving ciia diéu kién cho phép ban dau. Vi vdy cdc dinh nghia 4p dung
cho vung lan cdn cua trang thai can bang (1a trang thai tai d6 moi dao ham
déu triét tiéu), trr khi S(g) tuong Ung vadi trang thai ban dau cua dbi tuong.

Chd y 1a trong hinh 3.7 (c), dudng cong rdi ving S(€) va dan dén trang thai
can bang khong 6n dinh. Tuy nhién, chiing ta khong thé néi rang dudng
cong s& di dén vo tan boi vi n6 ¢6 thé dén gan mot Vbng tron giol han phia
ngoai vung S(€). (Néu mot hé thong tuyen tinh bat bién theo thoi gian 1a
khong 6n dinh, cic duong cong bat ddu gan véi trang thdi can bang khong
6n dinh di dén vo cuc. Nhung trong truong hop ctia hé théng phi tuyén, diéu
nay that sy khong can thiét).

Su hiéu biét vé cdc dinh nghia da néi ¢ trén 12 yéu cau tdi thiéu dé hiéu viéc
phén tich on dinh cua céc h¢ théng tuyén tinh va phi tuyén c6 mat trong
phan nay. Chu y rang nhiing dinh nghia nay khong chi han ché & céc khai
niém vé sy 6n dinh cia mot trang thai can bang. Thuc ra, nhimng cdch dinh
nghia khic ciing duoc sir dung.Chang han, trong cic 1i thuyét diéu khién
thong thuong hodc kinh dién, chi ¢6 cdc hé thdng 6n dinh tiém cin méi
duoc goi 1a hé théng on dinh, con céc hé théng khéc 6n dinh theo Lyapunov,
nhung khong on dinh tiém can, dugc goi 1a khong on dinh.
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S(e) S(€e) S(e)

S

S(3 S8 S(3

3

(a) (b) (©
Hinh 3.7 (a) Trang thdi cdn bang on dinh
(b)Trang thdi can bdng tiem can
(c)Trang thdi can bang khong on dinh
Vi du 3.8 Xét hé¢ thong duge md ta boi phuong trinh trang thai sau:
X o= x - x(x + x3)
X, = -x1- XX + x;)

Trang thai can béng (dao ham = 0) tai géc toa d6 (x; = 0, x, = 0). Néu ching
ta dinh nghia mdt ham v6 huéng V(x) nhu sau:

Vix) = x{ + x;

1a ham xdc d.l'I:lh duwong, sao cho dao ham theo thoi gian ham V(x) theo mdt
duong cong bat ki

V(x) =2x 1% +2x %,

-2()(12 + xi)2

13 ham xdc dinh am. Piéu nay cho thdy rang V(x) ting lién tuc theo duong
cong bat ki; vi vay V(x) 1a ham Lyapunov. Ham V(x) tr¢ thanh v6 han voi
do léch vo han tur trang thdi can b?lng, trang thai can béng o géc cua hé
thong 12 On dinh tiém can trong viing rong.

Chi y rang néu ching ta dé V(x) nhan gid trl hang s6 0, C,C,...(0<Ci<
C, <...), thi V(x) = 0 tuong ung v6i goc cta trang thdi ddi tugng va Vx) =
Ci, V(X) = C,, . . .moO ta nhitng vong tron khong so sdnh kem theo goc cua
trang thai doi tu’(_yng, nhu minh hoa ¢ hinh 3.8. Ciing can chii y rang V(x) 1a
ban kinh v6 tan, hoac V(x) — oo khi |[x]||— c°.
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Khi vong tron V(x) = Ci nam hoan toan trong vong tron V(x) = Cyy, mot
duong cong dai dién di qua viing bién gidi cta cic dudng vién V tir ngoai
vao trong. Tir dy, biéu dién hinh hoc ctia ham Lyapunov ¢6 thé dugc phat
biéu nhu sau: V(x) 12 thudc do khoang cdch cua bién trang thdi x tir gdc toa
d6 cua trang théi trung gian. Néu khoang cach giira gc va bién trang théi
tuc thoi x(t) tang lién tuc khi t tdng {V[x(t)] < 0 } thi x(t) — 0.

Quy dao (1) trén hinh 3.8 1a chuyén dong 6n dinh tiém can vé gdc toa do,
song khong thod tiéu chuan on dinh thir 2 cia Lyapunov: ham V (x)khong
phai 12 ham x4c dinh 4m véi moi bién trang thai x. Tiéu chuén 6n dinh thir 2
cua Lyapunov la diéu kién du, khong phai 1a dleu kién can dé danh gid tinh
on dinh cua nghiém phuong trinh vi phan phi tuyen Neu thoa tiéu chuén thi
hé 6n dinh. Néu khong thoa, van dé két luan vé tinh 6n dinh con bo ngo, phu
thudc vao:

1.Chon ham V(x)

2.Chon bién trang thdi x

X1

v

Hinh 3.8 Cdc vong tron hang s6 V va hai qui dao én dinh
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Vi du thiét ké MRAS diing Lyapunov

Gia str tat ca cdc bién trang théi ctia hé thong déu do ludng duoc, dinh 1y vé
on dinh cta Lyapunov c6 thé dung dé thiét ke luat di€u khién thich nghi
dam bao sy 6n dinh cho hé thong vong kin, vi du sau trinh bay y tudng nay.

Vidu 3.9 Hé MRAS béc nhit dwa vao Iy thuyét 6n dinh.

Xét bai todn nhu trong vi duy 3.2. Khi tham sb cua doi tuong dugc biét luat
diéu khién theo phuong trinh 3.6 cho két qua mong muon. Mot hé thich nghi
st dung md hinh chuin ma ¢6 thé tim ra cdc hé so ty va sg khi tham sb a, b
khong dugc biét c6 thé dat dugc nhu sau :

Sai s6 : e =Yy - Ynm

Léy dao ham va sir dung phuong trinh (3.5), (3.14) va m6 hinh mong mudn
dé khir dao ham y va yy, , ta duoc :
% =-ape + (ap—a—bs, )y +(bt, - byu.
1

Chua y rang sai so e s€ tlen den 0 néu céc tham s6 nay bang véi gid tri mong
mubn. Bay gio ta can ¢ gang xay dung mot co cau hiéu chinh tham s6 sao
cho cdc thong sb to va so tién dén gid tri mong mudn. Sir dung cho muc dich
nay, ham Lyapunov c6 dang :

I o2 1 2, 1 2
Vie, t,,s,)= —[e "+ —(bs, +a-a,) + —(bt, — b,
(e, 1y, 50) 2[ by( 0 ) by( 0 )]

Ham nay s€ bang 0 khi e = 0 va cédc tham so bd di€u khién bang voi gia tri
to1 wvu. Dao ham cua V la:

ds
v —e@ +l(bs0 +a- am)—+ (bt, - m)di
dt dt 14 dat vy dt

1 d. dt
= p€ +—(bsy +a—am) 2L - e ) + l(bzO — b ) =% + e )
14 dt 14 dt
Néu cdc tham sé duoc cap nhap boi:
iy

= -, 3.17
” Hace (3.17)
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dt
ta duoc
dv )
— = —a,e
dt
Nhu vay:

Ham V sé& giam khi e khdc 0. Vi vay c6 thé két luan 12 sai s6 e s& tién vé 0.
Tuy nhién can chd y la cdc tham s0 tp va sp s€ hoi tu dén gid tri can bang néu
khong ¢6 céc dicu ki¢én khéc tdc dong vao. Vi vay luat nay tuong tu nhu luat
MIT nhung d6 nhay dugc thay doi bai tin hi¢u khéc.
Luat hi€u chinh c4c thong s6 1am 6n dinh cho hé théng ma céc bién trang
thdi c6 thé do luong dugc xay dung bang sy tong quat hod truc tiép cua ki
thudt dung trong vi du sau .
Luat hiéu chinh theo phwong trinh 3.17 dat dugc bang cich dp dung Iy
thuyét 6n dinh twong ty nhu bang luat MIT ( so sdnh véi vi du 3.2) trong ca
hai truong hop, luat hi€u chinh c6 thé viét nhu sau :

do yoe

dt
v6i 0 12 vector céc tham sb , @ = [-u. y]” khi sir dung ludt theo Lyapunov
va

Q= [-uc YI'"/Ap + an)

néu st dung luat MIT vector @ c6 thé dugc giai thich nhu 1a gia tri 4m cta
gradient ham ton that.

Phuong phép Lyapunov bay gio dugc dp dung cho viéc hi¢u chinh hé do loi
nudi tién.

Vi du 3.10
O day chi xét van dé hiéu chinh d6 1oi nuoi tién. Sai sé dugc cho boi
e = G(p)( 0-6° )uc
gioi thiéu mot khong gian trang thai biéu thi cho ham truyén G. Quan hé
gitra tham s6 0 va sai so e dugc viét bdi:
dx

— = Ax + B(#-6")u, (3.18)
dt
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e = Cx

Néu h¢ dong nhat x = Ax 1a 6n dinh ti€ém cén va c6 ton tai 2 ma trdn P va Q

xdc dinh duong sao cho:
A"P + PA = -Q

Chon ham Lyapunov nhu sau :
V= %[}«Tpx +(0-0°7)

Dao ham V va str dung phuong trinh sai phan 3.18 dugc :

T
Y2 e Py 40 - 6090
dt 2 dt dt dt
Str dung phuong trinh 3.18 ta duoc :
dv

o %{[Ax+Buc(l9 - 0°)]"Px + x"P[Ax + Bu,_ (0
t

de
+(0 -0°)=—
( )dt

Y ox +(6-0 28 4 By
2 dt

Néu luat hi€éu chinh tham ) duoc chon la :
de

= —w B Px
dt e

(3.19)

-0°)])

(3.20)

thi dao ham cia ham Lyapunov s€ am khi x # 0. Véi luat hi¢u chinh theo
phuong trinh 3.20 vector trang thdi x va ca sai s0 e = Cx vi vay s¢€ tién dén
khong. Tuy nhién chd y 12 sai s6 tham s6 6 - 8 © khong can thiét 1a phai tién

dén khong.
Vi du hé bac hai MRAS
Vidu 3.11 Xét G(s) =
s(s+a)
Bm w’

vamo hinh 1a G,(s) = = — D
Am s°+2¢05 + @
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da thirc Ag, R, S va T duogc chon boi :
Ay(s) = s+ a,
R(s) = s + 1
S(s) = 5,8 + 5
T(s) = t,s + ¢,
Phuong trinh Diophantine 3.7 cho 101 giai sau :
rn =20+ a, - a

s, = 2lwa, + o -ar, J)K

s, = apw’/K
t, = w/K
t, =a,0 /K

dé don gian héa, tachon:  Q(s) = Ao(s).An(s)
Pi(s) = Au(s)
Py(s) = Ao(s)
Mo phong hé bac hai MRAS trong vi du 3.11 véi cdc théng sb nhur sau:
v=1,{=07,0=1,ap=2,a=1vaK=2.
Gia st rang 150 =b,.
Két qua md phong ctia hé théng thu dugce nhu hinh 3.9. Trong d6:
> Hinh (a): Ddp ing ngd ra cta hé thong va ngd ra ciia mo hinh chuén.
> Hinh (b): Tin hiéu diéu khién.
> Hinh (c): Saisbe =y -y,
Nhén xét:
i Cac da thuc Py, P, Q va Ay duoc lua chon 520 cho t(f)c do hoi tu cua
y V€ ym la nhanh nhat. Mac du ngo ra cua hé thong ¢ cudi qua trinh mo
phong van chua tién dén gia tri toi uu nhung sai s6 1a rat bé (hinh (c)).

Ung véi luat diéu khién trén thi tai thoi diém t = 150s hé thong vong
kin c6 mot cyc thuc 1a — 1.95 va hai cuc 4o tuong Uing voi @=0.84 va
¢ =0.78, so véi da thiic ApA,, c6 mdt cuc thuc la — 2 va hai cyc 4o tuong
ung voi w=1va ¢ =0.7,
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Hinh 3.9 Két qua mo phong cua hé thong trong vi du 3.11

H¢ thong MRAS roi rac

H¢é MRAS da dugc thuc hién cho hé lién tuc khong cé nhiéu, nhung cé thé
thuc hién dugc MRAS cho h¢ roi rac. Thuat gidi ¢ trén c6 thé duoc dung
cho truong hop hé roi rac. B udce luong c6 thé dua vao chuén binh phuong
t(‘)i\thiéu. Phan nay dé danh trinh bay trong b diéu khién tu chinh dinh trong
phan 3.3

MRAS cho hé thong chi biét dwoc ting phan

Trong phan trudc ta da gia su tdt ca mo hinh ctua ddi twong 1a chua
biét. Trong mot s6 trudng hop déc tinh dong hoc cua hé thong duoc biét mot
phan, con lai 1a khong biét. Sy biét truéc nay cé the dugc két hop vao hé
MRAS. Diéu nay c6 thé thyc hién tuy thudc chii yéu vao tham sd va cau
trdc ctia md hinh ddi tugng. Phuong phdp nay dugc minh hoa bang vi du .
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Diéu khién thich nghi cho tay may

Gia sir cdc bién trang thdi dugc do luong day du, c6 thé tim duoc mot bién
sai s6 tuyén tinh ddi véi cdc tham sb, diéu nay lam dé dang trong viéc xay
dung h¢ thich nghi sir dung m6 hinh chuan 6n dinh. Diéu nay dugc minh
hoa bang viéc diéu khién tay may khi ma dic tinh dong hoc 1a phi tuyén.

Mot thao tac truc tlep duoc mo ta boi mo hinh :
H(q)g + Cl(q.q9)q +G(q)=T (3.21)

v6i q 1a vector toa do tong quat. H 1a ma tran quan tinh, C la ma tran tat, G
la vector trong truong. Bién diéu khién 1a moment dit vao co ciu chip
hanh.Phuong trinh mé ta tay mdy c6 tinh chét :

SECTHG) = QTHO)G + i'Caq)d = §(T-G) G2t
Diéu ndy duoc giai thich 12 dao ham cua dong ning ¢ "H¢§ bang véi cong
suat dugc cung cap bdi co cau chap hanh va moment trong luc.
Vi du 3.12: Tay may hai khép ndi
Xét tay mdy hai khop ndi voi tai chua biét trong hinh dudi ddy. Khép ndi
thir hai voi tai chua biét dugc xem nhu la ¢6 thém mot khop noi voi 4 tham
SQ chua biét’: khoi lugng m., moment quén tinh I, @oéng cach tur trong tam
dén khop ndi thir hai [, g6c e so véi khau lién két thir hai. Hé thong duoc
md ta boi phuong trinh (3.21) véi

_ (6, +26;cosq, +20,sing, 0, +6,cosq, +6,sing,

- ( 0, + 0, cosq, +6,sing, 0, ]

ce?

~ (93yl+ 6,Y, + (6, — 0, + e,)e, cos qlJ

6.y, +6,Y,
vOi:

Y, = —2sin(q,)q,q, —sin(q,)q;
Y, = 2c0s(q,)4,g, +cos(q;)
Y, = sin(q,)q; + e, cos(q, +q,)
Y, = —cos(q,)q; +e,sin(q, +q,)
e, = mll, —ml}
e, = gll
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Tay mdy hai khép néi véi tdi chiea biét
véi g 1a gia toc thuong va bon tham sé chua biét @, ---, 8, 1a nhitg ham c6
céc tham s6 vat 1y chua biét.
6 =1, +ml’+1,+ml. +m,l’
2
0, =1 +m,l,
0, = mJll

17 ce

0, = m,ll

1%ce

cosJ,
sin o,
Bon tham s chwa biét m,,I,,1, va &, dugc xic dinh duy nhat boi

6,,---,6,. Hé thong c6 thé dugc viét lai:

q)T (q’ q’ q)e =T

véi @ dugc cho béi:
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[‘.].1 +e q» —e’ 2c0s8(q,)q, +cos(q,)g, +Y, 2sin(q,)q, +sin(q,)q, +Y2J
0 4, +4, COS(Qz)él.l-i'YS sin(q,)q, +Y,

0 (91’02’93’94)T

T, —ee, cos(q,)
TZ

voi €' =e, cos(q,) va 7,, 7, 1a cic moment tac dung Véo Dac tinh d()ng hoc
c6 thé duoc viét dudi dang tuyen tinh theo cdc tham s6 véi gia str 1a tat ca
cic trang thdi va gia toc c6 thé do luong dugc.

T

Vi du c6 thé duge tong quét hod va phuong trinh (3.21) ¢6 thé duogc viét
thanh:

T - H(p§ - Cg.9)q - G(@ = ¢'(4.4.9)0°
voi H',C’, G’ va @la biét trudc hay c6 thé do luong duge. Dt 1a m6 hinh
khong tuyén tinh, né van tuyen tinh theo cdc tham s6 c6 thé thay doi. Mot
diéu quan trong 1a kién thirc biét trudc dugc dung va h¢ thong d6 khong
xem nhu 12 m6 hinh hop den véi tham s6 thay ddi theo thoi gian. M6 hinh
thi van con chua thod man bdi vi gia toc phai dugce do cling véi vi tri va van
toc.
bat qui dao tham khao cho vi tri va van tbe 1a gm va g, . Duara phuong
trinh Lyapunov nhu sau:

1 ~ ~ ~ ~ >y =~

V = E(qTH(q)q + qTqu + HTFQ)
Trong d6: ¢ = q—qm,Z; = é[—q'm,g =6-6°; K ,va I'la nhiing ma
tran xac dinh duwong. LAy vi phan V, sir dung phuong trinh (3.21a) cho ta:

; < i | IR < ~
V=g'Hqg + EqTHq + qTqu + 6'Treo

G'(H§ - Hi, + Cj + K,§) + T8

_ AT . . ~ T =~
=qg(T-G-Hg, —-C, + K,q)+0716
Pua ra luat diéu khién:

T=H4G, +Cq, +G - K,§g - K,G (3.21b)
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Luat diéu khién bao gdm thanh phan nudi tién tir thanh phan da biét cia md
hinh va thanh phan ti 1€ va hoi ti€p van toc, nghia la:

V=g'Hj, - Cq, +G - K,§ + 6'Té

Trong dé:
H(g) = H'(9) - H(q)
C(q.9) = C(q.9) - C(q.9)
G(g) = G'(9) - G(g)

bat

Hi, — Cq, + G = ¢'0
bt dugce nhu vay 1a do m6 hinh tuyén tinh d6i voi céc tham sd. Hon nita
¢, = 0,(q.4.4,.4q,) conghialachicé gia toc ciia md hinh phai dugc
biét, khong phai 1a gia tdc thuc. Dan dén:
V=-4"K,jg+6 T8 + ¢
dé nghi cdp nhat thong s6:

6=6=-T"gli =-T"¢l(G - 4, (3:21¢)
Ham V thoa tinh chat cia ham Lyapunov 12 x4c dinh dwong va dao ham:
V=- ngg

13 bdn xdc dinh am. Diéu nay c6 nghia 1a h¢ vong kin 6n dinh va van toc khi
xéc lap bang khong. BO diéu khién ciing c6 thé dugc bo sung dé dam bao 1a
sai sO vi tri bang 0.

Luat diéu khién theo phuong trinh (3.21b) va tham sb dugc cap nhat theo
phuong trinh (3.21c) 12 cdc ham cua bién g, ¢, 9> 4n V2 G, nhung gia tdc
ctia khép ndi khong can thiét phai do duge. Dé y rang luat diéu khién 1a
truong hop ddc biét ciia hé¢ MRA tong quit véi e = § — q,-

3.2.5 Két luan

Cdc y tuong co ban dya trén MRAS dé duoc trinh bay trong phan nay bao
gom :
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1. Phuong phap gradient
2. Thiét ké theo Lyapunov va siéu 6n dinh
3. S6 gia sai sb

Trong moi truong hop luat cap nhat tham s6 cho dudi dang :

49 = ypE (3.22)
dt
hay dudi dang chuan hod :
do E
LAYV L (3.23)
dt a+e @

Trong phuong phdp gradient, vector ¢ la gid tri am cua gradient sai s theo
cic tham sd. Udc lugng thong sd hay xdp xi c¢6 thé duoc diung trong
phuong phdp gradient. Trong nhitng truong hop khiac ¢ la vector 1ui c6
duoc bé‘mg cich loc ngd vao, ra va tin hi¢u dat. Sd hang € la ) gia sai )
duoc giai thich 1a sai s6 du bdo ciia van dé udc lugng. Thuong ding s gia
sai sO tuyén tinh theo cdc thong sb.

Phuong phap gradient linh hoat va don gian dé 4p dung vao moi cau triic hé
théng. Céch tinh todn doi héi phai xdc dinh dugc ham dd nhay boi vi luat
hiéu chinh dya vao viéc tinh gradient, c6 thé khiang dinh 1a phuong phap s&
hoéi ty, dugc cho boi do loi thich nghi y dugc chon 1a ¢t nho. Hon nira, gia
tri ban dau ciia tham s6 phai chon dé hé théng vong kin 1a 6n dinh. Phuong
phap nay s& giy khong on dinh néu hé s6 do loi thich nghi 16n. Van dé Ia
khé tim duoc gidi han 6n dinh trude.

Hé MRAS tong qudt dugc dua ra dwa vao viéc thiét ké md hinh kem theo.
Thuat giai nay bao gom nhting truong hop dac biét cua viée thlet ké MRAS
da duoc trinh bay trong céc phan trén. Viéc udc lugng tham sd c6 thé duge
thuc hién v6i nhiéu cdch khéc so véi phuong trinh 3.22 va 3.23.

3.3 B tu chinh dinh (STR - Self Tuning Regulator)
3.3.1 bat van dé
Su twong duong chic chin
Thong sb ude lugng
¢ Phuong phap gradient
e Binh phuong cuc tiéu
Cic phuong phdp thiét ké bo diéu khién
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e PID
e Vi tri cuc
® LQG (Linear Quadratic Gaussian)

B0 ty chinh dinh (STR) dya trén quan diém phan tich, danh gia c4c thong
s0 chura biét. Y tudng co ban duwoc minh hoa trong hinh 3.10 . C4c thong 6
chua biét dugc danh gid truc tuyén (on-line) bang cich ding phuong phip
wdc luong dé qui. Céc thong sd ude lugng duoc xem nhu 12 théng sé thuc,
d6 khong tin cdy cta cic ude lugng 12 bo qua. Diy goi 1a qui tic tuong
ddng nhat dinh (certainty equivalence principle).

Cac tham
sob0 | @ e i
diéu khién

B0 tu chinh dinh
r————>""""">"""”"”"” - “"“"="/"""7/"7/"7/"”/= I
bac tinh Céc tham s qu4 trinh :
I
\ 4 y I
1A A I
Thiét k€ bo | Suthichnghi |eu |
dieéu khién I
I
I
I
I

Tham chiéu

A 4
B¢ diéu
khién

\ 4

Qua trinh

\ 4

\ 4

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
: Ngo ra

- ___ _Ngovao

Hinh 3.10 M6 hinh tir chinh dinh

Nhiéu phwong phap wdc lugng khac nhau co thé dugc van dung nhu xap xi
udc dodn, binh phuong t6i thi€u..... Khoi ‘design” ¢ hinh 3.10 tugng trung
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cho bai giai tryc tuyén céc bai toan thiét ké hé théng véi céc théng sb chua
biét trudc. Pay 1a bai todn thiét ké co ban. Pién hinh cho phuong phép nay
1a phuong phép khac biét cuc tiéu, binh phwong tuyén tinh, dit cuc, model
— following. Phuong phap thiét ké dugc lwya chon phu thudc vao dic tinh
cua hé thong vong kin. Muyc tiéu cua muc nay la dua ra quan diém co ban
va tinh chét cta cdc bo tu chinh dinh. Bo tu chinh dinh ban dau chi ap dung
cho cac hé théng léy mau dir liéu, nhung cic thuat toan lién tuc va hon hop
(hybrid) ciing duoc phat trién.

Trong muc nay, gia str hé théng 14 SISO :
A(q)y(1) = B(qu(t) + C(q)e(t) (3.24)

y :daura

u : dau vao

{e(t)} : chudi phan bd Gausse

A, B, C: cac da thirc theo q (todn tir sai phan t6i).
Gia thiét bgcA = bdcC = n va bdcA - bicC = dy. Qud trinh diéu khién
thuong dugc mo ta & dang todn tir q”'. Pa thire dic tinh ¢6 dang:

A(z) = Z"Az)
n = bacA. Khi d6 md hinh (3.24) dugc md ta nhu sau:
A (g)y(0) = B (g Hu(t—dy) + C (g)e()

Bo tu chinh dinh dya trén quan diém uéc luong cdc thong 5O cua qua trinh.
Phuong phap dé hiéu 1a udc lugng céc thong s6 ctia ham truyen cua qua
trinh va nhiéu (thuat todn thich nghi gian tiép). Cac théng sd ctia bd chinh
dinh s& khong dugc cap nhat truc tiép ma 1a gidn tiép thong qua udc luong
md hinh ciia hé thong. Bo didu khién thich nghi loai nay dua trén phuong
phap binh phuong t6i thiéu va diéu khién bam theo (Kalman 1958). Phuong
phap nay khong dya vao dic tinh vong kin ctia h¢ thong.

Cic thong s cua bd chinh dinh ciing ¢6 thé udc lugng truc tlep goi la thuat

todn thich nghi tryc tiép. Ca 2 phuong phép truc tiép va gian tiép déu goi la
diéu khién tu chinh dinh.

3.3.2 B tu chinh dinh gian tiép

Trong phan ndy, gid sr md hinh ctia hé thdng ¢6 phuong trinh 3.24. Céch
de déng, nhat 1a tao bg tu chinh dinh theo nhu phan 3.3.1 d€ udc lugng cac
thong s6 cua da thic A, B, C.
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Xét truong hop xdc dinh (e(t) = 0). Nhidu phuong phdp d¢ qui da dé cap c6
thé duogc str dung dé udc luong cdc thong sb cia A, B.

r = [bo b[ bm aj ... Cln]
d-1)=[u(t—dy)..u(t—dy—m)— yt—1) ... — y(t—n)]

trong d6 n — m = d,. Khi d6 by udc luong binh phuong cuc tiéu duoc

cho béi:
0(t) = 6(t—1) + K(t)e(r) (3.25)
e(t) = y() — @' (1=DO(r~-1) (3.26)
K(t)= Pa-Dp(t-D[A + ¢ t=DP(~Dep(t-1)] (3.27)
P(t)=[1 - K)¢"(t—1)|P(t-1)/ A (3.28)

Trong trudng hop nhiéu 12 ngau nhién, phuong phdp binh phuong tdi thiéu
cho ra cic udc lugng sai léch néu C(q) # q". Liic nay, ching ta phai dung
céc phuong phap nhu cuc dai d¢€ qui, binh phuong cuc tiéu tong quat.

Tinh hi tu

Néu tin hiéu dau vao duoc kich thich ddy du va céu tric ciia md hinh can
udc lugng thich hop thi cac woc lugng s€ hoi tu dén mot gid trj thuc néu hé
thong vong kin on dinh. Diéu kién hoi tu cho cdc phuong phap khac nhau 1a
khéc nhau.

Trong ca 2 truong hop nhiéu xdc dinh (e(t) = 0) va nhiéu ngau nhién (e(t) #*
khong ) thi diéu kién hoi tu phu thudc tin hiéu dau vao, qué trinh va nhiéu
cua hé thong Tin hiéu diéu khién u(t) duoc phat di qua khau hoi tlep Diéu
nay l1am phiic tap viéc phan tich nhung né can thiét dé yéu cau hé thong
vong kin phai 6n dinh. Trong MRAS viéc phan biét tinh hoi tu s& duoc dé
cap ro hon ¢ chuong 6 (TLTK[1]).

Bai toan thiét ké nén tang cho nhitng hé thong biét trudéc

Nhiéu phuong phdp thiét ké dugc sir dung trong cdc bd tu chinh dinh phu
thudc vao dic tinh ctia hé thong vong kin. Phuong phdp thiét ké thuong sir
dung 1a dit cuc (pole placement). Phuong phdp dua theo m6 hinh mau
(mode — following) va phwong phap dat cuc da duoc dé cap ¢ phan 3.2 va
phu luc A (TLTK[1]).
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Xét md hinh cua hé thdng c6 phuong trinh (3.24) va dép ung cta hé thong
vong kin mong muoén la :

Au(@).¥(t) = Bulq)uclt) (3.29)
B¢ diéu khién la:
R(q@u(r) = T(qu () — S(g)y() (3.30)
R va S 1a giai phdp cho phuong trinh Diophantine
AR, + B™S = A/A, (3.31)
trong d6
B = B'B” (3.32)
B, = BB, (3.33)
T = AB, (3.34)
R = B'R, (3.35)

Mot vai diéu kién phai thoa mén dé chic ring bo diéu khién 1a nhan qua
(cagsal) (xem phg luq A TLTK[1] ). Cac phuong trinh ¢ trén la co ban cho
nhiéu bai toan thiét ké khac nhau.

* Mot kiéu miu cho mét by tw chinh dinh gin tiép

Bo ty chinh dinh gidn tiép dua trén thiét ké dat cuc c6 thé biéu dién trong
thuat toan sau:

Thuét toan 3.1 - B tw chinh dinh gian tiép

Dir liéu : Ham truyén dép (mg xung vong kin mong mudn B,/A,, va da thirc
quan sat mong muon A dugc cho trudce.

Bude 1: Udc lugng cdc hé s6 cua da thic A, B, C trong phuong trinh (3.24)
ding phuong phap binh phwong tdi thiéu tir cac phuong trinh (3.25) — (3.28)

Budéce 2: Thay A, B, C béng cac udc luqng dat duoc & budc 1 va giai
phuong trinh (3.31) d¢ tim Ry S. Tinh R bang phuong trinh (3.35) va T
bang phuong trinh (3.34).

Budc 3 : Tinh tin hiéu diéu khién tir phuong trinh (3.30)
Lap lai budce 1, 2, 3 & mdi chu ki 1dy mau.
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Mot s6 van dé can chi y véi thuat todn nay :
+ Béc cua cic da thitc & phuong trinh 3.24 hodc gidi han bac cao nhat phai
biét trudce.

+ Thira sb chung cta cic udc lugng A, B c¢6 khd nang gidi dugc phuong
trinh 3.31

+ Phai dam bao h¢ thong vong kin 1a 6n dinh.

+ Céc tin hiéu nén kich thich lién tuc dé dam bao sy hdi tu cdc thong sb.

Vi du 3.13 B§ tu chinh dinh gidn tiép véi nhiéu xdc dinh
Xét hé théng c6 ham truyén :
1
s(s+1)

G(s) =

Ham truyén nay duoc xem nhu 12 mé hinh co ban ciia dong co. Ham truyén
ddp tmg xung voi chu ki lay mauh=0.51a:

fio) = B _ 0-107 g +0.090 _ 0.107(g+0.84)
O AT T 161q+0.61  (g-D(g—-061)

Hé théng dugc 1y mau c6 1 zero = -0.84 bén trong vong tron don vi véi hé
sO tat nho. Gia st hé thong vong kin mong muon 1a :

B, _ 0.18

A T g*—132¢+0.50

m

Diéq n.:‘ay twong tng véi hé thdng c6 tan sb dao dong ty nhién 1 rad/sec va
hé sotat £ =0.7
Gia st da thirc quan sat 1a :

Ao = (¢-0.5)

Moé phéng hé théng trong vi du 3.13.
Két qua mo6 phong dugc mo ta ¢ hinh (3.11), (3.12) va (3.13).
> Hinh 3.11 bicu dién tin higu dau ra va tin higu diéu khién cia hg
thong thyc khi mot bo tw chinhq dinh gidn tiép duoc st dung y(')’i
phuong phédp binh phuong cuc ti€u va zero z = - 0.84 ctia h¢ thong
thuc bi khir.
» Hinh 3.12 chi ra viéc udc lugng cdc thong s6 cta h¢ thong hoi ty
nhanh dén céc thong s6 cia md hinh thyc. C6 sy dao dong 16n cua
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tin hiéu diéu

khién do viéc khir zero. Dao dong nay la két qua cia

su chon lya kém trong bai todn thiét ké co ban chﬁ khong phai phu
thudc vao bﬁ) tu 9hir}h dinh. Dao dong nay c6 thé t’rénh duoc b:glng
céch thay doi thiét ké ma khong khur zero ctuia hé thong thyc ( chang

han B,, = B).

Hinh 3.13 chi ra két qua khi thay doi thiét ké khong c6 zero nao bi

khir. Pép tng ciia hé thong vong kin bay gid di duoc thoa man.

)

y
2
Ue
4
'2 T T i T T
0 20 40 60 80 100
4
-2 -
0 20 ' ' 80 100

Time

Hinh 3.11 Tin hi¢u d4u ra va tin hiéu diéu khién cta hé théng thyuc khi sir

dung b tu chinh dinh gidn tiép.

o

-2

0

T T T

60

T T
20 40
Time

Hinh 3.12 Két qua mo phong viée udc luong théng so.
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Yo

A4

-2 T T T T ™

0 20 40 60 80 100
2 u
2 :
0 20 40 60 80 100
Time

Hinh 3.13 Tuong ty hinh 3.11 nhung véi hé thong khong khir diém zero.

Vi du 3.14 B tu chinh dinh véi nhiéu ngiu nhién :
Xét hé thdng dugc mo ta nhu sau :
y(t) +ay(t—1) = bu(t—1) + e(t) +ce(t—1)

véia=-0.9,b=3, c=-0.3. Bai toin thiét ké co ban dugc sir dung 1a diéu
khién sai 1&ch cuc tiéu. B diéu khién sai 1éch cuc ti€éu duoc cho nhu sau :

C —_—
b
Diéu nay dan dén hé thong vongkin:  y(1) = e(1)

ut)= - —Ly) = -0.2y(1)

Phuong phap cuc dai d¢ qui duoc sir dung dé wdc lugng cic thong sb chua
biét a, b va c. Cac udc lugng dat dugc tir phuong trinh 3.25 — 3.28 véi :

6" =[b a c]
@' (t=1) = [u(t=1) — y(t—De(—1)]
ety = y) — @' (=B -1)
B0 diéu khién la:
u(t) = =35,y
b0 = S0 = aw
b(t)
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Mo phong b tw chinh dinh trong vi du 3.14.

5
y
0
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T T T T T
0 100 200 300 400 500
5
"
0 WWMW«M
-5 o
T T T T
0 100 200 _ 300 400 500

Time

Hinh 3.14 Ngb ra va tin hi¢u diéu khién cta hé thong khi st dung bo tur
chinh dinh gian ti€p dua trén di€u khién sai 1éch cuc tiéu

[
600
o 400 STR
x
=,
bl B Optimal
0 T T T T 1 -
0 100 200 300 400 500

Time t

Hinh 3.15 Ham chi phi ctia h¢ théng khi sir dung b¢ tw chinh dinh gién tiép
va di€u khién sai 1€ch cuc ti€u téi uu

A

50

0 T T T T T -
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Time

Hinh 3.16 Biéu dién thong sd §,(f)ctia bo didu khién.
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Hinh 3.15 biéu dién ham chi phi :
Vi) = 3y
i=1

Khi st dung bo diéu khién sai léch cuc tiéu toi uu va bo tu chinh dinh gidn
tlep Puong cong cho tn hao tich luy cua STR gan véi dudng cong ti wu.
Diéu nay c6 nghia bd tu chinh dinh gan nhu ti wru ngoai trir khoang t qué
do khi khaoi dong.

Tém tit : Thuat toan ty chinh dinh gian tiép 1a nhiing ing dung don gian
cua y tuong ty chinh dinh. Chung c6 thé duoc dp dung t61 nhiéu phuong
phép thiét ké bo diu khién va udc lugng thong s6. C6 3 khé khin chinh
v6i phuong phap nay. Phan tich tinh 6n dinh 1a phtic tap boi vi cic théng s6
chinh dinh phu thu¢c vao cdc thong s6 da uoc lugng. Thuong thi can phai
giai cac phuong trinh tuyen tinh trong cac thong s6 bo diéu khién. Lo trinh
tir cdc thong sd qué trinh dén cdc thong s6 tu chinh ¢6 thé ¢6 cdc diém ki di.
Diéu nay xay ra trong cac phuong phap thiét ké dya vao phuong phép dat
cuc, chang han, ‘néu md hinh da udc lugng c6 chung cuc va zero. Cac cuc
va zero chung can phai loai bé trudc khi tién hanh phuong phap dit cuc. Do
d6 viéc phan tich tinh 6n dinh chi thuc hién trong mét sb it truong hop. Dé
dam bdo cic thong s6 hoi tu dén cic gid tri chinh x4c thi cAu tric ciia md
hinh phai chinh x4c va tin hiéu dau vao phai kich thich lién tuyc.

3.2.3 B tu chinh dinh truec tiép

Khdi luong tinh todn cho céc thuat toan ¢ phan trudc ton nhiéu thoi gian va
tinh 6n dinh rat khé d€ phan tich. Nhi€u thuat todn khiac dugc dé xuat dé
viéc tinh todn thiét ké don gidn hon. Y tudng la dung cic dac tinh, cic cuc
va zero mong mudn dé viét lai md hinh hé thong sao cho cic budc thiét ké
la khong dang ké. Diéu nay dan tdi viéc thong so6 hod lai mo hinh.

Nhén phuong trinh Diophantine (3.31) vé1 y(t) va dung m6 hinh c6 phuong
trinh 3.24 thi :

AA, (@) = RAy(1) + B Sy(1)
= RBu(t) + B Sy(t) + RCe(t) (3.36)
= B™[Ru(r) + Sy()] + RCe(r)

Chd ¥ rang phuong trinh 3.36 ¢c6 thé duoc xem nhu 12 mot mod hinh cua h¢
thong duge thong sd hod trong B', R va S. Viéc udc lugng cac thong s0 nay
tao ra cdc da thire R va S ctia bo chinh dinh mot céch tryuc tiép. Két hop
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phuong trinh 3.34 , tin hi¢u diéu khién dugc tinh tir phwong trinh 3.30 . Luu
¥y md hinh & phuong trinh 3.36 1a phi tuyén trir phi B™ 1a hang so.

Céch khac dé thong s6 hod 12 viét m6 hinh & phuong trinh 3.36 nhu:

AA Yy = Ru + Sy + RCe (3.37)
Trong d6

R = BR va

S =BS

Chu y da thtic R ¢ phuong trinh (3.36) 1a monic (da thtic c6 hé s6 & bac cao
nhét bang 1) nhung R & phuong trinh (3.37) thi khong phai monic. Cic da
thire R va S c¢6 mot thira sd chung tuong trung cho céc zero tat kém. Thira
s0 chung nay nén khur bé truge khi tinh todn luat diéu khién.

e Thuit toan 3.2 - B tw chinh dinh truc tiép :

Budc 1: Udc luong cac hé s6 ctia da thtc R va S & md hinh phuong trinh
(3.37).

Budc 2: Khir cdc thira sd chung trong R va S dé dat dugc R va S.

Budc 3: Tinh tin hiéu diéu khién tir phuong trinh 3.30 ma R va S ¢6 duogc &
budc 2.

Lap lai buée 1, 2, 3 & mdi chu ki 1y mau.

Thuat todn nay tranh viéc woc luong phi tuyén nhung can phai udc luong
nhiéu théng s6 hon khi diing phuong trinh 3.36 vi cac thong so cua da thire
B dugc udc lugng 2 lan. Budc 2 do d6 rat khé thuc hién.

Vi viéc ude lugng cédc thong sb & phuong trinh 3.36 tuong dbi khé nén ta
xét truong hop dic biét B™ 1a hing s6. Gia st tat ca cic zero c6 thé bi khir

(B~ = by)
AA, () = by[Ru(t) + Sy(t)] + RCe(r) (3.38)
Diép tng mong mudn nhu sau:
Ay, () = b,Tu,(t)
Trong dé:
bac(A) =nva A, chia hét cho T. Sai s &1) = y(t) - yn, dugc cho béi:

Trang 331



Chuong 3 Diéu khién thich nghi

&) = R‘j e(t)

m 0% m

Biy gid ta xem xét cic truong hop khac nhau. Dau tién gia st e = 0. Da
thirc quan sat c6 thé dugc chon tu do, khi dung mo hinh lién tuc theo thoi
gian thi diéu can thiét phai gia sir by/(A¢An) 1a SPR (Strictly Positive Real =
Thuc duong chit) dé dat dugc mét MRAS 6n dinh. Ta cling can luu v réng
ham truyén ¢6 cdc hé sb 1a sb thuc duong thoa diéu kién can dé 6n dinh
dugc goi 1a PR (Positive Real). Ham 1a SPR néu né 6n dinh véi do du trit €
duong nho tuy y. Mot diéu kién tuong tu ciing 1a can thiét cho cdc mé hinh
roi rac theo thoi gian. Viét lai m6 hinh nhu sau:

e(t) = b[R—— u@® ¢ Y0 o Mc(f)]
AA A)A, AA,

m

= by[R'u,(t—dy) + Sy, (t—dy) — T u,(t—d,)]

trong d6
# = Ay(q™ )IA,Z(q o
70 = )IA; 0
u, () = e “)1A* v _1)%(l)

Piéu nay tuong ung voi truong hop P = Q = ApA, 6 phan 3.2 . Tinh hoi ty
bay gid s& phu thudc vao dau cia by. Diéu nay chi ra mbi lién hé giita
MRAS va STR.

e Thuit toan 3.3 - B§ tu chinh truec tiép véi nhiéu xdc dinh
Dit liéu : Cho trudc gi6i han thap nhét cta thoi gian tré dy va dau ciia by,
dap umg xung ham truyén vong kin mong mudn bo/A 1 va da thitc quan sat
mong muon Ay.
Bude 1 : Udc luong cic hé sb cia da thac R”, S*, va T™ & phuong trinh 3.38
dung phuong phap udc lugng dé qui.
Budc 2 : Tinh tin hiéu diéu khién tir :

Ru(t) = -Sy(t) + T udt)
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Lap lai cdc budc 1, 2 & mdi chu ki 1dy mau.
Thuat todn nay tuong tmg voi bo diéq khién thich nghi dung m6 hinh chuép
0 phan 3.2 . Chd y thuat toan yéu cau by phai biét trudc. Néu khong biét
trude by thi cling ¢6 thé ude lugng dugc bang cich thay phuong trinh 3.38
bang :

AoAmy(t) = Ru(r) + Sy(t) +R;C.e(1)

ma R bay gio khong phai 1a monic.

e Cac bd diéu khién thay ddi cuc tiéu va mirc trung binh di chuyén
(Minimum - Variance and Moving — average)

Cic thuat todn diéu khién trong truong hop nhidu ngau nhién cho hé thong
dugc mb ta boi phuong trinh 3.24 s& duge xem xét. Pau tién gia sir mo hinh
biét trude, e 13 mot nhidu ngiu nhién va u, = 0. Pa thirc ciia bd quan sét tbi
uu cho mé hinh & phuong trinh 3.24 1a Ay = C. Tiéu chuan thiét ké 1a thay
ddi cuc tiéu hodc trung binh di chuyén.

Néu qud trinh la cuc tiéu pha, bg chinh dinh thay ddi cuc tiéu duoc cho boi:

R(q ™ u(t) = -S"(q " )yt) (3.39)

Trong d6 R'vaS'la nghiém c6 bac cuc tiéu cla phuong trinh Diophantine
A (g )R (g7) + ¢ %B (g7)S'(q") = B (¢)C"(q")  (3.40)
v6i dy = Bdc (A) - Bdc (B). B diéu khién thay d6i cuc tiéu twong Gmg véi

mod hinh mong mudn v’('yi mot khoang tré dy bude, A", = 1. T phuong trinh
3.40 thi R’ phai chia hét cho B :

R'=R",.B’
Trong d6 : Bdc(R;) = dp — 1. Phuong trinh 3.40 duoc viét lai :
AR + g s = ¢

C'y(t) = AR 1y(1) + S'y(t—dp)
B R u(t—dy) + Sy(t—dy) + R ;Ce(t)
Ru(t—dy) + Sy(t—dy) + R 1Ce(t)
phuong trinh nay c6 thé dugc viét lai :

1
o

Yt +dp) = [Ru(t) + Sy1)] + R je(t + dy) (3.41)
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v6i b diéu khién ¢ phuong trinh 3.39 thi dau ra ciia hé thong vong kin tré
thanh :
M) = R'i(g")e(t)

Ngo ra vi vay la mot trung binh di chuyén»v(yi bac (dp -1). Trong Astrom
(1970) chi ra rang b chinh dinh s€ cyc tiéu sy thay doi ngd ra. Mot dac
diém quan trong la ng6 ra trd thanh mot trung binh di chuyen bac (do - 1).
Chu y s6 tu nhién do dugc dién ta nhu 13 s6 mau trdi qua dé dau ra thay doi
khi dau vao thay doi.
B§ diéu khién ‘thay ddi cuc tiéu c6 han ché 1a té} ca cdc zero cua qud trinh
deéu bi khtr. Biéu nay c6 nghia s€ 1a khé khan néu B c6 cic zero bén ngoai
vong tron don vi. Céc kho khan nay s€ tranh dugce ¢ bo diéu khién trung
binh di chuyén. B di¢u khién nay lam cho ngd ra c6 bac 16n hon (dy — 1).
B¢ diéu khien dugc dé xuat nhu sau: thira s6 B” va B trong B véi B” ¢6 céc
zero tat nhanh ( zero well — damped). Xac dinh R" va S’ tir :

AR + q'd

+ ok gk

0B’S" = B*'C
Phuong trinh 3.41 cho ta:

yt+d) =

(3.42)

Trong do:

*

R = R/B"

Vi ngd ra dugc diéu khién 12 mot qua trinh trung binh di chuyén véi bac (d
— 1) nén ching ta goi 1 diéu khién trung binh di chuyén. Chd y khéng ¢
zero ndo bi khir néu B* " = 1, ¢6 nghia d = bdc (A) = n.

Ca 2 luat diéu khién thay doi cuc tiéu va trung binh di chuyén dan dén mo
hinh twong duwong cua phuong trinh 3.41 va 3.42 . Sy khéc nhau duy nhét 12
0 gid tri cua d ma s€ diéu khién s zero ciia qud trinh bi khir. Véi d = dy =
Bac(A) - Bac(B) : tt ca zero bj khir. Vi d = Bac(A) : khong ¢ zero nao bi
khur.

Loc v6i A’ trong phuong trinh 3.38 ciing c6 thé tao ra md hinh ciia phuong
trinh 3.42 :

*

A,
d) =
yt+d) c

(3.43)

Néu B chira tat cé cdc zero on dinh cua hé thong thi né s& twong tmg nhu

bo diéu khién thay ddi cyc tiéu can tbi uu trong Astrom (1970)
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Bé tu chinh dinh thay d6i cue tiéu va trung binh di chuyén

Thuit toan 3.4 - Thuat todn tu chinh dinh truc tiép co ban

Dit ligu : Cho trudc khoang du bdo d. Goi k va I tuong tng 12 56 thdng sd
trongR vaS.
Bude 1: Udc lugng céc hé s6 cua dathac R" va S”

Yt +d)=R(q (1) + S (g )yft) + &t +d) (3.44)
trong d6 : R'(q HD=rg+ rg?+ . +ng™

S*(q '1) =50 + S1q Te 4 slq_l

Va
ur(t) = ! u(t)
T A
(1) = — t
Yr(1) IRCR) (1)

st dung cdc phuong trinh 3.25 — 3.28 voi

a1) = (1) - Rup(t—d)=S'y(1-d) = y(1) - ¢(1-d)f(1~1)
¢ = %[u(z). cou(t—k) y(t). .. y(t=1)]
Ay(g )
o7 = [ro... 7 So...51]
Budc 2: Tinh luat diéu khién
R (g u(t) = =S (q7")y() (3.45)
V6i R va S" duoc thay bang cac udc lugng tuong tmg trong budc 1.
Lip lai cdc budce 1 va 2 & mdi chu ki 14y mau.
Chu y: Thong sd1¢co tl}é udc lugng hogc gia st biét trudc. O cdc trudng
hop sau dé thuén lgi ta viét R* nhu sau:
R*(q']) =ro(l + rlqu1 +...+rk' q7")
Va su dung

at) = y(t) - ryuft—d)- ¢'(t-d)f(t-1)
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ol = ﬁ[rou(t—l)---rou(t—k) y(@) -y =1

’1 “ e )k 09

Mb hinh ¢ phuong trinh 3.41 va 3.42 dugc dién ta nhu 1a viéc thong sé hod
lai m6 hinh ¢ phwong trinh 3.24 . Ching twong déng véi mé hinh & phuong
trinh 3.44 trong thuat toan 3.4 néu Ay dugc chon bang C. Vector hdi qui
khong tuong quan voi sai so va phuong phdp udc lugng binh phuong t6i
thiéu s& hoi tu t6i théng s that. Mot két qua ddng kinh ngac la cung ty
chinh dinh chinh x4c khi Ao # C. Két qua sau chi ra cédc thong s tu chinh
dinh chinh xdc c6 gia tri twong dong véi thudt toan 3.4 khi A, # C.

Pinh li 3.1 - Tinh chit tiém cin

Xét thuat todn 3.4 v6i Ay =1 dung phuong phap udc lugng binh phuong
cuc tiéu. Thong so6 by = r, c6 thé c6 dinh hoac dugc udc lugng. Gia su
vector hdi qui ¢6 gidi han, va cdc woc luong 1a hoi tu. Hé théng vong kin

dat dugc trong diéu kién gidi han c6 dac diém
t+7)y()=0 T=d,d+1,..,d+1
Yyt +7)y(1) (3.46)
y(t+7)u()=0 t=d,d+1,..,d+k

trong do6 dau gach Chl gid tri trung binh theo thoi gian; k, I 1a sO céc thong
sO udc lugng trong R'vas".

Chirng minh: Mo hinh ctia phuong trinh 3.44 ¢6 thé duogc viét lai:

y(k+d) = ¢'(k)8+ gk + d)
va luat diéu khién tro thanh:
@" (k)0(k +d) = 0
Tai mot trang thdi cin bang, cdc thong sb udc luong 0 1a nhitng hing sb.

Hon nita, chiing thoa min cdc phuong trinh chuén, trong trudng hop nay
duoc viét lai nhu sau:

1 1¢ . A
;Z(p(k)y(k +d)= ;Z p(k)p" (k)(t + d)

Str dung luat diéu khién

Trang 336



Chuong 3 Diéu khién thich nghi

tlim%i(p(k)y(k +d) = lim%iq)(k)(pT (Ot +d) — O(k + d)]
A 2T ==t =

Néu thong s6 udc luong é(t) hoéi tu khi + — o, va cac vector hoi qui bi
giéi han thi vé phai s& tién t6i zero. Phuong trinh 3.46 by gio kéo theo
Ag = 1va xdc dinh vé sy hoi qui vector trong thuat todn 3.4

Pinh li 3.2 - Tinh chét tiém cin 2

Gia sir thuat todn 3.4 voi phuong phép wéc luong binh phwong cuc tiéu
duoc ap dung cho phuong trinh 3.24 va:

min(k,l)2n-1 (3.47)
C6 nghia tin hiéu ra 14 qu4 trinh c6 mirc trung binh di chuyén béac (d -1).

Néu cac udc lugng tiém can cua R va S lién quan vo6i nhau, nghiém trang
thai can bang la:

y+7)y(t) =0 T=d,d+1,.. (3.48)

Chimg minh: Hé thong vong kin duge mo ta nhu sau:
R'u(t) = —Sy(t)
A" y(t) = Bu(t—do) + C'e(t)
Vi vay
(AR + q “B'S)y = RCe
(AR + q “B'SHu = -SC'e
Tin hiéu ® dugc dinh nghia
AR + ¢ “BSHe

1]
@)
S

(3.49)
Vi vay:
y = Rwo va u=-Sw
Diéu kién cta phuong trinh 3.46 dua dén
Rat+7)y(t) =0 t=dd+1, .. d+1
Sat+7)y(t) =0 r=dd+1, .. d+k
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Co (1) =t +7) (1)

cdc phuong trinh trén ¢6 thé dugc viét lai:

ro "‘1 rz oo rk 0 oo 0
0 h h L o N
A C,,(d +k +1)
0 0 r, n r T, ) _ 0
0 0 ' -
So S 5 S C, ()
0 So S S, s,
_0 oo 0 SO sl s2 oo Sl_
Co(T) =0 T =dd+1,...,d+k+1
Ham tuong quan thoa man phuong trinh:
F(qg")Cax(t) = 0 T2>0

Hé théng phuong trinh 3.49 c6 bac
n+k = n+ max(kl)
Néu
k+ 1+ 1 =>2n+ max(k [)
hodc twong duong véi
min(k, /) > n—1
dan dén
Cof(t) =0 T=d d+1,..

la di€u can ching minh.

3.3.4 Két néi giira MRAS va STR

Céc hé thong thich nghi ding md hinh chuan tryc tiép da dugc dé cap trong
phén 3.2. Trong phu luc A (TLTK][1]) cling chi ra md hinh kem theo va dat
cuc la lién quan v6i nhau. Bay gio ching ta sé chuing té bo chinh dinh truc
tiép ding phuong phép dit cuc ¢ thuat todn 3.2 1a twong duong véi mot
MRAS. Trong truong hop nhiu xac dinh, khi B™ 12 hang s6, md hinh ciia
qua trinh dugc viét lai nhu sau:
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y1) = @p(t—dy)8

Trong thuét todn gidn tiép, cdc thong sé duoc udc luong bang cic thong sd
cua by chinh dinh. Phuong phdp binh phuong cuc tiéu dugc sir dung cho
viéc udc lugng va g(t) dugc viét lai:

1) = y(t) - ) = y(t) — @j(t—d,)é (3.50)
Thong ) cap nhat c6 thé duogc viét lai:
6(r) = 6t —1)+ P()@! (1 — d,)E(t) (3.51)

Chd y rang theo phuong trinh 3.50 thi
q); (t—d,)= —grad, &(t)

Vector (0; (r— do)dién ta nhu 1a dao ham cua do nhay. Viéc cdp nhat
thong sd & phuong trinh 3.51 12 mdt phién ban roi rac theo thoi gian cta
luat MIT. Sy khéc biét chinh 12 sai s6 mo hinh e(t) = y(t) - ym(t) duoc
thay b?lng gid tri thang du €(t) va do loi y & MRAS dugc thay béng ma tran
P(t) cho & phuong trinh 3.28. P 1am thay d6i hudéng cta gradient va tao ra
mot chiéu dai budce thich hop. Nguoc lai, luat MIT ciing c6 thé xem nhu 1a
mot thuat todn gradient dé cuc tidu e, phuong trinh 3.51 dugc xem nhu la
mot phuong phdp Newton dé cuc tiéu sz(t). Gié tri thang du € dugc xem
nhu s6 gia sai s6.

Chuy rang trong cdc ki thudt nhan dang nhu cic bd tu chinh dinh ching ta
thudng cd gang dat duoc mot kiéu mau tuong tu voi

y@) =
V6i phuong phap mé hinh chuan thi thudng xuyén chi c6 thé dat mot mo
hinhkiéu y(t) = G(p)(@}6)
Vi G(p) 1a SPR.

Vi du 3.15 - B tu chinh dinh tryc tiép véi thay doi cuc tiéu
M0 hinh cua qua trinh ¢ phuong trinh 3.44 1a :
yt+1) = ru(t) + s,y(t) + &t +1)
Gia sir 7, ¢ dinh t6i gid tri 7, = 1. Chd y diéu nay khac véi gid tri
that la bé‘mg 3. Thong s so duoc ude lvong dung phuong phap binh phuong
cuc tiéu.
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Luat diéu khién trd thanh:

u(t) = =2 y(r)

h
Mo phoéng cho vi du 3.15
Két qua mo phong duogc biéu dién ¢ hinh 3.17 va hinh 3.18

A
2
1
A A
50/f0
*q:\.b“.—\_r S AN
01 T T T T T
0 100 200 . 300 400 500
Time
Hinh 3.17

Hinh 3.17 biéu dién ti s6 §, / 1,, n6 nhanh chéng hoi tu dén mot gid tri coa

bo diéu khién thay d6i cuc tiéu toi uu tham chi 7, khong bang gia tri that

cua no.
A
6001
o 400
=
=
=" 200 STR
5 Optimal .
0 100 200 300 400 500
Timet
Hinh 3.18

Hinh 3.18 biéu dién ham ton hao khi ding bd tu chinh dinh va bo diéu
khién thay doi cyec tiéu toi uu.

3.3.5 Piéu khién du bao thich nghi

Thudt todn 3.4 1a cdch d¢ thyc hién mot b diéu khién voi tam dy bdo thay
doi. Bai toan diéu khién co ban la by di€u khién trung binh di chuyén. B
diéu khién trung binh di chuyén ciing c6 thé 4p dung dugc cho céac hé thong
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khong cuc tiéu pha nhu dugc minh hoa & phén “Bd chinh dinh truc tiép”.
Nhiéu cdch khéc dé c6 diéu khién du bdo s& duoc dé cap trong tai liéu, mot
vai trong s6 nay s& duoc thao luan va phan tich. Ciing nhu ddi véi cic thuat
todn trudc, xdc dinh bai toan diéu khién co ban 1a rat quan trong dé hiéu o
cdc tinh chat tiém can cua thudt toan. Trudce tién ta s€ phan tich truong hop
cic thong sb 1a biét trude.

Thuét todn diéu khién dy béo dya trén mot mo hinh cta qud trinh gia thuyét
va cdc tin hiéu diéu khién ¢ twong lai. Piéu niy tao ra mot chudi céc tin hiéu
diéu khién. Chi c6 mét tin hiéu dau tién 1a dugc 4p dung cho qua trinh va
mot chudi céc tin hiéu diéu khién méi dugce tinh toan khi thuc hién phép do
dac mai. Bay goi la b diéu khién 1ui tim (receding — horizon controller).

Du bao ngo ra

Y tudng co ban trong cdc thuat toan diéu khién du bédo 1a viét lai mo6 hinh
qud trinh dé c6 dugc mot biéu thirc rd rang cho ngd ra & mot thoi diem
tuong lai. Xét mo hinh :

A" (q)yt) = B (q”")u(t—dp) (3.52)
I= A (q)F(q") + ¢'Gulq™) (3.53)
Trong d6
bac(F )= d-1
bic(Gy) = n—1

Chi s6 d Ia tam dy bdo v6i d budc. Gia sit d > dy. Viéc dong nhat da thirc &
phuong trinh 3.52 dugc dung dé du bdo ngd ra & d budc phia trude. Vi vay :

Wt+d) = AF yt+d) + Gay(t) = BF qu(t+d—dy) + G 4y(t)
B (q)Fa(qg”") = Ralqg”) + ¢ """ R y(q”)

Bdc(R'y) = d-dy

Bdc(R g = n-2

Céc hé s6 cia R’y 1a nhimg gidi han d —dp + 1 dau tién cia ddp ing xung
ctia h¢ thong vong ho. Didu ndy c6 thé thay nhu sau:

GBI = B e O
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B (¢ )G, (@) _(d+d,y

= ¢ "Ry(g)+ q "V R (@) + — (3.54)
A(g)
Yt+d)= Ry(qg") ut+d—do) + Ry(q")u(t=1) +Ga(qg™") y(t)
= Ry(g)u(t+d-dy) + y,(1) (3.55)
R,(q¢")u(t + d —dp) phu thudc vao u(t), . .., u(t + d — do), y,(t) 1a ham

cta u(t — 1), u(t — 2),... va y(), y(t -1)...Bién y,(t) dugc hiéu nhu la diéu
kién du bdo cua y(t + d) vo1 gid st u(t) va cdc tin hiéu diéu khién tuong lai
1a zero. Ngo ra ¢ thoi diém (t + d) vi vay phu thugc vao cdc tin hiéu diéu
khién tuong lai ( néu d > dp), tin hiéu diéu khién, cdc ngd vao va ngo ra o
thoi diém trude. Cling c6 thé gia st tin hiéu diéu khién duy tri hang so:

u(t) = u(t+d)= ... = u(t+d-dp) (3.56)

Cach khac dé xéc dinh luét diéu khién 1a mang y(t + d) dén mot gia tri mong
mubn trong khi cyc tiéu muc tiéu diéu khién theo tim du béo:

t+d

Zu(k)z (3.57)

Pi¢u khién khong thay doi theo thoi gian:
Chon ngd ra duoc du bdo bang véi ngd ra mong mudn yy, va gia sir van giir
phuong trinh 3.56 :

[R'a1) +q 7' Ry (¢ )Iu(t) + G'a(q™") )(1) = yu(t + d)
Lut diéu khién 1
Yt +d) =G, (g )y

R,(D+R;(¢ g

Tl”n hiéu diéu khién nay s€ dugc su dung cho gué trinh. O 1an léy mau }(é
tiép, mot phép do mai dat dqqc Véqluét diéuﬁkhién 0 3.58 duogc st dung ti€p.
Chu y gia tri cua tin hiu di€u khién thay doi theo thoi gian chir khong phai
co dinh. Ovdﬁy ta sir dung qui tac di€u khién lui tam. Chad y luat diéu khién
la khong doi nguoc voi bo dieu khién LQ c6 dinh tam.

u(t) = (3.58)

Bay gio chung ta s€ phan tich h¢ thdng vong kin khi sir dung phuong trinh
3.58 dé diéu khién quad trinh 3.52.Viéc thyc hién cac phép tinh & todn tur sai
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phan tdi 1a can thiét dé c6 thé quan sét cdc cyc ban dau. Phuong trinh 3.53
dugc viét lai theo todn tir sai phan tdi nhu sau:

g"* """ = A(q)Fdq) + Galq) (3.59)
Da thirc dac tinh ctia h¢ thong vong kin la:
P(q) = A(q)[q" 'R«1) + R,(q) ] + Ga(q) B(q)
Bdc(P) = Bdc(A)+n-1 = 2n-1
Phuong trinh thiét ké 3.59 c6 thé duoc su dung dé viét lai ham P(q):
B(q)q"* """ = A(q) B(g)Fd(q) + Ga(q) B(q)
= A(g)lq" 'Ra(q) + R,(q)] + Ga(q)B(q)
Vi vay :
A(q) R,(q) + Ga(q)B(q) = B(g)q" """ -A(q)g" 'Ru(q)
Cho ta:
P(q) = q" 'A(@)R«(1) + q" 'I4" B(q) - A(q)Rd(q)]
Néu h¢ thong 6n dinh thi cic s6 hang phia sau ctuia 3.54 s€ bién mat khi
d > oo,
Do dé: lim P(q) = q" TA(q)R41) néu A(z) 1a mot da thire 6n dinh.

Vi du 3.16 - Piéu khién du bao
Xét qua trinh :

y(t+1) = ay(t) + bu(t)
Phuong trinh 3.59 cho ta :

q" = (qg-a)qg’ " +fig T+ ) + g
Vi vay:

F(g) = qd*1 + aqd72+a2qd73 +... +a%!

G(g) =a’

Ra(q) = bF(q)

R,(q) = 0

va khi y,, = 0, luat diéu khién tr¢ thanh:
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a’ a’(a—1
= attay’ ™= b(cf" —1; Y0
Phuong trinh dic tinh ctia hé thong vong kin 1a:
P@) = g-a + <1070
a® -1
¢ cuc:
a’ —a
pa = a’ -1
Vi tri cua cuc dugc cho boi:
0<pi<a la | <1 (hé théng bn dinh)
0<py<l la | >1 (hé théng khong én dinh)

Cuc vong kin véi cdc gid tri khac nhau cua a va b dugc chi ¢ hinh sau:

Paj

1.5
1

0.51
O - T T 1—>
0 S 10 15 20 d

Vi du ciing cho thdy dé viéc quan sat 12 ddy du thi tam dy béo phai tir 5 — 10
méu.

Ciing c6 thé tong quat hod két qua & vi du 3.16 cho cédc hé thong bac cao
hon. Pdi v6i cic hé thong thay doi chdm hodc khéng on dinh thi ddp tng
vong kin ctia né s& rat cham khi ting tam dy bdo. Vi vdy gi6i han ¢ (3.56)
khi d6 s& 1a khong hiru ich.

NG lue diéu khién cuc tiéu

Thuét todn diéu khién 13 s& mang y(t + d) t01 ym(t + d) trong khi cyc tiéu
phuong trinh 3.57 . Phuong trinh 3.55 duoc viét lai:
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Wt+d) = Raqu(t+d-dp) + 3,(1)
= rg u(t+ 0) + ..+ rgu(t) + Y, (1)
U = d — dp. Gi61 thi¢u ham Lagrange:
2T =u(t)’ + ...+ u(t+ 0P + 24 yu(t +d) - ,(0)- R'a(q ") u(t + v)]
Cho dao ham riéng ddi vé6i cdc bién u(t), . . . ,u(t +v) va A béng 0 ta duoc:
u(t) = Argy

ult+v) = Ary,
ym(t+d)- y, () = rou(t+ ) +...+ rapu(t)
Céc phuong trinh nay cho ta:

Yu+d)=y,(1)

u(t) =

trong do:

C 2
>r
/’l — i=0 l

Fay

Str dung dinh nghia y,(¢) cho ta:

tu(t) = yu(t+d) - R u(t—1)- G,y(t)
hodc
y, (t+d)—G,y(t) _ y, (t+d+n-1)-G,(q)y(t)
“+q 'R, Hq"" + R, (q)

Str dung phuong trinh 3.60 va md hinh cua phuong trinh 3.52 cho da thuc
ddc tinh vong kin:

P(q) = A(q)[q" "1 + R,(q)] + Galq)B(q)

Phuong trinh nay c6 dang nhu 3.58 vdi Re(1) dugc thay bang . Diéuvnay co
nghia cdc cuc vong kin tién gan tdi zero cua q "~ 'A(q) khi A(q) 1a 6n dinh

u(t) =

(3.60)
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va khi d — oo. Didu gi s& xdy ra khi hé thong khéng 6n dinh Hay xét vi du
sau day:

Vi du 3.17 - Piéu khién nd lwe cuc tiéu

Xét hé théng tuong ty nhu vi du 3.16 . B diéu khién nd luc cuc tiéu trong
truong hop nay dugc cho boi:

y = b1+a2+...+a2(d_1) _ b(a* 1)
ad*l ad*l (aZ _1)
cho ta ( khi y,, =0)
d 2d-1 2
a a“ (a1
uft) = - —vy(t) = - ——————— t
(1) ﬂy() b 1) y(1)
Cuc cta hé thong vong kin 1a:
2! (a2 -1 a¥ ' —a
pa = - a* -1 - a* -1
cho ta:
lim pa = a la| <1 (héthéng on dinh)
lim pg = 1/a |a|] > 1 (hé théng khong On dinh)

O vi du nay, bo diéu khién no luc cyc ti€u sé tao ra mot hé thong vong kin
tot hon néu di€u khién twong lai duogc gia sir 1a hang so.

Dieu khién du bao tong quat:

Céc b0 dieu khién du bdo dé cap tu trudc chi xem xét gid tri ngd ra chi &
mot thoi diém ¢ tuong lai. Nhicu tong quat hod khac nhau cua diéu khién dy
bdo dugc dé xuat ma trong d6 ham ton hao la cuc ti€u:

J(N;, N3, N,) = E{Zz:[y(t+k)—ym(t+k)]2+Zu:pAu(t+k—1)2} (3.61)

k=N, k=1
Trong d6 A=1-q 112 todn ttr vi phan. Sy lgya chon céc gid tri khac nhau
cta Ny, Na, N, s€ dua ra cdc phuong phédp khéc nhau.

Phuong phap diéu khién du bdo tong quét duoc minh hoa bang cich ding
ham t6n hao 3.60 va md hinh qua trinh:

A(@y(t) = B(q )u(t—do) + e(t)/ A (3.62)
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M6 hinh nay duoc goi la CARIMA ( Controlled AutoRegressive
Intergrating Moving Average). N6 ¢6 thuan 1oi 1a bo di€u khién ban than s&
chira mot khau tich phan. Giong nhu phuong trinh 3.53 ta c6 dong nhat:
L= A@QFuq )N1~q") + ¢“Galqg™") (3.63)

Cong thirc nay duoc sir dung dé xdc dinh ngd ra ¢ d bude ké tiép:

Wt+d) = FuB Au(t+d—dy)+ G ay(t) + F ge(t +d)
F'qc bacd -1. B du bdo voi sai 5O quan phuong t6i wu v6i ngd ra duge do
dac dén thoi diém t va chuoi ngd vao bat ki la:

$(t+d) = F 4B Au(t+d—dy)+ G gy(t) (3.64)
Gia sir dau ra mong mudn yn(t + k), k = 1, 2, ...1a ¢6 san. Ham ton hao &
3.61 s& dugc cuc tiéu dé cho ra mot chudi cic t1n hiéu diéu khién & tuong
lai. Chu y gid tri mong doi ¢ 3.61 s€ c6 dugc twong ng voi dir liéu co duge
t6i thoi diém t voi gia su céc do dac ¢ tuong lai khong c6 san. Didu nay c6
nghia chi c6 thura so6 dau tién cua chudi diéu khién la‘du’(_yc qsu’ dung’ Cac
phép todn s¢€ lap }ai khiq co giu’(_)’c’ m(f?t do dac mdi. B diéu khién véi két qua
nhu thé goi 1a di€u khién hoi tiép t61 uu vong ho. Nhu tén cua no, gia sur st
dung hoi tiép nhung né chi dugc tinh todn chi dya vao thdng tin ¢6 san ¢
thoi diém hién tai. Dung phuong trinh 3.55 :

Yit+1) = Ry(q™ ") Au(t+1—dy) + 3,(t) + File(t + 1)
Yi+2) = Roq™ ) Au(t +2—dp) + ,(1) + F2le(t +2)

Y(t+N) = R'Nq ') Au(t + N=dy) + ¥, (t)+ F, e(t + N)

MGdi gia tri ngd ra bao gdm céc tin hiéu diéu khién & twong lai ( néu d > d),
ngd vao do duge va tin hiu nhiu ¢ tuong lai. Céc phuong trinh ¢ trén c6
the duoc viét lai:
y=R4Au + y + e
trong do:
y=[t+1)...yt+N]J"
Au = [Au(t+1—dp)... Adu(t + N—dy)]"

= [Yit)... yn)]"
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e = [File(t+1)... Foe(t+N)]"

Tir phwong trinh 3.54 ta thiy cdc hé sb ctia R chinh 1a (d — dy + 1) s6 hang
dau cua dap ung xung ¢ “9B’/ (A" A) va ciing gidng nhu (d — dp +1) s6 hang

dau cua ddp ung budc g 0B’/ A" Do d6 ma trn R 12 ma trdn tam gidc

dudi:
T, 0 0
n T 0
R =
'yoy Tyvoo 0 hy

Néu hé thong c6 thoi gian tré (dy > 1) thi (dy — 1) hang dau cua R sé 1a zero.
Goi:

Y = [t + 1) yu(t + N)J"
Gid tri mong doi ctia ham tén hao duogc viét lai:
JL,N.N) = E{(y=yn)'(y=yn) + pAu’ Auj
= (RAu + y- ym)T(RAu + V- ym) + pAuTAu

Cuec tiéu ho4 biéu thirc nay theo Au ta duogc:
Au = (R'R + p1) 'Ri(yn-¥) (3.65)
Thanh phan ddu trong Au 1 Au(t) 13 tin hi¢u diéu khién @mg dung cho h¢
thong. Chu y bo di€u khién ty dong c6 mét khéu tich phan. Di€u nay la can
thiét dé bu cho s6 hang nhi€u sai léch & phuong trinh 3.62
Vi€c tinh toan phuong trinh 3.65 lién quan to1 ma trén nghich dao NxN, ma
N la tam dy bao cua ham ton hao. D€ giam khoi luong tinh todn thi ta c6 thé
gi61 han céc tin hiéu diu khién ¢ tuong lai. Chang han, ta gia st viéc tang
tin hi¢u diéu khién la bang zero sau N, budc (N, < N):
Au(t+k-1) = 0 voik > N,
Diéu ndy ¢6 nghia tin hiéu diéu khién sau N, budc s& 12 hang sd. So sanh
voi diéu kién khong ché ¢ phuong trinh 3.57 . Luat diéu khién ( phuong
trinh 3.65) sé thay doi:
du=(R\Ry + p1) 'R (yn-¥) (3.66)

R; Ia ma tran NxN,
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T, 0 0
r1 T 0
R1 =
To
| v-1 -2 0 Ty, |

Ma tran ldy nghich dao bay gid ¢6 bac N,xN,. Ngo ra va cdc tam diéu khién
duoc chon nhu sau:

N;: Néu thoi gian tré biét trudce thi N = do, nguoc lai chon Ny = 1.

N,: Tam ngo ra cuc dai N, dugc chon sao cho Nh cé gid tri bé‘mg voi thoi
gian 1€n cua hé thong, trong d6 h 1a thoi gian 1ay mau cua bd diéu khién.

Nu: Thuong Ny = 1 s& c6 duoc két qua tot ddi véi nhirng h¢ thong don gian.

Déi véi cac hé thong phirc tap, Ny it nhét phai bang véi s6 cuc khong 6n
dinh hodc s6 cuc gy dao dong tit yéu.

Dé bo diéu khién dy bdo tong quat c6 kha nang thich nghi thi diéu can thiét
12 phai u6c luong A” va B™ & mdi budce thoi gian. Céc gid tri du bdo ing voi
cdc tam dy bdo khdc nhau s& duoc tinh todn va tinh tin hi¢u diéu khién &
phuong trinh 3.66 . Bo diéu khién du bdo thich nghi vi vay s€ la mot thuat
todn diéu khién gidn tiép. Phuong trinh 3.64 duoc tinh bang céch dé qui de
don gian khoi luong tinh toan.Cudi ciing, N, thudng c6 gid tri nho dé ma
tran nghich ddo c6 bac thap.

Tin higu diéu khién Au(t) tir phuong trinh 3.66 la:
=[10...0] [R'Ri + p1] 'R\ [yn- 5]
=[aq.. . o] [yn- Y]
Hon nira, tr phuong trinh 3.62 , sir dung phuong trinh 3.54

_ _EI*A*A oW LG
R'Au(t-1) + G y@) 5 4 !
y = : = : y(©)
RyAu (t —1)+ G, y(1) R;fi*A qdo_l +G.
B ]

He¢ thong vong kin ¢6 phuong trinh dic tinh:
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RA'A g™ +BG]
A'A + [0 ...0x] :
RyA'Ag"" +BG}
Pong nhat phuong trinh 3.63 cho ta:
B = A'ABF, + ¢ ‘G,/'B
= A'AR, +q 4 IR+ g GB
Diéu nay cho ta phuong trinh dic tinh:
(B"—A"AR)q
AA + [0y ...0n] :
(B —A'AR,)q"

N
= A'A + Y g (B-A'AR)) (3.67)

i=1

Phuong trinh 3.67 cho ra mét biéu thirc ciia phuong trinh dic tinh vong kin
nhung van con khé khan dé dua ra mot két luan tong quat vé tinh chat ctua
hé thong vong kin ngay ca khi qua trinh da biét trude.

Néu N, =1 thi:

7;
N
2
+ 07
i=1

Néu p da 16n, hé théng vong kin s& khong on dinh khi hé¢ thong vong ho
khong 6n dinh. Tuy nhién néu ca 2 tdm diéu khién va tim du bdo déu ting
thi bai todn s& twong ty nhu bai todn diéu khién LQ vdi tim c¢b dinh va do
d6 né sé& c6 dac tinh on dinh tot hon.

o =

3.3.6 Két luan

Trong phan niy ching ta da xem xét nhiéu bo tu chinh dinh khac nhau. Y
tudéng co ban 1a udc lugng cic thong sb chua biét ciia hé thong va thiét ké
bd diéu khién. Céc thong s6 u6c luong gia st béng v6i thong sé thuc khi
thiét ké bo diéu khién. Thinh thoang cling bao gom céc uoc luong chua chic
chan vao trong thiét ké. Bang cach két hop cdc phuong phap woc luong khic
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nhau va cdc phuong phdp thiét ké khéc nhau ta s& c6 duoc cic bd ty chinh
v6i cdc tinh chit khdc nhau. Trong phan niy ta chi dé cap y tudng co ban va
cdc tinh chét tiém can. Tinh hoi ty cla wéc lugng va tinh 6n dinh cua hé
théng s€ duoc thao luan trong chuong 6 (TLTK[1]).

Khia canh quan trong nhét cia céc bd tu chinh dinh 1a dua ra céc thong s6
hod. M¢t thong s6 hod lai c¢6 thé dat duoc b?lng céch st dung md hinh hé
théng va ddp ung vong kin mong mubn. Muc tiéu cua viéc thong s0 hod lai
1a @é thyc hién udc lugng truc tiép cdc thong sd ctia bo diéu khién sao cho
md hinh méi tuyén tinh véi céc thong sd.

Chi c6 vai thuat todn ty chinh dinh dugc dé cap va giai quyet trong phan
nay. Viéc két hop cdc phuong phép udc luong khdc nhau va van dé thiét ké
co ban s€ tao ra cac thuat toan voi cac tinh chéat khdc nhau. Muc ti€u cua
phan nay 14 dwa ra mot cam nhan céch phat trién va phan tich céc thuat toan.
Khi thye hién mot b tu chinh  thi viéc lya chon bai toan thiét ké co ban Ia
rit quan trong. Mot phuong phap thiét ké ma khong phu hop cho hé théng
biét trudc thi ciing s& khong tot hon khi hé théng chwa biét trudc.

Bo tu chinh dinh cing c6 kha nang dp dung cho cic hé thdng MIMO.
Truong hop MIMO la rat khé dé phan tich. Kho khan chinh 1a xic dinh
duoc kién thtrc dau tién can thiét trong h¢ MIMO Ia gi.

Ciing twong d6i don gian khi dua ra mot thuat todn tu chinh tuong Gmg véi
bd tu chinh dinh truc tiép tong quat ¢ cac truong hgp han ché khi cic ma
tran tuong tac cua hé thong da bict trudc.

3.4 Chinh dinh ty dong va lich trinh do loi

3.4.1 Gi6i thi¢u

1. Chinh dinh va thich nghi

2. Kién thirc dau tién

3. Gid tri ban dau ctia b didu khién thich nghi

4. Diéu khién PID

5. C4c van d van hanh

6. Giao tiép diéu khién

Mot loai dac biét cua thich nghi vong hé hay sy thay d6i cdc tham s6 bo
diéu chinh dugc dé cap trong phan nay. Trong nhiéu truong hop, co thé biét
dugc sy thay d6i dong hoc cua qué trinh theo cic diéu kién van hanh.

Nguon goc cua sy thay doi dong hoc c6 thé 1a tinh phi tuyen C6 thé thay
ddi tham sd cua bo diéu khién bang céch giam sat cac diéu kién van hanh
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cua qud trinh. Khdi niém nay goi 1a lich trinh d¢ loi, vi md hinh dau tién

dugc str dung chi dé diéu chinh d loi ctia qu4 trinh.

3.4.2 Ky thuit chinh dinh
1. Phuong phdp Zeigler — Nichols
Luat diéu khién PID:

1 de
u(t) = K |e(t) + n { e(s)ds + T, Z}

2. Phuwong phdp ddp vng qud do
Mo hinh 3 théng sb:
k —sL
e
1 + sT

! L

G(s) =

Phuong phép ddp (e nic:

063k

B
-

a Théi gian

‘\.\
[}
¥
[
¥

Phuong phap Zeigler — Nichols:

Bo diéukhién | aK. | Ti/L | T¢/L | T,/L
P 1 4
PI 0.9 3 5.7
PID 1.2 2 0.5 3.4
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Nhirng khé khan ddi véi phuong phap Zeigler — Nichols:

- Khé xéc dinh cdc thong sb
- Tat qud cham

- Hai thong s thi khong du
Phuong phép dién tich:

kT
% e e
7/ AT Tz%

+T

L 4

3. Phwong phdp ddp iing tan sé

Y tuong: Cho chay bo diéu khién ti 18, tang d¢ lgi cho dén khi hé thong bat
dau dao dong. Quan sat “Do loi K, gioi han” va “Chu ky gidi han T, ™.

Lap lai: X4c dinh dac tinh dép ung tan so.

\
v

G(jm)
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Céc thong so bo dicu khién:

B¢ dicukhién | Ko/ Ky | Ti/ Ty | Ta/Ty | T,/ T,
P 0.5 1
PI 0.4 0.8 1.4
PID 0.6 0.5 0.12 0.85
Thuc nghiém:
—p{ PID
A 1
—| Qui trinh 2
T
—p| Relay
-1

Két qua thye té
- Thong tin biét trudc?

- Bit du thyc nghiém nhu thé nao?

- Hoi tiép dén bién do gidi han ctia dao dong.

- Hi€u chinh luat Zeigler — Nichols:

e Thay di céc gid tri trong bang.

® Sur dung 3 thong $6: Ky, T, va K.

- Lam sao dé dwong dau voi nhiéu duge

e Nhiéu tai
e Nhiéu do

o Tur tré
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Sw Lip lai truc tuyén
Y tuwong: Tim cdc nét dic trung cua dép Gmg truc tuyén ddi v6i diém dat
hodc cac nhiéu tai.

Hiéu chinh bg diéu khién dya trén c4c ddc tinh quan sat dugc.

A
€1
e \ /\
\/ N\ "
€2
Pic tinh: hé s6 tit & va do vot 16 o
e, —e e
f _ 5 2 o= -2
€ —6 €

Bo diéu khién hiéu chinh dya trén lut thir va sai.
D& dang d6i v6i PI va khé khan hon dbi voi PID.
e Thong tin biét trudc
e Tién chinh dinh

3.4.3 Lich trinh d6 loi
Vi du céc bién lich trinh
e Tc d6 san xuit

e Tdc 6 mdy

® S4 ti 18 va dp luc dong

Thinh thoang c6 thé tim thy nhitng bién ddi phu c6é twong quan tdt véi
nhiing thay ddi ctia qud trinh dong hoc. Vi thé c6 thé lam gidm anh hudng
ctia tham s bién dong chi don gian bang viéc thay d6i tham sd cta bo diéu
chinh nhu cdc ham cua céc bién phu (xem hinh 3.10)
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Céc thong sd
bd diéu khién

i i Diéu
Lich trinh

do loi kién van
Tin hiéu hanh
vao l ‘
’| Bo didu khién p| Qud Ngo ra
" trinh >
Tin hi¢u

diéu khién

Hinh 3.20 M6 hinh lich trinh do loi

Lich trinh d6 10i c¢6 thé dugc xem nhu hé théng diéu khién hoi tiép ma do
1oi hoi tiép dugc chinh bdi bo bu dugc cung cap trudce.

U'u, khuyét diém cia lich trinh dd loi

Mit han ché cia lich trinh d6 1oi 1a but vong hé. Khong c¢6 héi tiép dé bui cho
sai s0 lich trinh. Han ché khdc cua lich trinh d6 loi 1a viée thiét ké tén nhiéu
thoi gian. Tham s6 bo diéu chinh phai dugc chon cho nhiéu diéu kién van
hanh va dic tinh ki thuat phai duoc kiém tra bang nhiéu qua trinh md phong.
Nhing khé khan nay tranh dugc néu lich trinh dya vao cdc phép chuyén doi
phi tuyén.

Lich trinh d6 1¢i ¢6 uu diém 1a c4c tham sé bd didu chinh c6 thé dép Gmg rat
nhanh véi su thay doi ctia qué trinh. Khi khong c¢6 udc luong tham sd, nhan
t6 gidi han phu thudc vao tdc do dép ung céc phép do phu véi sy thay ddi
cua qua trinh.

3.4.4 Xay dung lich trinh
e Lua chon céc bién lich trinh

e Hoan thién viéc thiét ké diéu khién cho nhiing diéu kién van hanh khac
nhau.

¢ Str dung viéc chinh dinh tu dong.

e Su bién doi.
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That khé dé tim ludt chung cho viéc thiét ké b diéu chinh theo lich trinh d6
loi. Véan d& chinh 1a viéc quyét dinh cdc bién str dung lam bién lich trinh. RS
rang céc tin hiéu phy phai phan 4nh diéu kién van hanh ciia d6i twong. S& c6
nhimg trinh bay Ii twong don gian cho céc tham sé bo diéu chinh lién quan
dén cac bién lich trinh. Vi thé can c6 kién thirc tot vé hé dong hoc cua qua
trinh néu lich trinh d6 loi dugc sir dung. Cdc khdi niém tong qudt sau ¢ thé
phuc vu cho muc dich nay.

- Tuyén tinh hod co c4u din dong phi tuyén.

Lap trinh d¢ l¢i dya vao do dac cac bién phu

- Van hanh dya vao hiéu suét
- Céc phép bién d6i phi tuyén.

C4c khai niém nay dugc minh hoa trong céc vi du sau.

Vidu 3.18
Xem hé théng voi 1 valse phi tuyén.Tfnh phi tuyén duoc gia su la:
v:f(u)=u4 ,u =0
______________ :
| Qua trinh :
| .
|
Yr PI Cyl s f Yy Go(s) 2
| .
L ____1
-1 e
Hinh (a)

bat f ! 1a ham nguoc xap xi cta dic tinh valse. Pé bu cho tinh phi tuyén,
ngd ra cua bd diéu chinh dugc cung cdp thong qua ham nay trude khi né
dugc dp vao valse (xem hinh (a)). tacéquanhé¢: v = flu) = f[f ()]

Vi ¢ 1a ngd ra ctia bo diéu chinh PL Ham f [ £ ~'(c)] ¢6 d6 loi it thay déi
hon ham f.

Néu f ~' chinh x4c 12 ham nguoc cua f thi: v = c. Gia su f(u) = u? duoc
Xap xi boi 2 duong thang: mot duong ndi tir diém (0 , 0) dén diém (1.3 , 3)
va dudng thang thir hai ndi giita 2 diém (1.3, 3) va (2, 16), dugc vé trong
hinh (b) .
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AV
20
15 — ]?
10 —
5 — f
> u
0 [ I I I
0.5 1 1.5 2
Hinh (b)
A
K
0.3
y
0.2 R
I I I I I -
0 20 40 60 80 100
A
K
1.1
1 | -
I I I I I -
0 20 40 60 80 100
A
K
5.1
y
5 | -
I I I I I -
0 20 40 60 80 100
Hinh (¢)

Trang 358



Chuong 3 Diéu khién thich nghi

Khi do:
0.433¢ ,0Zc¢<L3

F e =
0.0538¢ + 1.139 , 3<5c¢<16

Hinh (c) cho thy su thay d6i ctia ddp Gmg qud do tai 3 diéu kién van hanh
khic nhau khi st dung ham f ~! nhu hinh (a) . Ta théy dac tuyén cua hé
thong vong kin 1a rat t6t. Ding ham nguoc f ~! trong hé thong sé& cho dap
{rmg bang phang hon trong cdc bai toan diéu khién valse phi tuyén.

Vi du trén da cho thay tinh don gian va tién dung trong viéc bu cho hé
thong phi tuyén tinh biét trudc. Trong thuc té thuong xap xi hé phi tuyén
bang mot vai doan thang (nhiéu hon 2). C6 nhiéu bd diéu khién vong don
thuong mai str dung phuong phép bu nay. Trong vi du trén khong c6 s do

dac nao cia diéu kién van hanh ngoai trir viée diéu chinh ngd ra. Trong cac
truong hop khéc, tinh phi tuyén dugc xéc dinh tir sy do dac mot vai bién sd.

3.4.5 Ung dung

Lich trinh d¢ loi 1a phuong phép rat hitu dung. N6 yéu cau phai c6 kién thic
t6t vé qud trinh va céc bién phu c6 thé duge do dac. Mot thuan loi 16n ctia
phuong phép nay la bo diéu chinh thich nghi (d4p tng) nhanh khi cac diéu
kién thay d6i. Mot sb Umg dung nhu: dinh hudng cho tau, kiém soat ndng do
pH, kiém sodt khi ddt, diéu khién dong co va diéu khién bay.

Pac diém cua van

Dong chay
A M¢ nhanh

tuyén finh

MG tinh theo %

> Vi tri
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Pac tinh van phu thudc vao viéc cai dat.

A

—
—

Lich trinh cho ngé ra b diéu khién

D

Lich trinh cho bién qua trinh
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Lich trinh cho bién ngoai

3.4.6 Két luan

Lich trinh d6 loi 1a céch tét dé bu cho dic tinh phi tuyén biét trude. BO diéu
chinh c6 thé phan Ung nhanh voi sy thay do6i cua cac diéu kién. Mit han ché
cua ki thudt nay la thiét ké ton nhiéu thoi gian néu khong ding phép chuyen
doi phi tuyén va ty dong chinh dinh. Mt han ché khdc 1a cic tham so diéu
khién duoc thay ddi trong vong hd, khong c6 hoi tiép tir ddc tinh 1am viéc
ctia hé thong. Phuong phép nay khong thé ding dugc néu dic tinh dong hoc
ctia qué trinh hodc nhidu khong dugc biét trudc day du, chinh xdc.

3.5. Piéu khién mo thich nghi (Adaptive Fuzzy Control)

Trong thyuc té, hau nhu cdc ddi twong déu c6 thong sb thay d6i khong du
dodn trudc dugc do anh hudng cia diéu kién 1am viéc. Néu ta chi ding cic
b6 diéu khién mo khong thich nghi (da dé cap trong phan 1.2.5_chuong 1)
dé diéu khlen hé thong thi s& khong khong ché tét ddi tugng. Vi vay, didu
khién mo can phai c6 tinh thich nghi dé tao nén mot hé thong diéu khién
trong d6 théng sb va ciu tric ciia by dicu khién thay doi trong qua trinh van
hanh nham gitr vitng chit luong diéu khién ctia hé thong khi ¢6 sy hién dién
ctia cic yéu t6 bat dinh ciing nhu sy thay d6i thong s6 trong hé thong.

So v6i didu khién mo khong thich nghi thi didu khién mo thich nghi c6
nhiing vu diém va khuyét diém sau:
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- Uu diém:
o Kha ning thich nghi t6t do né c6 thé ti diéu chinh dé thich
nghi véi sy thay doi ciia méi truong.
o Khong can thong tin ddy du vé dbi twong do ludt thich nghi
s& tu hoc céc thudc tinh dong cta ddi twong trong qud trinh
van hanh.

- Khuyét diém:
o Rat khé trong viéc phan tich két qua diéu khién vi tinh phi
tuyén va sy thay doi lién tuc theo thoi gian cia hé thong.
o Chi phi lap dat cao hon.

® Mo hinh co ban cua BPK mo thich nghi:

Mo hinh tham chiéu

\ 4

B0 diéu khién mo

Luat thich nghi
Hinh 3.21 6 =h(6,e)

Trong dé:
- M0 hinh tham chiéu: x4c dinh ddp tng mong doi cta hé thng.
- Ddi tuong: chira cdc thanh phan thong sb va ciu tric chua biét.
- B0 diéu khién mo: 1a hé thong mo véi théng s6 @ diéu chinh duoc.

- Luat thich nghi: ding diéu chinh thong sé @ sao cho ngd ra cua d6i
tuong y(t) tién dén ngod ra yy,(t) cua mo hinh tham chiéu.

3.5.1. Piéu khién hoi tiép tuyén tinh hoa:

Xét bai toan diéu khién hé phi tuyén SISO bac n ¢6 quan hé vao/ra duoc md
ta bdi phuong trinh vi phan sau:
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= £, %, %, ..., x" ")+ g(x, %, X%, ..., x" ) u(x) (3.68)
y=x (3.69)
Trong dé: )
fi(x) va g(x) la hai ham mé ta doi twong chua dwoc xdc dinh ré rang
ue Rladau vao, y € R 1a dau ra, q
i X = (X1,X2,.. .,xn)T la vécto trang théi (gia st 1a c6 thé do dugrc)
bé hé tbéng 0 (3.68) diéurkhién duogc, ching ta can c6 g(x)#0.
Gia thiét g(x) > 0 va ta biét dugc chan trén, chan dudi cua g(x):
0<g(x) = g(x) =< g(x)<eo (3.70)
Gia thiét toc d¢ bién thién ciia g(x) bi chin, tirc 12 ton tai ham Dy(x) lién tuc
sao cho |¢(x)|< D, (x). Bai todn dit ra la thiét ké b diéu khién hoi tiép
trang thai dé 14i ngd ra y ctia d6i tuong bam theo qui dao mong mudn yp.
Hay noi cach khdc 1a phai giam t61 da sai so gitra ngd ra doi tugng va ngo ra
cua mod hinh tham chiéu.
Do d6 ta dat :

" =y —y=y, —X véi e=(e,é,...,e" ")
" k=(k,,k, k)
Céc hé sd k; duoc chon nhu sau:
AGs)=s" + ks 4k, ,s+k, (3.71)

Pa thiic trén duoc goi 1a da thirc Hurwitz, nghia 1 tit ca nghiém cta
phuong trinh A(s) = 0 déu nam bén trai mat phang phic.
Ta chon luat diéu khién nhu sau:

=—[ F)+ 3 +kTe] (3.72)

Thay (3.72) vao (3.68) ta c6 dugc :
e™ +k, e +..+ke=0

Ta s€ chon k sao cho e(t) — 0 khit — co. Vakhi a ay yt) =y, tuc 1a tin hiéu
y(t) tiém can bam theo tin hidu chuan yy(t) véi sai s6 bang 0.
Tuy nhién do f(x) va g(x) la ham chua biét nén bo diéu khién 1y tudng
3. 72) khong thé thuc hién duoc. Bai todn dat ra 1a nhén dang luat diéu
khién (3. 72). C6 hai cach dé giai quyét bai todn trén:
> Diéu khién thich nghi mo gian tlep nhan dang tryc tiép f(x) va g(x)
va dya vao két qua nhan dang d6 de tinh u’ (t).
> Diéu khién thlch nghi mo tryc tiép: nhan dang tryc tiép luat diéu
khién ly tuong u (t)
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Ngoai ra, ta cling ¢6 thé sir dung phéi hop ca 2 cach trén. Day goi 1a phuong
phép diéu khién thich nghi mé hdn hop.

3.5.2. Thiét ké BDK mo thich nghi gian tiép

Ym

Déi tuong
X =f(x)+g(x)u, y=x

BDK mo
u, =[=f(x16)+y," +k"el/ §(x16,)

A

A

6; 6,
Pidu kién Luat thich nghi
ban dau 0, =—ye' Pb& <
6/(0), 6,(0) g 9g =—y,e' Pbru,

Hinh 3.22: Hé théng DK mo thich nghi gidn tiép

e Pit vin dé:

Cho mét dbi tugng phi tuyén c6 phuong trinh trang thdi nhu (3.68)

Muc tiéu ctia viéc diéu khién 1a thiét ké mét tin hiéu diéu khién hdi tiép u
= u (x| 8) va luat thich nghi dung dé¢ diéu chinh thdng s6 8 sao cho ngd ra
cua hé thong y(t) — ym(t) cia mo hinh tham chiéu.

Voiluu y: fix) va g(x) la hai ham mé ta doi twong chira dwoe xdc dinh ré
rang. Vi thé ta s& xay dung mot luat mo IF-THEN dé c6 thé mé ta ddp ung
vao ra cua f(x) va g(x).

Gia su f(x) va g(x) duogc biéu dién ta qua luat mo:
If x;= Fand ... and x, = F Then f(x)=C" (3.73)

If x;=G'and ... and x, = G, Then g(x) =D’ (3.74)

Trong d6: F, C’, G, va D’ 1a cdc tap mo

r=1,2,...,L s=1,2,... L,
Ké dén ta sé& di thiét ké bo diéu khién mo.
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e Thiét ké BDK mo

Mac du f(x) va g(x) la cac ham chu’r:} biét nhur}g no dugc md ta boi luat mo
IF-THEN ¢ (3.73) va (3.74). Vi th¢, ta c6 the thay f{x) va g(x) boi hé mo

f (x) va g(x) tuan theo luat mo trén.

Tuy nhién, f(x) va §(x) chi la phép xdp xi ciia f(x) va g(x). Do d6 dé nang
cao do chinh xéc, ta phai dé mot sb thong sb cua f (x) va g(x) tu do.
Gia st ta chon hai thong s6 6, € R™ va 6, € R" 1a tw do, ta ky hiéu nhu
sau: f(x)=f(x16,) va §(x)=§(x16,), thay vio (3.80) ta dugc:

AN )[—f(x|9f)+y;f> vkl (3.75)

u; duge goi 1 tin hiéu didu khién twong duong chéc chin.(do f(x)
va §(x) la cic thong s tinh todn duogc).
Dé xay dung BDK (3.75) ta phai xdc dinh f(x16,) va §(x16,), didu nay
duoc thuc hién qua 2 budc sau:
Budc 1: Véi mdi bién x; (i=1,2,...,n), dinh nghia p; tap mo A" ( i=1,...,p;)
va qi tép mo Bili ( li:],...,(],‘ )
Trong d6: F/(r=1,2,....,L)va G/vaD (s=1,2,... Ly) lan luot 1a cdc
truong hop dic biét cla cdc tap mo A, B},
Buwoc 2:
Xac dinh hé m(‘yf(x 16,) H; p; ; ludt mo c6 dang:

If x; = A‘ and .... and x, = A,i", Then f = g
Xac dinh h¢ mo g(x | 6,) tx H; q; ; luat mo co dang:

If x; = B and ....and x, = Bi Then $ = F el

Chon thiét bi hop thanh tich, ham m¢ dang singleton, giai mo theo phuong
phdp trung binh trong s, ta dugc:

Py Pn —I,..1 n
R e ~ yl ”( M (X[))
fx16,)= -2V ALt (3.76)

Z:lﬂ 27:1 (H; ,UA,_,,- (x;))
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Zlqll:lm 7:21 ygz (I‘[?:1 'UB}" (x,))
ZZ':I "'ZZI‘:] (H:lzl IUB’!,' (x,' ))

Cho ¥}~ va yi*" la céc thong s ty do. Vi thé ta c6 thé don vao § va 6, ,
ta viét lai (3.76) va (3.77) nhu sau:

f(x16,)=6]E(x) (3.78)
g(x16,)=6,1(x) (3.79)

§(x16,)=

(3.77)

Trong d6 &(x) If vécto H; D; chiéu va n(x) 1a vécto H; q; chiéu, véi
thanh phan /;...1, dugc cho bai:

& L () o F %) (3.80)
x = .
o, Z:; ...ZZ“:] qL., M (5))
"1_] ILIB?I' (‘xi)
m.., (x) = Hli : (3.81)

22 Tty )

Ta théy céc thong s6 6 va 6, duogc chon dua gheo luat mo (3.73)0V§l (3.74).
Céc thdng s nay s€ dugc dat cac gid tri ban dau va sau d6 thay dai lién tuc.
Trong phan ké, chiing ta s& thiét ké ludt thich nghi cho 6 va 6, dé dat dugc
cuc tiéu hoa sai so e.

e Thiét ké luit thich nghi

Thay (3.75) vao (3.68) va sau mot vai bién doi ta dugc:

e =—kTe+ lf(x 16 ,)— f(X)J+ [g(x 16,)— g(x)]ul (3.82)
Pit
[0 1 00 0 0] 0
0 0 0 .. 0 0
A=| .. e e e b = 0 (3.83)
0 0 0 0 .. 0 |
—k, =k e e~k
Ta viét lai (3.83) dang vécto:
¢=Ae+b{f(x160,) - F(0)|+[2(x16,)- g0, } (3.84)
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Dinh nghia céc thong s6 t6i vu nhu sau:

6: =arg min {Sup‘f(xlﬁf)—f(x)ﬂ (3.85)
afeRH:’:]p,- XeR"

6, =arg min {Sup\é’(xlﬁg)—g(mq (3.86)
6.R[ ] a:L xer"

Nhu vay, f (x16;) va g(x16;)s€la cic xap xi tot nhat (min-max) cta f(x)
va g(x) trong tat ca cac gid tri cho & cong thuc (3.76) va (3.77).

Dinh nghia sai s6 xap xi cyc tiéu:
w= lf(xl3;)—f(X)J+[§(x|6’;)—g(X)]M, (3.87)
St dung w, ta viét lai (3.84) nhu sau:
¢=Ae+b{f(x10,)- Fx10)|+[a(x16,) - 2(x 10k, +w}  (3.88)
Thay (3.78) va (3.79) vao (3.87) ta dugc phuong trinh dong hoc vong kin
dién td moi lién hé gitra sai s6 e va thong s6 6 va 6.
é=Ae+b|6, —0)T EX)+(0,-6) n(x)u, +w| (3.89)

Ta can tim luat thich nghi dé chinh dinh & va 6, sao cho sai s6 e, va céc sai
sO 6, -6, 6,6, datgid tri nho nhat. Xét phuong trinh lyapunov:

1 1 ® * 1 * *®
V= EeTPe+g(0f—0f)T(6’f—6’f ) +§(6’g -0, )T(eg -0,) (3.90)

1 2

Trong d6: % va 3 1a cdc hang sb duong,
P 1a ma tran x4c dinh duong thoa phuong trinh:
ATP+PA=-Q
v6i Q 1a ma tran (n xn ) xac dinh duong va ma tran A dugc cho béi (3.83)
Léy dao ham V doc theo quy dao h¢ théng ta duoc:
V= —%eTPe + e’ Pbw + i(ef -0, ) [éf + 7/1eTPb§(x)]
Y

1

+26. -6)[6, +ye" Pbpou, ] (3.91)

2
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Viéc cuc tiéu hod e, 6, —6’;, 0, —6’;, tuong duong véi cuc tiéu V, ta s&
Ay pr . ; 1 A A s
chon luat thich nghi sao cho V < 0. Do —EeTPe < 0 nén ta chon hé mo sao

cho w 12 rat nho. Tét nhat ta chon luat thich nghi dé hai s hang cudi ¢ céng
thtre (3.91) bang 0.

6, =—ye’ Pb&(x) (3.92)
6, =—y,e’ Pbi(x)u, (3.93)

Phuong phép nay goi 1a phuong phdp tong hop Lyapunov.
Hai phuong trinh (3.92) va (3.93) chinh la luat thich nghi can tim.

Vi du 3.19

Lam lai vi du 1.8 (trang 45) diéu khién con lic nguoc c6 sir dung phuong
phap mo thich nghi gidn tiép va so sanh két qua dat dugc. Trong dé:

> M0 hinh con lic nguoc nhy hinh 1.15
» Phuong trinh trang théi cho bdi (1.36) va (1.37)
> Chonk,=2vak,=1dé(s*+k;s+ky)1a6ndinh

» Chon Q 100
onQ =
' 0 10

15 5
» Giai phuong trinh Lyapunov ta dugc P = { 5 15}

Tachon:pi=pa=qi=qu=5va Al =A =B/ =B, 1=1,2, ...5) véi

 (x,+7/6Y | (x, +x/12Y ]
,UAII(Xl)=6Xp— — |5 ,uAIZ(xl)zexp— _

/24 /24
_ ) _ -
X, x, —7x/12
3 = - ) 4 =e _ =
M, (x;) =exp ”/24j :l M, (x,) =exp ( /04

(x-7l6Y
/uAf(xl):eXP - WJ :|; X, € [-7z16,7/6]

Do tAm cua f (X1,X2) qud 16n so vo1 g (X,X2) nén ta chon: ¥, =50; 7, =1

Trang 368



Chuong 3 Diéu khién thich nghi

Nhin xét : Khi khong c6 tin hiéu diéu khién, tirc u = 0 thi gia téc ciia géc
6 = x; tuong duong f{x;,x2). Vay ta c6 nhan xét:
xj cang lom thi f( x;, x2) cang lon

Bay gio, ta s€ di xay dung luat mo cho f{x;,x2). Do (x;,x2) = (0,0) 1a diém
can bang cua h¢ thong nén ta c6 luat dau tién:

R} :Néux;= A’vax= A; Thi f(x,xp) = 0

Tir hinh v& md hinh con lic nguoc ta thiy gia tdc cia x; ty 1& véi trong luc
mgsin(x;), ta c6 thé chon f{x;,x2) = asin(x;) . Ta thay: f(x;,x,) dat max khi

x, =7/2 nénco thé chon « = 16. Ta dugc luat mo cho f(x;,x2) nhu sau:
R} :Néux;= A'vaxo= A; Thi f(x;.x) =~ -8
R} :Néux;= A’vaxy= A; Thi f(x,x0) = -4
R}:Néux;= A'vaxy= A} Thi f(x;.xo) = 4
R}:Néux;= A’vaxy= A; Thi f(x,xo) = 8
Nhitng lut nay s& dugc ding dé xdc dinh gid tri dau 6, (0)

Luat mo cho f(x1,Xx,)

5 8[-4]0 43
y 84 0| 48
5 84 0| 48
5 84 0| 48

o/

ST -milz2 0] 12 6

Tiép theo ta x4c dinh luat mo cho ham g(x;,x;), ham g xac dinh d0 manh
cua luat diéu khién u, ta c6 nhan xét sau:

xj cang nho thi g(x,x;) cang lon
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Tuong tu nhu ham f(x,,x,) ta ¢6 ludt mo cho ham g(x;,x,):

1.26 | 1.36 | 1.46 | 1.36 | 1.26
1.26 | 1.36 | 1.46 | 1.36 | 1.26
1.26 | 1.36 | 1.46 | 1.36 | 1.26
1.26 | 1.36 | 1.46 | 1.36 | 1.26
1.26 | 1.36 | 1.46 | 1.36 | 1.26

Mb phéng két qua vi du 3.19
Hinh 3.2?3 va hinh 3.24‘ biéu diép tin hiéu x,(t) so v&i ngo ra 1y tudng yn(t)
cta h¢ thong trong 2 dicu ki¢n dau khic nhau:

Trong d6: x1(t) dugc biéu dién bang dudng ddm
Ym(t) dugc biéu dién bang duong dut nét
nis 1
[ |
i |
oa} / ’/-\\ "f\ i
TAN f\
b / : i
of| \ lr \ ,-Jr Il'. ;
| N [\
205} F i \ \ /
\/
\/
1 , - N
e 2 : ] ¥ T B WA e T i T ! _!In

D03k

0.3

Hinh 3.24 Gia trj dau: x(0) = (7/60,0)
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3.5.2. Thét ké BDK mo thich nghi truc tiép
Hinh 3.25 Vin

u=up POI TUONG
x™ =f(x) +bu, y=x )

Diéu kién dau

ao)

A

LUAT THICH NGHI
6=1"p,Ex)

Cho mot d6i twgng phi tuyén cé phuong trinh trang thai nhu sau:
x" = f(x, %, x" ) +bu (3.94)
y=x (3.95)

Trong d6: f 1a ham da biét b 1a hang s6 dwong chua biét. Ta can thiét ké
BPK u = u(x16 ) dya trén hé mo va luat thich nghi dé chinh dinh thong s6 6.
Luat mo ¢6 dang nhu sau:

IFx;=P va..vax,= P ,THENu=Q" (3.96)

¢ Dat van deé:

Trong d6: P'vaQ'lacdctapmo, r=12,... L,

e Thiét ké BPK mo
Hé md u = up(x10 ) duge thiét ké theo 2 bude sau:
+ Buée 1: Voi mdi bién x; (i=1,2,...,n) ta dinh nghia m; tip mo A"
(li=1,2,....m;) .vaP' (r=1,2,...,.L,) la mdt truong hop dac biét.
+ Budce 2: Xay dung hé mo up(xl6) tir H; m, , luat mo c6 dang:
IF x;= A]l‘ and ... and x,= A,l” , THEN up = S"" (3.97)
Trong d6 ;= 1,2,...,m;, i=12,..,nva S"" bang véi Q" trong (3.96)
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Str dung luat hop thanh tich, mo hoa singleton, giai mo theo phuong phap
trung binh trong so, ta dugc:

ZZH:l Z;nﬂ i]«l o [H:’:I 'UA,"' (xi )]
ZT:] Z:“:] [H; IUA’_I,- (x,‘ )]

Chon y"~" nhu thong s6 c6 thé chinh dinh va ta dua y'~" vao thanh phan

u,(x180)=

(3.98)

cua vécto thdong s6 0, tir d6 luat diéu khién dugc xac dinh:

u,(x16)=86"&(x) (3.99)

e Thiét ké luit thich nghi
Xem u’ nhu 1a BDK ly twong nhu (3.72), véi g(x) = b, ta dugc:
e =—k"e+blu" —u,(x186)] (3.100)
Ma tran A dugc dinh nghia nhu (3.83), b = (0,...,0,b)T,
Ta viét lai (3.100) dang vécto nhu sau:
é=Ae+blu’ —u,(x16)] (3.101)

Dinh nghia thong s t6i wu 6 :
6" =arg min[sup‘uD(x | ©) —uﬂ (3.102)
OeR*| o pn

7. n
VoL = Hi:l n;

Sai s6 xap xi cuc tiéu la:

w=up(x16)—u" (3.103)
Tt (3.99) va (3.103) ta viét lai (3.107) nhu sau:
é=Ae+bO —0) E(x)—bw (3.104)

Xét phuong trinh Lyapunov
V:leTPe+i(0* -6)" (6" -0) (3.105)
2 2y

trong d6 P 1a ma tran xac dinh duong thoa:

ATP+PA=—Q (3.106)
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Pao ham (3.105) va str dung céic biéu thuc (3.104) va (3.106) ta duoc:
V= —%eTQe +e" Ph[(B" —0)" E(x)—w] - 2(6’* -6)"0 (3.107)
v

Xem p, la cQt cudi cia ma tran P, tir b = (0,...,0,b)T, tacé e Pb = eTpnb.
Ta viét lai (3.107) nhu sau:

V= —%eTQewLé(ﬁ* —-0)" 3" p,E(x)—O]—e" p bw (3.108)
/4
Tu (3.108) dé thoaman V <0 ta chon luat thich nghi nhu sau:
6=1¢"p,&x) (3.109)
Vi du 3.20:
Cho hé thdng phi tuyén bac nhét:
_ ()
0= tu) (*)
1+e™®
Thiét ké BDK mo thich nghi tryuc tiép dé dua x(t) hoi tu vé zero.
l—e ™
Khi u(r) =0 thi: %(1)=——— <0 khix <0 va
I+e™"
_ () )
x(1) = ek 0 khi x > 0 nén hé (*) 12 khong 6n dinh.
+e

Chon y =1 va dinh nghia c4c tdp m¢ nhu sau:

I 2

NN
/NENENC NN
ALY

Xay dung 2 luat mo nhu sau:
NEU x=N,, THI u(x) = PB
NEU x=P,, THI u(x) = NB
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Trong d6: pp(u) = exp(—(u—2)2) va tnp(u) = exp(-(u+2)2).
Néu x am thi tin hiéu diéu khién u(x) s& cang duong dé dam bao x > 0.

Néu x dwong thi tin hidu diéu khién u(x) s& cang am dé dam bao x < 0.

M6 phéng két qua:
Ta tién hanh mo6 phong dé :[héy dugc ddp ng trong hai truong hop ¢ va
khong c6 luat mo. Gia str di€u kién ban dau la x(0) = 1.

time
Hinh 3.26 Diéu khién mo thich nghi tryc tiép khi khong c6 luat mo

e {t} o-

-h
"
-
an
-
=
-
=
=
=
-]

Hinh 3.27 Diéu khién mo thich nghi truc tiép khi ¢6 luat mo
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Nhén xét:
Theo két qua md phong thu dugc tir hai hinh 3.26 va hinh 3.27 ta thiy

> B0 diéu khién mo thich nghi tryc tiép c6 thé ding dé diéu chinh ddi
tuong tré vé€ zero ma khong can str dung dén luat mo.

> Néu bo diéu khién mo thich nghi truc tiép c6 st dung keém theo luét
diéu khién mo thi sé cho toc d hoi tu nhanh hon nhiéu.

3.5.4. Mt s6 ing dung
Vidu3.21: Xay dung BPK téc dd dong co DC

MO HINH BDK TOC DO PONG CO DC

M Tbc d6 mong mudn y,,
(B6 di€u khién m¢o |«
thich nghi tryc tiép)

ICOM
Vi xir Iy PWM
(ATSOCS) [ Encocer |

Tbc d6 thyc y

Hinh 3.28

Mo hinh gom cé :
1. Pong co DC 14V, téc d6 Max 2100vong/phiit, 1am viéc khong tai.
2. Cam bién toc d9 Incremental 200xung/vong.

3. Vi xir Iy AT89C52, tan s6 xung clock 11.059MHz, chu ky mdy
12
™ 11.059.000 ‘
dicu khién dp cap cho dong co bang phuong phiap PWM.
4. Chu ky PWM = 1024 x Tyx. (=1.1lms), chu ky léy mau
46.080xTyxL (=50ms), toc do port ndi tiép 19200Kbps.

(s), c6 nhi€ém vu do toc d§ dong co guri vé mdy tinh
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Ym — Y
Ym
sai léch €21% thi y = 7y, khi €<1% thi y = Yy/10, v&i Y da chon trudc.

5. Hé s6 thich nghi y thay ddi tuy thudc vao sai léch € = . Khi

XAy dung BDK mé thich nghi truc tiép
1. X4c dinh bién ngdn ngir

eHai ngd vao:

Téc do x; (vong/phit), c6 tam gid tri tr 0...2000 vong/phit, dugc
chuan hoa vé [0...1].

Ham thuoc ,uf (x,) dang Gaussian, voii=1...m;, m; la ) luong tdp mo

Gia tbc x, (vong/phut/gidy), co tam gid tri tr - 4500...4500 (v/p/g),
duoc chuan hoa veé [-1...1].

Ham thudc ] (x,) dang Gaussian,véi j=1...mj, m; 1a s6 luong tap mo
eMOot ngo ra:
D0 rong xung PWM (%), ky hi¢u 1a u, c6 tam gid tri 0...100%.

Ham thudc dang Singleton 6y, voi i=1...my, j=1...m;.

Bang luat hop thanh:
BIEN NGON NGU GIA TOC

1 2 3

us(xa) | m3lxa) | m3lxa) | | uD2(xy)
BIEN | ul(xq) 61,1 61,2 01,3 e 61,m,
NGON | |2(x,) | ©2 02, 053 02,m,
N?U wi(xq) | 93n 63,2 033 03,m,
TOC
b0 .

: H;_nl (X]_) emllj emlrz emll3 emlrJ

2. Luat hop thanh:
Xét luat hop thanh thtt (i,j), véii=1...my,j=1...mp
IF x €4 (x)) AND «x,e ui(x,) THEN u=8

ij
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3. Giai mo:
Chon thiét bi hop thanh Max — Product , phuong phdp giai mo do cao.
Gid tri ro dau ra PWM diéu khién dong co:

mi1 mp . .
0i,; (% b (x5)
y= FLiE (3.110)
mp mp . .
u (g hud (x2)
i=1 j=1
4. Luat cap nhat thong so:
Aﬁi’j = y'ET-pz'é:i,j (x,,xz) (3111)
6, (k+1)=6,(k)+A0,

Trong do:
0;; : Thong sb can cap nhat & luat hop thanh thi (i.j).
E =(e,é) : Vécto sai sé, véisai s e = Ym—Y , VOl Yy 12 van tdc dat.
p2 : 1a ¢t thir 2 cia ma tran P ¢6 dugc tir phuong trinh Ricatti (3.106).

0 1
ky  k,

s™+k;s+k,=0 c6 nghiém nam bén trdi mat phang phic.

Véi A={ }, ki, ko dugc chon sao cho phuong trinh

Céc thi nghiém trong bai dugc chon véi s =-0.1£ j20.

1>0 12 hé s cap nhat

E (x,x,)= 1 06 )ta (x,) : hé s6 xéc dinh tir vé IF cua luat hop

k

My (x1 )ﬂé (xz )
thanh thtr (i,j).

k=1 I=1
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Két qua md phéng va nhan xét:

Ghi chi : Trong cdc do thi bén dudi, dwong lién nét la téc dg mong muon
Ym dwong con lai la toc do thuec.

Truong hop I: Chon v, =0.5; y, =1400+500 sin(lz%t), 0;; = 20, voi

i=1..my,j=1...mp. Cac tap moO cho boi Hinh 3.29 va Hinh 3.30

15 T T T T T
1
E
o
>
R N7 A B e N A
=
5
=
u]
05 i i i i i ; i
-4500 -3350 -2280 -1125 o 1125 2250 3350 4500
Acceleration {(rpmis)
Hinh 3.29: Cic tap mo 4, (x) cua bién ngbn
ngtr gia toc.
15
4 1 2 3 4 5
g Hinh 3.30: Cac tap
£ . 4
2 mo 4, (x) cua bién
o r
ngdn ngir toc do.
o 5EI 250 s00 780 1000 1250 1500 1780 2000
Speed (rpm)
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SN -
N7 A i
. \ / \

/
A e -
a. Gid tri PWM b. Sai s6 ngo ra
A R Lo N\

o N
\v | \v/ \v i uR \v i W/ \
c. Ddp vung ngo ra cia mo d. Ddp umg dwoc phong to

Hinh 3.31: Két qua diéu khién cta Truong hop 1.

Nhdn xét: Ti cc d6 thi & Hinh 3.31 ta thiy rang:
O tbc do thap, gid tri PWM thay ddi it nhung téc do thay doi nhiéu; &
toc dg cao gia tri PWM thay d6i nhiéu nhung toc dd thay doi it.
Bo diéu khién mo ban déu duoc thiét ké ma khong dya trén nhiéu
thong tin vé doi twong, nhung chat lugng di¢u khién 1a kha t6t du doi
tuong 1a phi tuyén.
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ﬂ/\/\ T | i b i b hih i
00N ANR 0T LR
AT AU
ANRIRTETRRATR ANIY BRTRIRTETRTARE RN
IR REIRIR IR R IR R
/B AT VY VTV Vv
;
ED\NMM\J“MMV’V\\FFMMWMMV :V\\}v’,m T SN NN
| c. iDS‘ai sz trw;ng hZD,DO’p 2: DDDDD d. Sai s tr;ing hop 2b

Hinh 3.32: Két qua diéu khién cua Trieong hop 2

. . 27 . N

Truong hop 2: Y% =05; y, =1400+500s1n(%t) ( truong hop 2a) va
2

v, = 14OO+SOOsin(6—Zt) (truong hop 2b); 6;; = 20, véii= 1.5, j = 1.5.
Cic tap mo van nhu truong hop 1. (Xem két qua & Hinh 3.32)
Nhén xét: Vo1 cung hé s6 cap nhat va cdc gid tri ban dau 0y, 5> khi téc do
mong mudn Ym bién thién nhanh hon thi tdc d6 thic y khong bam theo kip

dan dén sa1 s0 16m. Do luat cap nhat phy thudc vao yn, nén ta can hiéu chinh
lai thong s6 Yo cho phit hop.
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/N a ol T
s

Speed (rpm)
S
==
"

Speed (rpm)
L
=
et

/ \ \
i L. \ \ ./

N Nl g ad
EDEWI 0 140 160 Tirimﬂ's' 200 220 240 BDEWI 0 140 160 Ti:,in',' 200 220 240
a. Ddp ung khi 3= 0.2 b. Ddp ung khi 3 = 0.5
2000 2000
V/a [

NANITA) LN
o \ WA \
.- \ d )
e N / \/

Speed (rpm)
Speed (rpm)

- - -y o
EDEWIEEI 140 160 180 200 20 240 EUEW'ZU 140 160 180 200 220 240
Time [s) Time (s)
c. Ddp vung khi y = 0.8 d. Ddp ung khi y = 1.2

Hinh 3.33: Két qua diéu khién Truong hop 3

2
Truong hop 3: 6,;=20;v6ii=1.5,j=1.5; y, = 1400+500$in(6—zt), céc

tap mo nhu Truong hop 1, Yo lan Iwot 12 0.2, 0.5, 0.8, 1.2.
Nhan xét:
Viéc tang Vo s€ lam cho luat cdp nhat nhay hon véi sai s6, do vay déap
ung hé thong s€ tot hon.
Tuy vay & toc do thap, khi 7y, ting s& 1am cho téc do dong co bi dao
dong 16n hon. Sy dao dong ty 1€ thuadn véi viéc tang Yo .
Bang kinh nghiém qua cdc trudng hop da xét ta thdy rang dap tGng téc do
phu thudc vao nhi€u yéu t6 nhu: s6 luong tdp mo, hé so Yo, 0;;, toc dd bién
thién cua toc d0 mong mudn... T d6 ta dua ra viéc lya chon cic thdong so
cho phu hop dé t6i uu dap ung cua hé thong.
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Truong hop 4: ¥ =2.5; y, =1400+ SOOSin(z—ﬂt) ; 0;; duogc chon nhu bang

60

bén dudi, sir dung 7 tdp mo cho bién tbe dd va 5 tdp mo cho bién gia tdc.

BIEN NGON NGU GIA TOC
:U; (xz ) :U22 (xz ) :u; (xz ) :u14 (x1 ) :US (xz )
1 (x)) 10 10 10 10 10
BIEN | 1£(x) 10 10 10 10 10
NGON | 1(x,) 20 20 20 20 20
NGU | ui(x,) 30 30 30 30 30
TOC @ (x,) 45 45 45 45 45
PO 1l (x,) 60 60 60 60 60
u (x,) 80 80 80 80 80

¢ By seng ngd ra (0L 1200s)

b, Bdp ting duwge phong to

c. Ap diéu khién

d. Saisdngd ra

Hinh 3.34: Két qua diéu khién truong hop 4
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Két luin chung

Dbi tuong dong co DC duoc diéu khién bang phuong phiap PWM la dobi
tuong phi tuyén. Mot BDK mo thich nghi dugc thiét ké hop 1y s& diéu khién
téc d6 cuia dong co bam theo nhiéu dang tdc do mong mudn khic nhau.

Nhiing kinh nghiém, thong tin da biét vé d6i twong sé& rat hiru ich trong viéc
tim ra BDK thich nghi t61 uu.

Céc thong s6 quyét dinh chat lugng hé thong 1a : hé s0 Yo, gid tri ban dau 6;;,
tin hiéu mong muon yy ... V61 moi thong s6 ¢6 mot tic dung riéng, viéc tim

ra bo thong s6 tdi wru can dya vao kinh nghiém va kién thirc vé hé thong dicu
khién.

Vidy3.22:  Maé hinh Hé thong ga tu dong trén 6to

1. Pong luc hoc cia 6t0 trén dwong:

Otd van hanh trén dudng nhd moment sinh ra tir dong co, théng qua hé
thong truyén dong, chuyén thanh luc kéo tiép tuyén tai cdc banh xe chu
dong day oto dich chuyén 1én phia trudc. Luc kéo tiép tuyén nay ludn can
b::ing v6i céc luc can tdc dong vao 6t6 theo dinh luat I Newton:

Fkéo = Fcén lan + chn khi dong + Fcén leo déc T Fcén qudn tinh

Tong céc luc can d6i véi 6td khong phu thude tuyén tinh vao van toc cia
0td va cac thanh phﬁn lyc can nay c6 nhitng hé s6 phu thudc vao diéu kién
lam viéc cua 6t6 nhu loai duong, do mép mod, do nghiéng ctia mat duong,
loai 16p xe, nhiét do moi truong, gio, tai trong cua xe, tinh trang cia dong
co, cua h¢ thong truyén dong, 46 mon cua 16p...Céc diéu kién l1am viéc nay
khong cd dinh ma thay d6i mdi khi 6t0 van hanh va trong ltic 6to van hanh.

I:cén khi dong

I:cén l&n banh trudc

I:cém l&n banh sau

Hinh 3.35 Déng luc hoc ciua 6t trén duong
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2.Phwong trinh trang thai:

Déi trong van hanh trén dudng 12 mot dbi twong phi tuyén chi bao gdm mot
tin hiéu diéu khién vao 12 d6 mo canh budm ga cua dong co ( hay vi tri ban
dap ga trén 6t0), va mot dau ra 1a van toc 6to. Céc trang thdi ctia dbi tuong
l1a van tde va gia tde. Dua theo phuong trinh trang thai (3.94) va (3.95), dac
tinh cta d6i tugng nay cé thé dugc biéu dién boi hé phuong trinh vi phan
tuyén tinh bac 2 & dang chinh tic:

X = Ve
X, = X
X, = f(x,x,) + b, (b>0)
y =X

v6i f(x,,x,) 12 ham phi tuyén chua biét va b > 0 1a gid tri chua biét, o 1a do
mé buém ga cua dong co. Ca f(x,,x,) va b phu thudc vao diéu kién lam
viéc, ché d6 van hanh, tinh trang cta dong co, hé théng truyén dong cua 6to.

3. Luit diéu khién déi twong:

Luat diéu khién ddi twong dua trén tuyen tinh ho4 hdi tiép dé ngd ra y cua
d6i tugng bam st ngd ra mong mudn yy, ¢6 dang nhur (3.72):

W = —[— (x)+y" + K"E]

V6i: e=y, —y=y, —x=(e,é,...e" ) va k=(k, k,  ,..k)"

n

st + kls"’1 +...+k, =0 co tat ca céc nghiém nam bén tréi truc 4o cia mat
phang phtic.

Véi luat diéu khién ", cdc thanh phan phi tuyén cta dbi tuong bi triét tiéu.
Thanh phén KTE dugc dua vao dé dam bao sai sd ngd ra van hoi tu vé 0
trong truong hop trang thdi ban dau cia ddi tuong khong 1am cho ngd ra y
bam ngay ngd ra mong mudn Vo

Do thanh phan f(x) va b chiea xdc dinh nén ludt diéu khién u” cho doz tuwong
duwoc xem la chuea biét. Trong bo diéu khién mo thich nghi truc tiép, mot he

thong mo dwoc sir dung dé tim ra hay xdp xi ludt diéu khién mong muén u"
chua biet nay.
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4. Thiét ké luit thich nghi (luit cap nhat, chinh dinh thong s6)
Véi bo diéu khién mo thich nghi truc tiép, luat chinh dinh thong s6 dé
vector thong s6 8 héi tu vé vector thong s6 1f tudng 0 (nghia la up(X, 0) hoi

A * N A PR * 7. - A A ” 5 A ~ .
tu vé up(X, 0 ) Ia xap xi cua u vdi sai s6 xap xi nhd nhat €), dugc xic dinh
theo ti€éu chuan 6n dinh Lyapunov.

Xét biéu thic Lyapunov (3.104) cho hé théng md thich nghi truc tiép up(X,
0) diing cho d6i twong duwoc md ta trong phuong trinh sau:

V(E) = lETPE + i(6*" A CA)
2 2y

voi:
- 7 > 012 mot hang sd, duoc goi 12 hé sb cap nhat hay hang s6 hdi tu.
- Pe R"""1a ma tran thyuc, xac dinh duong thoa man phuong trinh:
AP + PA = -Q
Trong d6, Q€ R""" 1a ma tran thuc, duong dugc chon trudce.

Theo tiéu chuan 6n dinh Lyapunov, véi V(E) x4ac dinh duong va V(E) xéc
dinh am thi sai s6 E sé tién vé 0, hay gid tri ngd ra y s& bam theo gi4 tri ngd
ra y, mong mudn, khi d6 xdc dinh duoc luat thich nghi (3.109):

6=1E"p,E(X)

M6 hinh djng lwc hoc 6t6 trén dwong
bac tinh dong hoc cta 6t6 trén dudong dugc mo td qua phuong trinh sau:

(mxe +Jejaxe = le Me _ZF}oad(Vxe)
8 Ty

Trong dé:

- m, =G, + G, la trong luong toan by cua 6td, [N].

a,, la gia toc 6t6, [m/s’].
- V., 1a van tbc 6td, [m/s].

- n 12 toe do dong co, [rpm] (vOng/phit).
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- o la vi tri (A0 m&) canh budm ga, [%].

- ie = i4io 12 ti s6 truyén lyc ctia hé thong truyén dong.

- M, 12 moment xo#n ¢6 ich do dong co sinh ra, [N.m].

- Z and = Froadload + F}oss + Fslope la téng CéC luc Cén dél Véi hé
théng truyén dong cua 6to, [N].

-F

o = FV + EV, + F, 1atong cic luc do chuyén dong trén
duong, bao gdbm lyc can lan gitra 16p va mat duong, luc can khi

dong, [N].
- F

loss

=F,V) +F, V) +FV,+ F, lalyc can do ton that co gi6i
trong hé thong truyén dong, [N].

- Fyppe = m,,.g.sin(Grade) la lyc can leo déc, [N].
120 -
100 -
B
= 0
-
N
g
-
£ d0+
2
w 20 - AL
. W \}\\3‘1 i N
Pt ) N \ ; i 1\ i xx n
= b, \"-\\\\‘\:\\}\ MR ‘ \\\ e
SR N\ NN
“eol | e
] e 2500
ﬁm”ﬁﬁm o

0 1000
Engine throttle position (%) Engine speed (rpm)

Ddc tinh moment theo toc do va do mo buom ga cua dong co
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Throttle Position

Throttle Position

Traction Force
Vehicle Velocity

Power Train Model

Vehicle Velocity

Road Load

Road Load Model

Vehicle
Inertia

Integrator

m/sto km/h

—>(1)

Vehicle Velocity

Hinh 3.36 M6 hinh dong luc hoc 6to trén duong

| 1 ol |
L S >
Integrator

Lookup Table

1/3.6 >+,
Vehicle Velocity
km/h to m/s
0 »{1/3.6
Wind km/h to m/s2

1

Gain

f(u)

A\ 4

Climbing Load

f(u)

v

Road_Load

_>®

Road Load

Hinh 3.37 M6 hinh lyc can trén duong

Throttle Position

€D,
Vehicle Velocity

Traction Force

> 2DTw Engine
Engine Torque
Speed %
P » > Engine Age Transmission 1
km/h to rpm Saturation Engine
Power Train
Loss Torque |
P{1/3.6 > f(u) ;l K-
km/h to m/s Power Train Loss Transmission 2

Hinh 3.38 M6 hinh hé thong truyén lyc ciia 616
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3. Hai bd diéu khién hé théng ga ty dong trén 6 to

Van toc ban dau cua 6t6 1a 40km/h, 6t6 sé& dugc diéu khién dat van toc on
dinh 60km/h sau 20s bang b diéu khién PID va bo diéu khién mo thich
nghi tryc tiép (DAF — Direct Adaptive Fuzzy).

Ca 2 bo dicu khién duoc xay duyng voi gia thiét da c6 bo didu khién do mo
cdnh buém ga Ii tudong, diéu khién chinh xdc d6 mo canh buém ga véi thoi
gian qua do rat bé.

A.Bj dieu khién PID: Kp= 2; K;= 1.2 ;Kp=5

P 2
P Part
»
L
ML >>—>+ > (T
» - Throttle Position
Integrator | Part » Saturation1

Actual Velocity

plduidt— | 5

Derivative D Part

Hinh 3.39 BJ diéu khién PID

B. B§ diéu khién mé thich nghi trwc tiép
B diéu khién mo thich nghi tryc tiép c6 nhiing dac diém sau:
1. Ngd vao: 2 ngd vao
a. Actual Velocity
- Tam gi4 tri: 0...120km/h
- 5 tap mo nhu hinh 2.18
b.Acceleration
- Tam gi4 tri: -4...4m/s”.
- 5 tap mo nhu hinh 2.19
2.Ngora: 1 ngora

- Tén bién ngdn ngii: Trottle Position
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- Tam gi4 tri: 0...100%

- 25 tap mo dang singleton, 1a cdc thong s dugc diéu chinh cta hé thich

x

Product

1 f Theta
z

Integratar

nghi.
3
) Reshape
Demand - —
Veloity Hormalized Drerivative
Dremand
Welooity
flu o elocity S alues ] e
Welook
&l Hommalized
Yelocity Zeta —
u/amax Jo| Foceleration At alues — A Walues
Acceleration -
Homalized
LRI Membership Caloulatar Zeta Caloulator
dl
(e — O * |2
i
Throttle |—|—|
Saturation Producti

Puosition

Hinh 3.40 Bj diéu khién mo thich nghi truc tiép (DAF)

3. Bang luat hop thanh véi gid tri ban dau ciia cdc thong s6

Bién ngén ngir ACCELERATION
nh () | 130c2) | n3(xa) | 3 bca) m3(x2)
ui(xy) 1 1 1 1 1
2 15 15 15 15 15
Bién ngon ui(xy)
ngu ul(xy) | 30 30 30 30 | 30
ACTUAL
VELOCITY | Mi(x1) | 48 48 48 48 | 48
uS(x;) | 100 100 100 | 100 | 100

Bang 3.1 Bdng ludt hop thanh ciia bg diéu khién mo thich nghi truec tiép
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0 1
4. Chon ma tran A =
-0.01 -0.1

0 10

(10 0
5. Chon ma trdn Q =

6. Chon hé s6 y= 1.

NV
.y,

Acceleration (mlsz)

Hinh 3.41 5 tap mo ,uli (x),i=1..5, cua Hinh 3.42 5 tap mo ,u; (x), 1=

Membership Value
Membership Value

P

60
Speed (rpm)

ngo vao Actual Velocity 1..5, cua ngo vao Acceleration

100~
80
60
40,

204

Engine throttle position (%)

Acceleration (m/s2) Vehicle velocity (km/h)

Hinh 3.43 Pdc tinh lam viéc ciia bé diéu khién mo thich nghi trec tiép khi
maoi duwoc khoi tao
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4. So sanh két qua diéu khién

1. Truong hop 1: Age = 100%, G = 100kg, Vying = 0 km/h, 6t6 di trén dudong
b::ing Grade = 0° (xem hinh 2.21).

2. Trudong hop 2: Age = 100%, G = 500kg, Vyinda = 0 km/h, 6t6 di trén dudng
bang Grade = 0° (xem hinh 2.22).

3. Truong hop 3: Age = 100%, G; = 100kg, Vying = 30 km/h, 6t0 di trén
duong bang Grade = 0°.

4. Truong hop 4: Age = 100%, G, = 500kg, Vyina= 30 km/h, 6t6 di trén
duong bang Grade = 0°.

5. Truong hop 5: Age = 85%, G, = 100kg, Vying = 0 km/h, 6t6 di trén dudong
bang Grade = 0°.

6. Truong hop 6: Age = 85%, G; = 500kg, Vyina = 0 km/h, 6t6 di trén dudong
bang Grade = 0°.

7. Truong hop 7: Age = 85%, G, = 100kg, Vyina = 30 km/h, 6t6 di trén duong
bang Grade = 0°.

8. Truong hop 8: Age = 85%, G, = 500kg, Vyina = 30 km/h, 6td di trén duong
bang Grade = 0°.

9. Truong hop 9: Age = 100%, G, = 300kg, Vyina = 30 km/h, 6t6 1€n va
xudng doc Grade = 5°.

10. Truong hop 10: Age = 85%, G, = 300kg, Vyina = 30 km/h, 6t6 1€n va
xudng dbc Grade = 5°.

VEHICLE VELOCITY (km/h) vs. TIME (s) VEHICLE VELOCITY (km/h) vs. TIME (s)

e I R — O T T T :
' 1 1 111 |7 Demandvelocty 1 1 1 11 |7 Demandvelociy
90- =7 =5~ =~ =1~ = T ~| — Resultwith DAF controller[| 90F =T =777 717 = = T 7| —Result with DAF controller |
[ T Y A T P [ R A E A A P .
| EO R S S R S Result with PID controller b L1 L Result with PID controller
[ T T T T N S N B! T T T O O A N
R e R e e
g7077T7T77\77\77\7777777\77\77\77777 = L N e A e A R
£ [ T B o [ £ P N T [ T T
X g0l - L - e I I = \M_\A L L I L
= [ T e e T N B R B - A
= Ao = T T O A S A
=352 ¥ i B et Rl et Mt i ek et il B o 0F - b i Bt el it il B e e e
@ 22 T e O N R B B B ° [ N Y B A A
S 2 T S B Y E R > T By A R
° [ T T T T N S N B! > [ N Y B A A
=4 R e = [ N Y B A A
A e i ettt i St M At A Ry Sy ® i Bt Tl et e B A
= [ T T T T N S N B! = [ N Y B A A
] G [ B E I R T By A R
[ T T T T N S N B! [ N Y B A A
[ T T T T N S N B! [ N Y B A A
W=7 -9-=-—~-r-T7T-39-=—~r-T7°-7 i Bt Tl et e B A
[ T T T T N S N B! [ N Y B A A
0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
0 10 20 30 40 5 60 70 80 90 100 110 120 0 10 20 30 40 5 60 70 8 90 100 110 120
Time (s) Time (s)
Hinh 3.44.a Hinh 3.45.a
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ENGINE THROTTLE POSITION (%) vs. TIME (s)

ENGINE THROTTLE POSITION (%) vs. TIME (s)
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Hinh 3.45.b
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Hinh 3.44.b

1= =] =] =] o

(%) uonisod apj304y} auibug

Vehicle velocity (km/h)

Hinh 3.45.c

3]

Acceleration (m/s'

Vehicle velocity (km/h)

3]

Acceleration (m/s’

Hinh 3.44.c

buom ga

toc 010 (a), do mo

, van to

\

ua bo diéu khién sau khi xdc lap

am viéc ¢

N

Trwong hop 1 (hinh 3.44) va 2 (hinh 3.45)

(b) va ddc tinh |

5°

doc

e
A

en va xuong

N

A

ga (b) khi 6t6 1

mo buwom

(a) va do

4
A

Van toc

A

Hinh 3.46

truong hop 9

Trang 392



Chuong 3 Diéu khién thich nghi

VEHICLE VELOCITY (km/h) vs. DISTANCE (m)
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Hinh 3.

ENGINE THROTTLE POSITION (%) vs. DISTANCE (m)

Result with DAF controller
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(%) uomsod ajp10ay) suibug

2000 3000 4000 5000 6000 7000

1000

Distance (m)

Hinh 3.46.b

Trang 393



Chuong 3 Diéu khién thich nghi

Nhan xét:

- B0 diéu khién DAF véi cau tric va nhitng thong s6 dugc chon thich hop
da cho két qua diéu khién t6t trong céc truong hop duoc khao sit. Vén toc
6t0 duoc diéu khién Vol sai sO xdc 1ap bang 0, it vot 15, khong bi dao dong,
hé thdng khong bi mat 6n dinh trong qué trinh diéu khién.

- Véi cling mot bo gid tri ban dau cua cédc thong s, dit ¢6 su thay dbi vé
tai trong téc dung xe, hao mon trong hé thong truyén dong hay dong co, anh
hudng cua gié, su thay doi vé 6 doc cua mat dudng, bd diéu khién DAF
van tu chinh dinh duoc céc thong s6 va dam bao chét lugng diéu khién tét.

- Do luat chinh dinh thong s6 duge xdy dung trén ti€u chuén 6n dinh
Lyapunov va van tdc 6td6 duogc diéu chinh bam theo ham ddc, muc tiéu dat
ra trong céc truong hop khao sat nay chi 1 lu6n duy tri van toc 6t6 khong
d6i ¢ gid tri 60 km/h; va dam bao hé thong 1am viéc khong bi mét 6n dinh
hay bi trai qua nhimng giai doan mat 6n dinh. Nhirng muc tiéu khac nhu dong
co tiéu hao it nhién liéu nhét, hay gia toc 6t6 phai nim trong gii han cho
phép dé dem lai cam gidc thoai mai, ém diu cho ngudi di xe khong thyc hién
duoc.

3.6. Picu khlen thich nghi h¢ dong mang DFNN:

Trén thyc té, hau hét cdc dbi tuong can diéu khién 1a nhimng hé thong phi
tuyén phue tap va dac tinh dong hoc cua ching ludn bién d6i theo thoi glan.
Viéc diéu khién ching chi c6 thé dya trén mot ky thuat duy nhit 1a diéu
khién thich nghi. Trong thoi gian gan day, cic bo diéu khién no-ron mo
thich nghi véi sy két hop cdc uu diém cua logic mo va mang no-ron dugc
xem la giai phdp hiéu qua nhat dé giai quyét nhiing van dé trén.

3.6.1. Piéu khién thich nghi dya trén moé hinh nguwoec DFNN

Mot d6i tuong bat ky c6 thé dugc diéu khién dé bam theo mot tin hiéu dat
bat ky bang viéc cung cap tin hi¢u dat nay t6i mot bd di€u khién ma dic tinh
dong hoc cta n6 1a nghich ddo cua dac tinh dong hoc doi tugng.

Bo diéu khién

ot Mé hinh nawoc uit . i1l
T " @bitwens polrong

L 4

Phuwrong phdp diéu khién dwa trén mé hinh nguwoc
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Gia str d6i tuong can diéu khién dugc mo ta b::ing phuong trinh sai phan:
V== glvim e —n =Ll (=m0
_ v6i() gla 1 ham phi tuyén bt ky ’
B diéu khién dugc huan luyén dé hoc moé hinh ngugc cua doéi tugng:
dri= et =0 v{r—at D=1 e —m))

3.6.2. Quy trinh diéu khién thich nghi véi mang DFNN
Quy trinh nay bao gom 2 budc doc 1ap: nhén dang on-line md hinh nguoc
dbi tuong va diéu khién thich nghi ddi tuong.

» Budc 1: Nhan dang on-line mo hinh nguoc ddi tuong

Pay 14 qud trinh chinh dinh on-line ciu tric va thong sé cho mang DFNN
(dva trén thuat toan da dé cap trong chuong 1) sao cho mang c¢6 kha nang
md ta dugc dac tinh dong hoc nguoc cua ddi tuong can diéu khién.

Mubn vay, tin hiéu ngd vao cung cép cho ddi twong phai du giau thong tin
dé tao tin hiéu ddp ung ngd ra cta ddi tuong ciing du giau thong tin. Cac tap
mAu vao —ra nhu vay s€ gitp cho qua trinh nhan dang on-line mau hoi ty vé
md hinh nguoc gan diing nhat cia doi tugng.

Mhien

- I%
# N PAs

r
T vt}
v

PR »=  Dii twgng -
Tin higu di X e
gigu thiang tin 1

LY

_ i) i
(Mo hinh niyoc) [

4
Thuat toan hoc can be
v thong s0 on-line

Nhdan dang on-line moé hinh nguoc doi twong
> Budrc 2: Diéu khién thich nghi hé dong

Sau khi da hoan tit qua trinh nhan dang on-line md hinh ngugc. Dé c6 thé
ung dung dugc md hinh ngugc trén vao di€u khién thi bo diéu khién phai c6
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kha nang thich nghi véi nhiing thay doi trong ddc tinh dong hoc nguge ctia
dbi twong va véi nhidu. Do d6, bén canh qué trinh diéu khién ddi twong thi
mang DENN van phai tiép tuc tién hanh song song qua trinh ty hoc on-line
mo hinh nguoc cia di tuong.

Vé ban chat, qud trinh hoc on-line nay hoan toan twong ty nhu & budc 1.
Tuy nhién, do duogc thira hudng mot cau tric mang gan nhu hoan chinh cho
viéc mo ta dac tinh dong hoc ngugc cua ddi tuong tor budc 1 nén trén thuc
té, qué trinh chinh dinh cdu tric mang DFNN rat khé xay ra ¢ budc 2 (trir
khi c6 su thay ddi rat 16n trong déc tinh dong hoc cua ddbi tuong dan dén ddi
turong gin nhu tré thanh mot ddi twong mai thi qué trinh chinh dinh ciu triic
moi ¢ kha nang xay ra). Vi vay, trong budc nay chu yéu chi xay ra qui
trinh chinh dinh thong s6 ménh d¢ ket luan cua mang.

V6i qud trinh chinh dinh thong s6, mang DFNN van dam bao dugc kha
nang thich nghi véi nhing thay d6i khong qua 16n trong déc tinh dong hoc
nguoc cua d6i tuong. Trong truong hop do6i tuong thay d6i qud 16n c6 thé
dan t6i can phai thay d6i cau tric mang thi nén tién hanh lai budc 1 dé nhan
dang mdt mo hinh ngugc méi hoan toan vé doi tuong.

()

DFNN D

(Bifu khiém

Poi tegng

&

Thuit todn chinh dinh
| Copy cdc thing s6 minh % két lugn | thing b on-line

Diéu khién thich nghi hé dong

Qud trinh diéu khién thich nghi hé dong bao gém 2 giai doan:
¢ Giai doan diéu khién: qué trinh tinh todn dugc lan truyén tr tin hiéu
dat, qua mang DFNN, dén tin hi¢u ngd ra cia mang (tin hiéu di€u khién).
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e Giai doan thich nghi: cdc dit liéu ngd vao (tin hidu diéu khién) va
ngo ra cua doi tugng duoc st dung dé chinh dinh cic thong s6 ménh de ket
luan cua mang.

Chu y:

Theo md hinh trén, mic di1 hai giai doan trén duoc biéu dién bang hai mang
DFNN, moi mang thyc hién mdt chirc nang riéng biét, tuy nhién trén thyc té
thi chi can sir dung mot ciu tric mang DFNN nhung tich hop ca hai giai
doan trén vao qué trinh thyc thi cia thudt todn mang (do trong giai doan
thich nghi da bo qua qu4 trinh chinh dinh ciu tric mang).

3.6.3. Pi¢u khién thich nghi hé dong véi khau PD b sai s6

Trén thyc t&, ddi voi mot s6 ddi twong diéu khién phirc tap, khong phai bat
ctr khau phi tuyén nao trong dic tinh dong hoc ngugc cua doi tugng cling c6
thé nhan dang va md hinh héa duoc. Diéu nay dan dén sai s ciu tric trong
mo hinh.

PDx

Capn €30 Ta0as 4 sy
mEr 55 kit in
i
I
A1 DEN i) _ c ey
(i Uhidm) —I-O Boi neomg -

Tlujt odn ckinh dmh
Lo | théng i3 or-line

Diéu khién thich nghi hé déng véi khau PD bix sai s6

Mac khac, sai s6 con xuét hién trong md hinh do céc nhiéu. Nhiéu lam
thong tin thu thap cho qua trinh nhan dang (cdc mau dit lidu vao — ra) bi sai
léch din dén sy khong chinh xéc trong md hinh nhan dang. Ngoai ra, tuong
tw nhu bat ky mot thuat toan chinh dinh thong s6 nao khdc, do dic tinh
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chinh dinh on-line nén cdc thong sb chinh dinh trong mdi chu ky 1dy mau c6
thé dao dong voi mot bién do nho xung ‘quanh gid tri chinh xdc cua n6. Su
dao dong nay ciing c6 thé dan dén sai s6 ngo ra mo hinh. Pé khic phuc cic
sai s trén, luu d6 diéu khién thich nghi can phai duoc bd sung mot bo diéu

khién phy PD kinh dién (bo diéu khién ti 1¢, vi phan):

Ty theo sai s6 ngd ra ma b diéu khién phu nay s& b vao tin higu diéu
khién thu duoc tir ngd ra mang DENN mot luong thich hop. B diéu khién
phu PD nay con c6 thé hd tro tich cuc cho qué trinh diéu khién tai thoi diém
dic tinh dong hoc cua dbi tuong vira moi thay doi va bd diéu khién mé hinh
ngugc chua kip thich nghi véi dac tinh dong hoc mai.

3.6.4. Vi du minh hoa:

Vidu 3.23: i
Str dung cong cy Simulink cia MATLAB 7.0 dé xay dung md hinh va thuat

todn di€u khién thich nghi h¢ bon nudc noi tiep c6 thong s6 cac van thay doi

C Mmoo X0em
Mlay bom meiibmy
/l / /l' -"'.ll]rm

10010
hinas

Van théng [0 = o= Jen”

Vanxa 0.2cm" 2a, 208w

12emm - - 12em

M6 hinh thyc cua hé bon chira nwdc noi tiép

Pat van de:
Muc ti€u cua thuat toan 1a diéu khién do cao muc nudc ¢ bon 2 theo tin hiéu

dat. V& ban chét, hé mo hinh bdn chira nudc nbi tiép 1a hé SISO:

> Ngé vao: dién dp diéu khién mdy bom [u(0)]
» Ngo ra: (,i(f) cao muc ngdc bon 2 [hy(t)]
» Thong so thay doi: tict dién 2 van [al,a2]

Trang 398



Chuwong 3 Diéu khién thich nghi

Giai phap:

Str dung 2 mang DFNN dé nhan dang on-line mé hinh nguoc ting bép nuoc
» Mang DFNN nhén dang mé hinh nguoc b@n 1: mang di€u khién
» Mang DFNN nhan dang mo hinh nguoc bon 2: mang dy bao

fiu)

E
[=
L 4

R

" b | hidat

h 4

Ly

L 2

¥

ni

ri2dot

M6 hinh Simulink cua hé bon nuwdc noi tiép voi cdc nhiéu do luong 6 ngo ra

H¢ phuong trinh toén lién tuc cua hé bon nudc noi tiep:

Quy trinh nhén dang va diéu khién

» Buwdc 1: Nhan dang on-line mé hinh ngwgc
Ro1i rac héa phuong trinh todn lién tuc ctia hé bon nudec:

rm): hu®)- aysgn{ RO -1 O) 22l © - 10
[(ﬁlm_ﬁlm)%+ Elmlﬁf
()= 2 sgn{ (O~ I ©) 22 1O - I ©)|- 03 2 ©
[(ﬁzm—ﬁzm)%+ Lzm]w'
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T[e‘i’:;(ﬁr}— a. sgn il (&) =i (k}}\f}_’g |.'1‘.‘1 (i1—hs [}‘rﬂ
AE+D =000+ = -

e = Ly | ril () +L W

Flpgan

Ty aysan iy () — i (002 g [l (0) = iy 7)) — s af 20 ()
Ba(E 1) =y el | v |

!

|:['E'2u.'ax _"[':u_-,ju :'”fﬂ-l- I’:r_u_ .HF

A

Trong d6: T'la chu ky 1dy mau dir liéu.
Téng quét va don gian héa hé trén ta co:
Untik=li= £ B (Bel (L
Utk =1= £ ) i2)
Tu phuong trinh (2) ta c6:
(k== f Rk +1 0 R+ 1
= (k== {j’l Y CINNEIRTCIIENC S
Phuong trinh trén c6 thé viét lai bang cach str dung mot ham phi tuyén g{.}:
(k=2 =g U O + 105 (0 R (. éf(ch}
Ta thay quan h¢ gitra ngd vao u va ngd ra h; 1a mot quan hé c6 tré (tré 1
chu ky lay mau). M6 hinh cé tré la mt mé hinh khong ton tai mé hinh
ngwgc (md hinh bat kha dao — noninvertible model). .
Vi thé, ta s€ khac phuc bang cach tiach doi tuong ra lam 2 bon riéng biét.
Khi d6, quan hé vao ra ciia mdi bon 1a mot quan hé khong c6 tré:
(= A7 e = L By () e ()
- .
|y = {-"1":'[;?4' L) i Uf:'}

Dé nhan dang m6 hinh ngugc ctia mdi bon nudc thi phuong trinh viét lai 1a:
[k —1y= £ (i (R (=15, (=10}
EACES VA ER e NN eSS ]

Trong do6: fl_l(.) va fz_l(.) la céu tric mang DFNN nhan dang mé hinh
nguoc ciia bon 1 va bon 2 twong tng.
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Do hé bon chtra nudce 1a hé dap ung tuong ddi cham nén u c¢6 thé duoc chon
la day xung vudng bién dd ngau nhién véi chu ky du 1én OV <u <12V

MNhidy

{

Bién dp Hé bin nirde ndi Uép

Chidy wav iy
v, L 2

Tl wniie

nhin dung
tHi=line

ME hinh nguigc

Luu do nhan dang mo hinh nguoc hé bon chira nwdc noi tiep

Mo hinh nguoc 2 bon dugce tién hanh nhan dang trong diéu kién ¢ nhiéu do
luong 6 ca hy va h (la sy dao dong cua mat nude khi lay mau). Chu ky lay
mau nhan dang 1a 2s, tuong tng véi 1500 mau dir liéu. Tiét dién cdc van khi
nhan danglaa; =2 cm2 via; = 0.5 cm”. Két qua cua qua trinh nhan dang:

i [k-1) F2ik-1]

i) SRR

0.8 -

: - 5 - 0.a
. [ SR S-SR RO
Rt S The b L

=T 0 50 0 150 e 0 ) W

Cdc ham lién thuéc 16p 2 cdu triic mang DFNN
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Hinl
Qs frnb ot sink luat Chua bbb phal gink lusl
g : i ! i ! 5 T !
a- :
.
Lo
: : i : i : i
P [ PR S - Py S Ot SR I [ A
. - ; - ; = , ; ; ; ; P
o 500 ] 1500 200 2800 oo ] Aan 10m 1500 2 25 i
S 50 binb San 50 mo hnh
15 T T T T T =1 T T T T T
e e
0 : : H : H | i | : —I
u] 500 1000 1500 2000 250 L] 1] ] 1000 1500 000 = =

Sw phit sinh no-ron ludt va sai sé ngo ra qud trinh nhén dang

Dien ap Do cao muc nuoc ban 1

5. uhat(f) i

| THW-M fﬁnjj IL | W JF I“J

=
g

HoHM s B8 8 3 8 8
T
=
.—__‘_\_.
.
T

D .
1
5 ‘\/ h { \ \
n |
10 o e hi[)
— hthatit)
-5 q 50 1000 1§I 2000 2500 =000

L L L L L
510 1000 1500 2000 2800 3000

Ngé ra mang DFNN bén 1 (u ) va bén 2 ( h, ) trong qud trinh nhdn dang

Cac thong 50 cua thudc toan nhan dang md hinh ngrec bén 1 duege chen nhw

san o, =100, o =340 -=0877 ¢ .. =2 o, =001 §=0977. o, =40.

toe B Yt Lo

=11, ,'-’lelDE. A=0582. _2=01 k&, =00002

o
Cac théng <0 cua thuar tedn nhin dang md hinh ngwec bon 2 dwge chon nhue

saws dy, =100. ¢ =30 =0977 o, =2 e =00l §=0977 .7 =30

ok

=11 7, =107 1=099. _7 =01k, =00002
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Béng Kér qud nhdn dang mé hinh nguwee bén 1

58 no-ron ludt 4

56 thong so 32

f:r](k—l):{O 4416 66.99 91_48}
\-"i_m' cac ham lién thudc ng h](}c):{t}.ﬂi 4278 6768 92_02}

Vo1 cac ngd vao

h(k-1):{0 3842 6021 83.72}

Bé réng cac ham lién thudc tmg {40 79 41

- N 44.56 4594}
Vi cac no-ron 111@1 ngo vao

{-0.75 —0.75 1.72 -1.71 1538 -1.96
Théng s6 cdc ménh dé kétludn | 2.86 —128 1501 -208 3.04 -1.04
727 -321 391 -0.68]

Bﬂ:«akm g whgn dang wid Hinh ngege bon

=0 no-ron luat 4

=0 théng so 24

forn -0 - - 1%
W1l cac ham lign thude vmg falE=Dn0 39.39 60.87 8114

Vol cac ngd vao f(k) {003 3948 6144 §27)

B2 réng cic ham lign thude ng Tt
e e A o = {30 61.32 338 2308
VoL cac no-ron ludr ngd vao

{~092 -092 1.8% 732 -14 221

Thong <& cac ménh 42 kit luan . ) . . L
10,37 219 316 685 -4.32 353}

> Buéc 2: Piéu khién thich nghi hé dong
Dbi voi cdc d6i tugng c6 khau tré, tuy khong do luong truc tlep duoc nhung
ngd vao c6 thé du bao dugce. M6 hinh nguoc cia bon duoc viét lai nhu sau:
!H{F;j :fl' i.":'-_(fc—l}. N (fcjl,
k=1 = f Vi e = 20 (=1

Khi thay cdc tin hiéu ngd ra tuong lai hy(k+2) va hy(k+1) bang cdc tin hiéu
ngo ra mong muén (tin hiéu dat) r(k+2) va r(k+1), c6 thé du béo dugc do
cao myc nudc bon 2 tai thoi diém tiép theo trong tuong lai Ia:

(k=1 = £27 [k =210k +1))
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Tin hiéu diéu khién tai thoi diém hién tai:
00 = A7 ARG+ DA (R ()]

b, ket )

r(k+2)

Mang DFNN mé hinh nguge bon 2 Mang DFNN m6 hinh nguoc bén 1
(Mang du bao) (Mang diéu khién)

Bén canh qua trinh diéu khién (sir dung m6 hinh nguoc), qué trinh nhén
dang thong s6 on-line cua 2 mang van phai duoc tlep tuc tién hanh song
song d¢é tao kha ning thich nghi cho qua trinh diéu khién.

Ta tién hanh khao st cc truong hop diéu khién khi thong sé van thay doi:

> Diéu khién khong thich nghi khi thong sb cac van thay ddi

e TET]

L] b JAT]
" " . lIi]II[L

rTrrT

it

Il i bal e lal Tanmks

Li o didn fién Kidng thich ngii

Khi diéu khién, 1000s dau tién thong s 2 van van gitt nguyén nhu budc 1
(ay =2 cm® vd a; = 0.5 cm® ). Tiét dién van thong va van x4 chi thay doi dén
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gid tri m&i 1a a; = 1 cm? va a, = 0.8 cm? tir gidy thir 1001 dén khi két thiic
qué trinh diéu khlen (3000s)

-t Y] e | L=t BT

HE T

Qud trinh diéu khlen khong thich nghi véi tin hiéu dat c6 dang vuodng, sin

Nhén xét:

Ban dau, khi dic tinh dong hoc ddi tuong khong thay ddi, ddi tugng dugc
diéu khién rét chinh x4c.Tuy nhién, khi dic tinh dong hoc d6i twong bat dau
thay doi, do khong c6 sur thich nghi, by diéu khién dugc huan luyén & budc
1 to ra khong con phu hop voi déc tinh dong hoc nguge moi cua d6i tuong
va qud trinh diéu khién xuat hién sai s diéu khién twong ddi 16n.

> PDiéu khién thich nghi khi thong sé cac van thay déi

—

it} Ak
s STk VR ) o - ]l: o
oood nith -
liEret lorveted fmdel Senial Tanks
. ¥y ¥ ¥
EI--

Pniancation BI0CK

Ireaeated membel il

Liwn fo dien iién thich nghi [+ bon nwoe noi fép rong Sindink

Qui trinh diéu khién twong ty nhu trudng hop trén. Tuy nhién, thuét todn
dicu khién thyc thi ludn ca giai doan di€u khién va giai doan thich nghi.
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S P
. b
N 1
..I.I 'I
B 1
PR o

.

kgt

Kl i Il (1] -l [h] 1

Qud trinh diéu khién thich nghi véi tin hiéu dit c6 dang vudng, sin

Nhén xét:

Bo diéu khién thich nghi mo hinh nguoc c6 thé diéu khién chinh xdc dbi
tuong ngay ca khi thong s6 dbi tuong thay ddi va véi moi dang tin hi¢u dat.
Tai thoi diém dic tinh dong hoc ddi tugng thay doi, sai sd diéu khién c6 thé
tuong ddi 16n do qua trinh huan luyén chua kip thich nghi. Tuy nhién, chi
sau mot thoi gian ngan hudn luyén on-line, b diéu khién mé hinh nguoc da
c6 thé thich nghi dugc véi dac tinh dong hoc ngugc mdi cua ddi tuong.

> Vai tro ciia by diéu khién phu PD kinh dién:

Ta s& xem xét sy anh hudng ctia by diéu khién phu PD trong ca 2 qu4 trinh:
di€u khién thich nghi va diéu khién khong thich nghi.

Gz thnk dew khien do cao mue neoc bon 2

Guathnk diew khien do cao moe nuoc bon 2

1] =]
v S
£ wan fhay adi h dal / van may adi b2 dal
L] rv-| ] h ] 4 0 ; |r-»- i i
T 17 b T b A
= . = [ ; ,
T A b | e o .1[|:..—m- | | -y
g | g : :| I | :
I g i ] . |
2] | s a1 U B
g i | | 7 ; | " ; i ;
A ! s o ;o
% ; | | § ; ; |
10 I - 0 l L.......i :
J—— [ —
. . . . . . . 1 . . . . . . .
uD 50 1000 150 Q00 e 00 5500 4000 a 50 1000 1500 000 28000 3000 3500 4000
Thai gian |s] Thai gian |5]

Qud trinh diéu khién thich nghi c¢6 va khong c6 bo diéu khién phy PD
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Gl thnk e khien do cao moe fuoc bon 2 Cusa tinh dieu kfien do cao muc ruoc bon 2

- . "
oo b e M AT e e

ety ) O AT T i

e e e A el SR ala
10 | N A M g .'J_rf'\ [.‘rl' Mo e k] A e = e e e e e e e e en e nen s e e e ]

Chigu can mae nuos bon 2 |em|
=

Chigs can e nwoc bhon 2 [om]
o
L

| -
i b2 et } ---ooo b dat

0 L L L L s L s L L L L L L L L L L L
a 0100 &0 200 @S0 =00 350 4000 as0 =00 DD S0 1000 150 200 250 300 350 400 450 SO0

Thai gian |5] Thai gian [5]

Qud trinh diéu khién khong thich nghi c6 va khdng c6 b diéu khién phu PD

Nhén xét:

Trong ca 2 truong hop, ta thdy khi khong c6 b diéu khién phu PD hd tro,
qud trinh thich nghi to ra chdm hon. That ra, tc do thich nghi 12 nhu nhau.
Tuy nhién, khi bo diéu khién md hinh ngugc chua kip thich nghi voi dac
tinh dong hoc mai thi bo diéu khién phu PD da hd trg rt nhiéu trong viéc
diéu khién dbi tugng, han ché phan 16n sai s6 diéu khién.

Nhu vdy, bo diéu khién phu PD di gitp cho viéc 6n dinh héa va nang cao
chat Iugng diéu khién cuia hé thong.
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CAU HOI ON TAP VA BAI TAP

1. Thé nao 12 diéu khién thich nghi ?
2. Tai sao phai diéu khién thich nghi ?
3. Luu dd giai thuat thiét ké luat MIT?

4. Xét tinh 6n dinh ctia vong diéu khién thich nghi trong vi du 3.4, ing
dung Matlab m6 phong két qua thu dugc trong hai truong hop:

1. St dung luat MIT.
2. St dung luat hi¢u chinh bd sung.
5. Hé thich nghi mé hinh tham chiéu MRAS ?
- So dd nguyén ly.
- Noi dung phuong phép gradient va luu d6 giai thuat.
6. Ung dung Matlab md phong vi du 3.2: MRAS cho hé bac nhat.
7. Thiét ké MRAS dung 1y thuyét 6n dinh Lyapunov.
8. Thé no 1a thiét ké bo diéu khién hdi tiép tuyén tinh ngd ra?
9. Xét h¢ thong bac 2 khong dao dong c6 ham truyén dat nhu sau:
G(s)= %
s(a, +a;s+s7)
Trong dé:

a,,a,,k la nhirng tham ) (duong) chua biét va phu thudc vao t. Ta diéu
khién ddi turong nay bang bo PID tu chinh gidn tiép va mét b tién xi 1y dé
lam giam do vot 16 cua h¢ kin.

1. Thiét ké co cAu chinh dinh cdc tham s6 cho hai b diéu khién trén.

2. Xéc dinh céc gia thié't’ can ph?li co V’é téc do thay ddi céc tham s
a,,a,,k (nhanh/chdm nhu thé nao) dé hé thong thich nghi trén lam viéc dat
chét lugng yéu cau?

10. Xét d6i tuong bat dinh c6 ham truyén:
Gy kYO
1+Ts U(s)
Trong d6: k, T 1a hai hang s6 duong chua biét.
Thiét ké bo diéu khién thich nghi ngd ra u = —kx

V6i x 12 bién trang théi
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X =Yy

X, =X =Y
Sao cho hé kin c6 ham truyén la:

1
1+3s

11. Ung dung Matlab md phong vi du 3.9 va vi du 3.10 dung 1y thuyét on
dinh Lyapunov.
12. B9 tu chinh dinh STR gién tiép.
13.~U’ng dung Matlab mé phong vi du 3.13: B tu chinh dinh gidn tiép véi
nhiéu xac dinh.

G (s)=

14. Diing Matlab mo phong vi du 3.14: B tu chinh dinh gidn tiép véi nhiéu
ngau nhién.

15. B tu chinh dinh STR truc tiép.

16. Diéu khién du bdo thich nghi.

17. So sanh gitta MRAS va STR.

28. Chinh dinh ty dong.

19. Lich trinh 46 loi.

20. Diing Matlab md phong vi du 3.11 dé kiém dinh lai két qua hinh 3.19.
21. Ung dung Matlab mé phong vi du 3.12: Tay mdy hai khép ndi

22. Diing Matlab md phong vi du 3.19: Bo diéu khién mo thich nghi gidn
tiép cho hé con lac ngugc.

23. Diing Matlab md phong vi du 3.20: Bo diéu khién mo thich nghi tryc

tiep.

24. Cho qué trinh dugc mo ta bdi:

50
()= s(s+4)

Vi ¢6 chi tiéu chat lugng nhu sau:
[((r=u.) +pu e
0

Biét rang, luat diéu khién c6 dang:

u(t)=—s, (y—u,)

Trang 409



Chuong 3 Diéu khién thich nghi

Hay
+
u(t)z—w(y—uc)
ptn

St dung phuong phép gradients t6i ru héa mot cach chinh xéc cac thong s6
cua hé thong tir md hinh udc lugng qué trinh.

25. Cho quaé trinh dugc mo ta boi:
x=A(0)x+B(O)u,
y=C(0)x
Va mo hinh kém theo la:
x,=A x, +B u.
Y =€,
Gia su rang: bic ctia qué trinh va bac cua md hinh kem theo l1a gidng nhau.
Va tat ca céc trang thai déu 6n dinh.

(a) Tim diéu kién dé c6 thé dat duoc cic trang théi trong mo hinh hoan
hao kem theo.

(date=x—xp)
(b) Str dung ly thuyét Lyapunov dé dat duoc co ciu chinh dinh 6n dinh
(x4c dinh A(0) va B(6))
(Goti y:
Str dung ham Lyapunov sau:
V=e'Pet+tr(A-A,) QO (A-A)+tr(B,—B) O,(B, — B)
Trong dé:

e=x-—2x,).

Trang 410
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GIOI THIEU LY THUYET PIEU KHIEN TU PONG

Diéu khién tu dong dong vai tro quan trong trong sy phat trién ciia khoa hoc va k§y thuat. Linh
vuc nay hitu hiéu khip noi tir hé thong phi thuyén khong gian, hé thong diéu khién tén lira, may bay
khoéng ngudi lai, nguoi may, tay may trong cac quy trinh san xuat hién dai, va ngay ca trong doi
song hang ngay: diéu khién nhiét do, do am..

Phat minh dau tién khéi dau cho viéc phat trién cua ling vuc diéu khién ty dong 1a bo didu toc
ly tam dé diéu chinh nhiét d6 may hoi nuéc ciia Jame Watt nim 1874. Cac cong trinh dang cha y
trong budc dau phat trién 1y thuyét diéu khién 1a ctua cic nha khoa hoc Minorsky, Hazen,
Nyquist...naim 1922. Minorky thuc hién hé thong diéu khién ty dong cac con tau va ching minh tinh
6n dinh cua hé théng c6 thé dugc xac dinh tir phuong trinh vi phan mo ta hé thong. Nam 1932,
Nyquist d3 dua ra mot nguyén tic twong d6i don gian dé xac dinh tinh 6n dinh cua hé thong vong
kin duya trén co sé dap Gng vong hd ddi v6i cac tinh hidu vao hinh sin & trang thai xac lap. Nam
1934, Hazen di gi6i thiéu thuat ngir didu chinh co ty dong (servo mechanism) cho nhitng hé thong
diéu khién dinh vi vaa thao luan dén viéc thiét ké hé thong relay diéu chinh dong co véi ngd vao tin
hiéu thay doi.

Trong sudt thap nién 40 cua thé ky 20 phuong phap dap ung tan sd da giup cjo cac ky su thiét
ké cac hé thong vong kin tuyén tinh thoa cac yéu cau chit luong diéu khién. Tu cubi thap nién 40
cho dén dau thap nién 50 phuong phap quy dao nghiém cua Evan duoc phat trién kha toan ven.

Phuong phap quy dao nghiém va dap tng tan s6 duoc xem 14 cbt 16i cua 1y thuyet diéu khién cb
dién cho phép ta thiét ké duoc nhirng hé théng 6n dinh va thoa cac chi tiéu chat luong diéu khlen
Nhitng hé théng ndy dugc chip nhan nhung chua phai 1 t6i wu, hoan thién nhat. Cho t&i cudi thap
nién 50 cua thé ky 20 viéc thiét ké mot hay nhiéu hé thong dan dan dugc chuyén qua viée thiét ké
mot hé thdng tdi wu véi ¥ nghia day da hon.

Khi cac may moc hién dai ngay cang phuc tap hon voi nhioéu tin hiéu vao va ra thi viéc mo ta
hé thong diéu khién hién dai nay doi hoi mot lwong rat 1on cac phwong trinh. Ly thuyét diéu khién
cb dién lién quan cac hé théng mot ngd vao va mot ngd ra tré nén bat luc dé phan tich cac h¢ théng
nhiéu dau vao, nhiéu dau ra. Ke tir khoang nam 1960 tré di nho may tinh socho phép ta phan tich
cac hé théng phuc tap trong mién thoi gian, Iy thuyet diéu khién hién dai phat trién dé d6i pho voi sy
phtre tap cua cac hé théng hién dai. Ly thuyét diéu khién hién dai dua trén phan tich trong mlen thoi
gian va tong hop dung cac bién trang thai, cho phép giai cac bai toan diéu khién c6 cac yéu cau chit
ché vé d6 chinh xac, trong lwong va gia thanh ctia cac hé thdng trong linh vire k§ nghé khong gian
va quan sy.

Su phat trién gan day cua ly thuyet diéu khién hién dai 1a trong nhiéu linh vuc diéu khién ti uu
cua cac hé thong ngau nhién va tién dinh. Hién nay may vi tinh ngay cang 1€, gon nhung kha nang
xu ly lai rat manh nén né dugc dung nhu 1a mot phan tir trong cac hé thong diéu khién. Nhitng ap
dung gan day cua ly thuyét diéu khién hién dai vao ngay ca nhitng nganh k§y thuat nhu: sinh hoc, y
hoc, kinh té, kinh té xa hoi.

I. NHUNG KHAI NIEM CO BAN
1. Piéu khién hoc (Cybernctics):

La khoa hoc nghién ctru nhitng qua trinh didu khién va truyén thong may moc, sinh vat va kinh
té. Piéu khién hoc mang ddc trung téng quéat va dugc phan chia thanh nhiéu linh vic khac nhau nhu:
toan diéu khién, diéu khidn hoc k¥ thuat, diéu khién hoc sinh vét (phong sinh vét: bionics), diéu
khién hoc kinh té.

2. Ly thuyét diéu khién tw dong:
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La co s& 1y thuyét ciia didu khién hoc k¥ thuat. Diéu khién ty dong 13 thuat ngir chi qué trinh
didu khién mot ddi twong trong ky thuat ma khong c6 su tham gia cua con nguoi (automatic) nd
nguoc lai voi qua trinh diéu khién bing tay (manual).

3. Hé thong diéu khién tw dong:

Mot hé thong diéu khién ty dong bao gdm 3 phan chu yéu:
Thiét bi diéu khién (TBPK).

- Ddi tuong diéu khién (DTPK).

- Thiét bi do luong.

Hinh 1.1 1a so d6 khéi ciia hé thong diéu khién ty dong.

TBDBK DTbK

A\ 4

1-I l
A 4

TBDL

A\ 4

Hinh 1.1

Trong do:

C: tin hiéu can diéu khién, thudng goi 13 tin hiéu ra (output).

U: tin hiéu diéu khién.

R: tin hiéu chil dao, chuan, tham chiéu (reference) thudng goi 1a tin hidu vao (input).

N: tin hiéu nhiéu tac dong tir bén ngoai vao hé thong.

F: tin hiéu hoi tiép, phan hoi (feedback).
4. Hé théng diéu khién kin (closed loop control system):

La hé hténg diéu khién c6 phan hoi (feeback) nghia 14 tin hiéu ra duoc do luong va dua vé thiét
bi diéu khién. Tin hiéu hoi tiép phdi hop vdi tin hidu vao dé tao ra tin hiéu diéu khién. Hinh 1.1
chinh 1 so d6 cua hé théng kin. Co so 1y thuyét dé nghién cru hé thdng kin chinh 13 1y thuyét diéu
khién ty dong.
5. Hé thong diéu khién hé:

DBdi voi hé théng ho, khau do luong khong duoc dung dén. Moi su thay ddi cua tin hiéu ra
khong duoc phan hoi vé thiét bi diéu khién. So dd hinh 1.2 14 hé théng diéu khién ho.

Rl 1epK v PTDK | &,

»

o Hinh T.2: H¢ thong diéu khién ho ,
Co s¢ 1y thuyét dé nghién ctru hé thong ho 1a 1y thuyét vé relay va 1y thuyét 6tomat hiru han.

II. PHAN LOAI HE THONG PIEU KHIEN TU PONG

Hé thong diéu khién c6 thé phan loai bang nhiéu cach khic nhau. Sau day 1a mot sb phuong
phap phan loai:

1. Hé tuyén tinh va phi tuyén:

C6 thé ndi hau hét cac hé thong vat 1y déu 1a hé phi tuyén, c6 nghia 1a trong hé thong co it nhat
mot phan tir 1a phan tir phi tuyén (quan hé vao ra 1a quan hé phi tuyén). Tuy nhién, néu pham vi thay
d6i ciia cac bién hé thong khong 16n, hé thong co thé duge tuyén tinh hoa trong pham vi bién thién
clia cac bién twong ddi nho. Pbi v6i hé tuyén tinh, phwong phap xép chong ¢ thé dugce p dung.

2. H¢ bit bién va bién thién theo thoi gian:
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Heé bat bién theo thoi gian (hé ding) 1a hé thong c6 cac tham sd khong ddi (theo thoi gian). Bap
Umg cua cac hé nay khong phu thudc vao thoi diém ma tin hiéu vao duoc dit vao hé thong diéu
khién phi thuyén khong gian, v6i khdi lugng giam theo thoi gian do tiéu thu ning lugng trong khi
bay.

3. Hé lién tuc va gidn doan theo thoi gian:

Trong hé lién tuc theo thii gian, tat ca cac bién 13 ham lién tuc theo thoi gian. Cong cu phan tich
h¢ thong lién tuc 1a phép bién d6i Laplace hay Fourier. Tronh khi d6, hé gian doan 1a hé théng co it
nhat mot tin hiéu 13 ham gian doan theo thoi gian. Ngudi ta phan biét hé thong gian doan gom:

- Hé théng xung: 13 hé thong ma trong d6 c6 mdt phan tir xung (khoa dong ngat) hay 1a tin hiéu
duoc ldy mau (sample) va giir (hold). (Hinh 1.3)

e(t) Déi tuong diéu khién
r(t o(t
®) 5 G(p) )
()

A 4

F(p)

Hinh 1.3: Hé thdng diéu khién xung.
- Hé thong sb: 1a hé thdng gian doan trong d6 tin hiéu dugc ma hoa thanh logic 1, 0. P6 14 cac

hé thdng c6 cac khau bién doi twong tu / sb (A/D), sb/ twong tu (D/A) va dé két ndi két ndi tin hicu
v&1 may tinh s6. (Hinh 1.4)

Déi tuong diéu khién

e |-

— ] MTS D/A
Nga vao
dang s

A 4

A 4

G(p)

Hinh 1.4: Hé thong diéu khién s6

Cong cu dé phan tich hé théng gian doan 13 phép bién d6i Laplace, Fourier gian doan hay phép
bién doi Z.

4. H¢ don bién va da bién:

Hé don bién 13 hé chi c6 mot ngd vao va mot ngd ra. Cong cu dé phan tich va téng hop hé don
bién 14 1y thuyét didu khién cb dién. Vi du: hé diéu khién dinh vi (vi tri).

Hé da bién 13 hé c6 nhiéu ngd vao va nhiéu ngd ra. Cong cu dé phan tich va tong hop hé da bién
la ly thuyét diéu khién hién dai dua trén co s& biéu dién hé trong khong gian trang thai. Vi du: hé
diéu khién qué trinh (Process Control System) c6 thé gom c6 diéu khién nhiét do va ap suat.

5. H¢ théng thich nghi va hé théng khong thich nghi:

Heé thong thich nghi 1a hé htong hoat dong theo nguyén tic tu chinh dinh, trong d6 hé thong tu
phat hién nhiing thay d6i ciia cac tham s6 do anh hudng ciia moi trudng bén ngoai va thyc hién viée
diéu chinh tham s6 dé dat duogc chi tiéu tdi uu duge dé ra.

6. Hé xac dinh (deterministic) va hé ngiu nhién (stochastic):
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Mot h¢ thong diéu khién 1a xac dinh khi dp (mg d6i v&i mot ngd vao nhat dinh c6 thé dugc biét
trude (predictable) va ¢ thé lap lai dugc (repeatable). Néu khong thoa mén 2 di€u kién trén, h¢
thong di€u khién la ngau nhién.

III. NHIEM VU CUA LY THUYET PIEU KHIEN TU PONG

Pé khao sat va thiét ké mot hé thong didu khién tu dong ngudi ta thuc hién cac budc sau:

a) Dua trén cac yéu cau thuc tién, cac mo hinh vat 1y ta xdy dung mé hinh toan hoc dya trén cac
quy luat, hién tuong, quan hé cia cac ddi tugng vat 1y. M6 hinh toan hoc ctia hé thong dugc xay
dung tir cac md hinh toan hoc ctia cac phan ti riéng 1é.

b) Dua trén 1y thuyét on dinh, ta khdo st tinh 6n dinh ctia hé thong. Néu hé thong khong 6n
dinh ta thay d6i ddc tinh ciia hé thong bang cach dua vao mdt khau bo chinh (compensation) hay
thay d6i thay d6i tham s6 ctia hé dé hé thanh 6n dinh.

¢) Khao sat chat luong ctia hé theo cac chi tiéu dé ra ban dau. Néu hé khong dat chi tiéu chat
lugng ban déu, ta thuc hién bd chinh hé théng.

d) M6 phong hé thong trén may tinh dé kiém tra lai thiét ké.

e) Thyuc hién mé hinh mau (prototype) va kiém tra thiét ké bang thuc nghiém.

f) Tinh chinh lai thiét ké dé t5i wu hoa chi tiéu chat lugng va ha thap gia thanh néu c¢6 yéu cau.

g) Xay dung hé thong thuc té.



