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THIET KE BO PIEU KHIEN TOC PO
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Tom tit: Bai bao dé& xuat phuong phap giam anh
huéng cua nhidu bién do giéi han bang toan tir tham
chiéu, cho bo diéu khién toc do bang tai s dung didu
khién thich nghi mé hinh tham chiéu hiéu chinh. Ngoai
ra, bai béo ciing trinh bay viéc xem xét vé anh huong cua
céc tham so: sai s6 trang thai, d6 loi sai sé hoi tiép, do loi
thich nghi, va viéc chon do loi sai sb hoi tiép thich hop
tang kha nang bam toc do ctia hé thong. Bai bao ciing tién
hanh cac md phong va thuc nghiém, dé so sanh kiém
chtmg hiéu qua ciia viéc giam anh huéng cua nhiéu bién
d6 gioi han cua bo diéu khién méi.'

Tir khoa: Diéu khién thich nghi mo hinh chuén, diéu
khi€n bén viing, mo6 hinh héa bang tai, ngd vao bao hoa,
dicu khién toc do, dicu khién bang tai, toan tor tham
chiéu.

. MODAU

Bing tai 1a mot hé thng dugce sir dung rat nhleu trong
cac nha may cong nghiép, bai toan diéu khién tc do bang
tai vdi cac thudt toan khac nhau da dugc nghién ciru va
cong b6 trén cac tap chi hoi thao khoa hoc trong va ngoal
nude. Khi mé hinh hoa hé thong bang tai, dé tinh todn ap
dung céc ly thuyét diéu khién, s€ c6 cac tham so khong
thé xac dinh chinh x4c nhu: hé sé ma sat, hé sb co gian
cua bang tai, lyc cang.... Vi viy, dé dleu khién téc do
bing tai tot co thé si dung thuat toan didu khién thich
nghi, v6i vu diém cyc ky quan trong la c6 kha nang dleu
khién cac h¢ thong, ma khong can biét chinh xdc mot s0
thong s0 [2, 3]. Trong linh vyc diéu khién thich nghi, thi
diéu khién thich nghi dwa theo md hinh tham chiéu
(Model Reference Adaptive Controller: MRAC), la mot
trong nhitng hudng nghién ctru phd bién [4—6].

Mic di bo diéu khién MRAC [13] c6 thé bam tdt theo
tin hiéu tham chiéu ¢ ngo vao, nhung trong thoi gian qua
d6 thi kha nang bam cta n6 kém, vi trong thoi glan nay bd
dleu khién phai u6c lugng cac thong s0 khong xéc dinh.
Tée d6 wdc lugng dwoc dinh nghia la tbe do thich nghi.

Néu tang toc do thich nghi, thi kha ndng bam trong
thoi gian qua do duogc cai thién, tuy nhién diéu nay lai tao
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ra thanh'phz‘in “tan s6 cao trong tin hi¢u diéu khién, anh
huong dén do on dinh ctia hé thong [7].

Trong cac hé thong ky thuat, vin dé ngo vao diéu
khién bi bdo hoa thuong xuyen gdp phai, va n6 duoc xem
nhu 1a mot trong nhimg nguyén nhén dan den chat luong
didu khlen bi giam, thdm chi dan dén mit 6n dinh [8, 9].
Vi vay, van dé bdo hoa ¢ ngd vao cua tin hi¢u dleu khlen
cling can dugc xem xét trong qua trinh thiét ké bo diéu
khién.

Ngoai ra cac thong sO wdc luong trong lut diéu khién,
s& bi troi dan dan néu c6 anh huong cta nhiéu c6 bién do
gi6i han. Mot s6 ki thuat [10] duoc st dung dé giai quyét
van d& nay, nhu 13 e-modification, c-modification hay
toan tir tham chiéu (projection operator).

Dé loai bo cac dao dong tan s6 cao trong tin hiéu didu
khién ngo vao, dong thoi cung giam bot anh huong cua
nhiéu co bién do glO’l han, va tang chat luong diéu khién &
trang thai ngd vao bdo hoa, c6 thé hiéu chinh b diéu
khién MRAC bang cach thém vao vec to sai 1éch trang
thai va do loi sai 1éch hoi tiép [11], tao thanh bo diéu
khién thich nghi mé hinh tham chiéu hiéu chinh
(Modified—Model Reference Adaptive Controller: M-
MRAC) [14]. B6 didu khlen M-MRAC hiéu qua hon so
v6i diéu khién MRAC truyén thong (Conventlonal Model
Reference Adaptlve Controller: CMRAC) vé kha nang
bam toc do, & ca hai trang thai qua do va tiém cén on dinh.
Céc thanh phan tin s6 cao trong cac ngd vao dleu khién
ctia h¢ thong M-MRAC, dugc giam khi tang hé sO thich
nghl [14]. Tuy nhién, khi tang d0 loi sai so hoi tlep s€ lam
giam céc thanh phan tan s6 cao khong mong muon, nhung
khi tang do loi sai s hoi tlep to1i mot mirc Ao nao do, thi
sai sO bam gitra ngd ra by didu khién tham chiéu va ngd
vao tham chiéu ciing cao.

Trong bai bao nay dé xuét mot bd diéu khién tc do
bang tai sir dung toan tir tham chiéu, dé giam anh huong
cua nhleu bién do gidi han. Ngoal ra, cac han ché cua véc
to sai s6 trang thai, do loi sai so hoi tiép va do loi thich
nghl cling duge xtr 1y, bang cach chon do loi sai so hoi
tlep thich hgp. Bai bao ciing dua ra cac Kkét qua m6 phong
va thyc nghiém, dé danh gia vé hiéu qua cua bod dleu
khién dé nghi. Céc thyc nghiém dugc chay trén hé thong
ba bang tdi thyc, trong phong thi ngh1em thudc khoa K¥y
Thuat Thiét Ke Co Khi, dai hoc quoc gia Pukyong,
Busan- Han qudc. Phong thi nghiém u‘ng dung dién - dién
tr, khoa Ky Thuat Dién Tu 2, hoc vién Cong Nghé Buu
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Chinh Vién Théng. Va tng dung cho hé théng cin bing
tai ty dong nha may xi mang Insee Viét nam.

Il. TOAN TU THAM CHIEU VA CAC TiNH CHAT

Pinh nghia 1: Mot tap E e R
kién sau:

1a tap 10i néu thoa didu

ax+(l-ay) € E (1)
Voi x,yeEva0<a<l

Luu y: Tinh chit trong mot tap 16i 1 néu hai diém x, y
bat ky thugc mot tap 10i E, thi tat ca céc diém trén duong
thing nbi giira x va y ciing thuoc tap 16i E.

Pinh nghia 2: Néu mot ham R* — R 14 16i néu:
f(axt(1-a)y) <afx)+1-a)f(y) 2)

Véi 0<a<l

B6 a 1: Néu f(O)R" >N 1a mot ham 13i

thi 05 ={fe R ‘ f (6) <5} cling 1a mot ham 16i véi hang

s6 bitky 5> 0.

Ching minh bé dé 1: Vi 61,620 5
f (191) <& .Do f(6)1a mot ham 16i nén tir dinh nghia (2)
s€ ¢o:
f (ag1+(1-2)02) < (a T (6) H(1-a) T(62)
Ntk Bt O, o2
0 <5 <5 (3)
f<as+(1-a)s=6
Vi f(0)< 6, nghia la 6 thudc tap O5(0€0y), nén
tir dinh nghia 1 ¢6 thé két luan O 5 1 tap 16i.
Bb a8 2: V6i (0):R* — R 1a mot ham 16i dao ham lién
tuc. Chon mot
O5 = {0 eR"[f(0) <5} c K. V6i 6" 1a mot diém trong

hang s6 >0 va xem xét

Oy, nghia 1a f (§") < 5. Chon ¢ 1a mot diém tai bién vi
thé f(0p)=5 . Véi didu kién sau:

(6"-0p) Vf (0p) < 0 4)

T
o (op) ot (op) o (Op)
96p1 06b2  O6bn

Véi Vf (0p) =

Chirng minh bd dé 2: f(0)1a mot ham 16i, tir phuong
trinh (3) cho 0, = 0" va 0y = Opst thu dugc phuong trinh

sau:
f(ad™+(1-a)0p) <af(@)H1-a)f(6p)  (5)

Tuong duong:
f(Op+a©-0p) < f(op)+a(f(@)-T(6p) (6)

Véi bat ky 0<a <1, f(0")<5va f(6,)=5tr gia thiét
bd dé 2 va bat phuong trinh (6) s& duoc:
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f (Op+a (0" -0p))F (6p)
a

< f(0") - f(6p) < 5-6=0 (7)

Vi 6 duoc dinh nghia nhu sau:
0=ab" +(1-a)f, =6, +a(d -) (8)

Tur phuong trinh (8) thu dugc o nhu sau:

0-6
=0 ©
0 -6p
Tir phuong trinh (7) lay gi6i han véia — 0 vad — 0,
lim @)=
a—0 a
. f(O)-f (9b)
- g}[}b 9-6p
6 —6p
f f
= lim@ -0 ! 1100 o)
9 )

=@ - Hb) ;irglh W
- b

= (0" - 0p) VE(0p) <0
Pinh nghia 3: Mot toan tir tham chiéu cho hai véc to

0j.Yj e R" dugc dinh nghia nhu sau:
vij(o)vislor)
v eyt ()
Proj(yj.0j.1j) = i) an Vo
V= khifj(@j)>0/\(ij(0j))Tyj>0
Yj otherwise
Vi (0]) = i0D A30p  AOD| s togn 1w
J 69j1 89j2 66jn

113

va”, f jzfﬂn —> R 12 mot ham tron 16i duoc dinh nghia

nhu sau:
2 2
dill —05
H JH max
fj("i)= ) o (12)
glej max
Voi Hjmax la gidi han bién cua Hj va £ la gia tri dung
sai hoi tuy.

B6 dé 3: Mot tinh chat quan trong ciia toan tir tham chiéu
duogc cho boi phuong trinh sau:

0i-0)" [Prof{:,f yi)-y:]<0 (13)
1% TOJ(QJ’ J’yJ)_yJ =

Lo ¥ N P [P
V6i0; eQyva Q) 1 {ejesn ‘fj(é‘]so}.
Chimg minh b dé 3:

Chu y rang:
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T (.
03-0)" (P01 ) )

* (14)
= (0 o))" (yj—Pf"j(ﬁ’f j’yi))

A T AY b
Neuqu‘(lgj)>0,/\(ij(9j)) yj>0, tir phuong trinh (10)
va bo dé 2 thi ve phai cua phuong trinh (14) tré thanh:

V0V @)

(6*79)1- . — P
TP YT Y 2
[vtiop)

yjfj@j
sk
O5-0D"VEj @V ¥j
<0 >0
2
[vijop) 0

Nguoc lai néu Proj(gj,f j,yj): y. , nhu vdy phuong

j
trinh (13) d& dugc ching minh.

Dinh nghia 4: Dang thong dung cuia mot toan tur tham
chiéu 1a mot ma trdn md rong n x m, mot véc to toan tur
tham chiéu trong dinh nghia 3 nhu sau:

Proj(®. Y. ) = | Proj(4p.yy. f - Proj( @Y f) | (15)

Vi Proj(g i Vi f i 12 mot toan tir tham chiéu voi hai véc

to éj, Y e*ﬁn(j =10m) nhu trong dinh nghia 3,

0.y e ™™ va £ e %™ 1a mot ham véc to 16i.

B6 dé 4: dat F[fl...fmf e ®™1a mot ham véc to 10i,

6= [él...ém]@ ~[or-6m] va Y= [yl...ym} véi

6,0,Y e ™™ thi b4t ding thirc sau s& thoa:
trace{(é)—o)T (Proj(o,Y,f)-Y)} <0 (16)

Chirng minh bd dé 4: st dung phuong trinh (13) s&
duoc:

trace {(é)—o)T (Proj(@,Y,f)-Y)}

fp-yjp=<o

T M3

R T oA
1(91'—<9j) (Proj(4j, Y
J

. THIET KE BQ DIEU KHIEN M-MRAC SU
DUNG TOAN TU THAM CHIEU
Mot bang tai bao gom hé théng co khi va h¢ thong
dién. M6 hinh hoa don gian cua hé thong co khi cua bang
tai thir i dugce trinh bay trong hinh 1 (i = 1, 2, 3).
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San phim
/ Truc truyén
Truc cing dong
Ji2 % Bing cao su @ Jin

Dong co
xoay chiéu

Hinh 1. M6 hinh héa don gian ctda bang tai thev i

Trong hinh 1, cac bd tham s6 (Jiy, Jp), (@, @), (fu, fo) va
(D, Di) lan luot fuong ung la cac moment quan tinh cc van
toc goc cac hé sb ma sat va cac dudng kinh, ciia truc truyén
dong va truc cang bang tai.

Pé kéo bang tai, hé thong sir dung hé truyén dong dién bao
gdm dong co Xoay chidu kéo truc truyen dong. DBong co nay
duoc dicu khién toc do bang bién tan. Toc do dat cho h¢ thong
duogc cung cp t6i bién tan bang mirc dién ap DC, dé diéu khién
dong co xoay chiéu tao ra moment xodn (torque) du dé kéo
bang tai. Moment xoén ctia bang tai thir i dugc cho nhu sau:

7, =0, + fio, +74 (1) (17)
trong d6 Jj=Jy + Jp, fi=f, +1, ‘[d,(t) la moment xoén do nhiéu
bén ngoai tao ra (chdng han nhw kh01 luong ctia san pham duoc dat
Ién bang tai), va 7 [a moment x04n can thiét ma dong co xoay
chiéu phal tao ra, dé kéo hé thong co khi ctia bang tai thir i. N6

duoc xac dinh nhu sau:

7, =ku’ (18)
trong do k.]adolo‘lcuablentan, uI ladlenapDCorngovaocua

bién tn thir i 3 tao ra moment xodn mong mudn 7. U;” 1 ngd vao
diéu khién bi béo hoa duoc dinh nghiia nhu sau:

) Uimin khi w; < i
uf = sat(y) = {i; Khi #ppin = #; < Uiz (19)
Yinne khi u; > Uypax

trong do u; la ngo vao diéu khién cta bo diéu khién duoc
dé nghl ddi véi bang tai thar i, Uimin, Uimax 12 bién do gidi
han ctia ngd vao diéu khién thu i

Dua vao cac phuong trinh (17)~(19), m6 hinh dong
(dynamics) cua hé théng bang tai ¢6 thé biéu dién bang
phuong trinh trang thai sau:

x=Ax+B(u -d(t)) (20)
trong d6 x = [@1 @, a)3]T 1a véc to van toc goc ngd ra ciia
hé thong bang tai do bang cam bién xung (encoder) w la

van toc cua bang tai thu i trong hé thong bang tai. u —[U1
U, Us ] la mdt véc to ngd vao bao hoa, d=[d; d, 3] la

7a(t)
k

mot véc to nhiu cé bién do giéi han, void, = , va

cac ma tran chra cac thong sO chua xac dinh
3x3
duoc A,B el ™ duoc cho nhu sau:
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a, 0 0 b, 0
A= 0 a, 0| B=l0 b,
0 0 a, 0 0 b,
véia ——tvap =K
J J

Muc tiéu cta nghién ctru 1a thiét ké véc to ngd vao
diéu khién u = [ul,uz,U3]T cho mét hé thong thich nghi
md hinh tham chiéu hiéu chinh véi cac ngd vao bio hoa,
nhiéu bién d6 giéi han. Va sir dung toan tor tham chiéu
trong bo cép nhat luat diéu khién, dé véc to van te g6c
ngod ra, bam theo véc to ngd ra cuia mot mo hinh tham
chiéu hi¢u chinh.

1. B diéu khién thich nghi mé hinh tham chiéu hi¢u
chinh M-MRAC.

Trong hé thong M-MRAC [14] gi tri cua véc to ngd
vao diéu khién u dugc thiét ké nho hon mét véc to didu
khién 1y twong uy, trong trang thai qua do do sai léch thiét
lap 16n giita d6 loi diéu khién uéc lugng trong cic ma
tran K, ®, dva d6 loi diéu khién chua biét trong cadc ma
tran K, ®,d . Vi vay, tbc do bam theo véc to ngd vao
tham chiéu r & trang thai qua d§ cham. Dé cai thién toc
d6 bam, c6 thé ting toc do thich nghi ¥ . Tuy nhién, khi
ting toc do thich nghi s& lam xut hién cac thanh phan
tan s6 cao khong mong mudn & tin higu diéu khién ngd
vao, cla véc to diéu khién ngod vao u. Do d6, mé hinh
diéu khién thich nghi tham chiéu truyén théng (CMRAC)
[13], dwoc thay d6i thanh mo hinh diéu khién thich nghi
tham chiéu hiéu chinh (M-MRAC) v&i phuong trinh (21)
sau:

X :%xm+er+r'+/1e 21

&= Xx—X (22)

m
Véi A >0 1a d6 loi sai léch hoi tiép, e 1a véc to sai léch

‘- LT ~ ,
trang thai, Xm = [a)ml,a)mz,a)rm] la véc to ngd ra cua

mo hinh tham chiéu va @,; 1a van toc goc tham chicu

thir i.

Khi véc to sai 1éch trang thai tién vé khong, mo hinh
tham chiéu hiéu chinh (M-MRAC) tré thanh mé hinh
tham chiéu truyén thong (CMRAC). Vi vdy, viéc bam
véc to ngd ra khong chi xay ra & M-MRAC ma con ca
trong CMRAC.

Trang thai bao hoa véc to sai 1éch ngd vao duogc dinh
nghia bang phuong trinh sau:

Ae=u-u" (23)
Véi u 1a mot véc to didu khién ngd vao dugc thiét ké sao
cho véc to ngd ra trong trang thai dong c6 thé bam theo
véc to ngd ra ciia mé hinh tham chiéu hiéu chinh phuong
trinh (21).

Véc to diéu khién ngd vao thiét ké duoc dinh nghia
nhu sau:

U=K x+d r+Q r+d(t) (24)
Véi K, d,Q1a cac gia tri udc lugng cia cac ma tran do

loi diéu khién chua biét K,®,Q , va d € R’ 1a véc to
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woc lwong ciia cta véce to hing sé chua biét, d 1a gia tri
trung binh véc to cta d(t) trong phuong trinh trang thai
cta hé théng bang tai x = Ax+B(u"—d(t)) [13].

Tir phuong trinh mé hinh hoa hé thong bang tai va cac
phuong trinh (21) t6i (24) thi dao ham bac nhat cta e s¢
la:

€=X-— )'(m
=(Am-4l)e+BmA(u-— KTX—(I)Tr—QTr'—a)
+BmA(d —d — Au)

(25)

= (Am-Ae+BmAR x—dTr-a'r—d)
+BmA(d —d — Au)

Voi K=K-K, d=d-®, Q=Q-Q,d=d-d
Bo6 qua anh hudng cua ngd vao bao hoa ching ta dinh
nghia mdt véc to sai sO phu:

€, = (Am-2le, — R jAu (26)

Véi (Am-4l) 13 ma trdn 6n dinh Hurwitz va
3x3

K, € %" 1a ma trdn tham s6 thich nghi.

Véc to sai s0 phu dugc st dung d€ bu vao véc to sai sO
trang thai cua ngd vao bao hoa. Khi do6 s€ c6 mét véc to
sai s0 mai duge dinh nghia nhu sau:

@7

Theo céac phuong trinh (25) t6i (27) c6 thé tinh dugc
dao ham bac nhat ctia ey nhu sau:

ey =€ —€eA

€y =6—€EA
= (Am—-1l), +BmA(Kx = @r — Qr —d)

_ (28)
+K5Au+BmA(d —d)

Vi K1 =R —BmA

Céc ma tran do loi diéu khién wéc luong K, ®,Q va

véc to d trong phuong trinh (14), c6 thé thay d6i nho dudi
tac dung cua nhleu bi€n do gidi han. Vi vay, by cap nhat
luat diéu khién véi cc toan tir tham chiéu dé lam giam
anh huong trén, s& dugc thiét ké nhu trong dinh 1y 1.

Dinh ly 1: Mot bo didu khién M-MRAC cho hé thong
bang tai 1a 6n dinh, khi véc to ngd vao diéu khién thiét ké
theo (24), va bd cap nhat luat diéu khién sir dung mot toan
tir tham chiéu duoc cho bdi cac phuong trinh:

® }/lPrOJ(@ Y,f) (29)
K = y,Proj (K R,g)
(30)d = 7,Proj(d(t),8,h) G1)

T
Trong do: Y:[YI Y}— Y-H voi le—B;PeuxT ,

Y, = B! PeurT va Y, = B! PeurT ,
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A A A A T A A A A T
@:[KT @' QT] , @:[KT &' QT} ,
R= _PeuAuT , S :—B-ln—]Peu ,f,g e R* 1a céc véc to
ham 161, h 1 ham 161 v6 huéng va y,,7,,73 > 0 1a cic do
loi thich nghi.

Ching minh dinh ly 1: Chon ham Lyapunov dé phan
tich d6 6n dinh cua hé thdng nhu sau:

V(t)=¢ Pe, +itrace( K'AK +@'AD+Q'AQ)
8 (32)

1
— KT d"Ad)>
+ ” traoe( ) ” ( )

Lay dao ham béc nhit ciia V (t) :

Vity=—¢) (Qm +24P)ey +£trace[((3)—(~))-r A(é—le )}
n

+26) PByA(d —d) +i(6|—6)T A(&—y3s)
73

, T
+%trace[(KA—KA) (KA—}/ZR)} (33)

2
S—Ileull(al||eu||—2d*)377||eu|| <0
(Q )+24

Trong do: a = nin

mln (P)A>0 ,

%
d =|PBpA(d-d)|el, vaa >n>0
V (t) s& co gia tri Am va ban xac dinh khi:
%
* 2d
2 leul -20" 2 nleu] = Jeul = 7= (349
Diéu nay suy ra K, &, Q, KA Va d gioi han tur (32)
dén (34) va ey >0 ciing nhu t > oo theo dinh Iy
Barbalat. Do d6, e —> € A va e gioi han khi va chi khi e A
cling gidi han. Gigi han cia e A dugc chiing minh nhu
sau:
Chon ham Lyapunov:
W [J W (e(t)) =e; Pe, >0 (35)

Str dung nguyén 1y Rayleigh duogc:

amin®leal W < @ s @0
La‘iy dao ham béc nhét theo thoi gian cua W duoc:

W =—e] (Qm +24P)e, —2e] PK ,Au
5 (37)
~Jeal a5 < AW+

al
A (P)

St dung bat phuong trinh Gronwall Bellman, phuong trinh
(37) suy ra:

trong do 4, =2“—el PKZAU“ 20 va 4, = >0.
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eiPe, =W s{w(eA(o))—ﬂexp(—@m% (38)

2

Két hop phuong trinh (35) va (38) & c6:

lime; Pe, < % (39)
% > lime Pe, > 4, (P)lim]e, [’ (40)
2
A
| <A 41
‘EI”}"e " A Aenin (P) “

Va diéu nay chimg minh rang e, bi giéi han.
2. Rang budc ciia véc to sai léch, dd loi hdi tiép va téc
d¢ thich nghi.
Vi K, ®,Q, KAs d giéi han, nén s& ton tai mot
hang s6 /3 thoa méan bat dang thirc sau:

ltrace(KTAK+CT)TAcT)+Q
N

AQ)
1 KK )+—(d"Ad B
+7/2trace(KAK )+%( A )S}/

(42)

Trong do6 y 1a gia tri cyc dai cua tap {71 72 ;/3} .
Tir (32), (42) va nguyén ly Rayleigh c6 bat ding thic sau:
V(t)<ePe, h <|e.J A (P)+P (43)
e e
Dé dat dwoc mot gidi han trén le.| » mot mirc Lyapunov
thiét 1ap dugc dinh nghia nhur sau:
={(e,-K. &, Q. Ra. DV VT (44

442 B

(a-n) 7

St dung nguyen 1y Rayleigh trong cac phuong trinh (32),
(43), (44) c6 bat dang thuc sau:

Trong do: vi=2

max

(P)

2 .
AminP)ea| <elPe, <v <v
4d? B
= S
)
o< [P 4d? B
ﬂ,mm(P) (a 77) }%min(P)

T (34) va (45) suy ra:
* *
2d Amax (P) 4d £
0< <y < [ (46)
(a—n) ’ \/ﬂmin(P) (a—ﬂ)z 7/1min(P)

Do do, tir (27), (41), (46) ecol thé dat duoc gidi han trén
nhu sau:
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Jeull < leu |+ s

Amax (P) 4d "2 s 3 47
(P) \ 22 min(P)

Amin® (a=7)* m

Trong bat phuong trinh (47), gi6i han trén cualle,| c6
thé giam néu do loi hoi tiép A va do lgi thich nghi y
tang.

So db khdi ciia bo diéu khién thich nghi dé nghi duoc
trinh bay trong hinh 2.

r
Mo hinh tham

I chieu

d/de (21)
Xm |
) J ¢ O

v| T €, N x [+

-~

Cée lugt didu khién A Hé thong phy
cap nhat (29)-(31) (26)

Ko | Qd
Hé dién
khién (24)

Bg digu khién
bio hia

u (R E] u“

Bing tai
(20)

Hinh 2. So db khéi cta bé diéu khién duoc dé nghj

IV. CAC KET QUA MO PHONG

Dé kiém tra hiéu qua cua do loi thich nghi, d6 loi hdi
tiép, trong bd didu khién thich nghi truyén théng
(CMRAC) va bo diéu khién thich nghi hiéu chinh (M-
MRAC) véi toan tir tham chiéu, nhom nghién ctru da
thuc hién cac mo phong va thuc nghiém trén ca hai hé
thdng véi cac diéu kién sau:

r; (rad/s)
421 |-~

|

|

|

|
r2 (rad/s) 5 20 25 t(s)
70

|
|
|
|
|
}
s (rad/s) 10 20 40 50 t(s)

70

60 t(s)

Hinh 3. Van tbc géc ctia céc ngd vao chuén.

o Cac gia tri thiét 1ap cia cac bién trang thai va cac ngd
vao diéu khién bang 0. Dién ap cac ngd vao cua cac bién
tan diéu khién truc kéo cac bang tai duoc xem nhu cac
ngd vao cua b diéu khién dé nghi, co thé thay ddi trong
khoang Uimin = Uzmin = Usmin = OV dén Uymax = Uzmax =
Uzmax = 7V.
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e Cac tham s6 mo hinh tham chiéu hiéu chinh dugc chon
lin  lwet la: P =diag ([10*8 10°* 10*8])
a, =ay,, =a, =30, bml = bmz = bm3 =30.

Céc ngd vao tham chiéu tinh theo vén téc goc cho hé
thong bang tai nhu hinh 3.

Thoi gian mo phong la 60 glay, thoi gian lay mau la
Ims. P& minh hoa sy hiéu qua cua bd didu khién M-
MRAC vé6i toan tir tham chiéu dé nghi, xét ba truong hop
dudi day tuwong ung véi ba bang tai trong hé:

o Truong hop I:

Heé sb thich nghi ciia ca hai bo diéu khién M-MRAC
va CMRAC duoc thiét 1ap 1a 71 =10. Tuy nhién, khi do
loi sai léch hoi tiép A =280 hé théng M-MRAC c6 hiéu
qua t6t hon hé théng CMRAC khi qua d6 nhu hinh 4.

50, T T T .
_11
weay,CUA VI-MRAC
40r T ]
- wm¥, €12 CMRAC
» e
o
g 30 1
s
e 1
1]
g 1o |
>0
-10 L . ‘
O 0 25 Thoi gian(s) 60

Hinh 4. Van téc géc cta hai hé théng CMRAC va M-
MRAC véi 7, = 10, A =280 ngé vao tham chiéu n

e

—_ cia M-MRAC
ul{,ct'lzl CMRAC

[

Tin hiéu diéu khién ngd vio (V)

- . . _
] 5 25 Thri gian(s) 60

Hinh 5. Céc tin hiéu ngé vao cta hai hé théng MRAC va
M-MRAC v6i 7, = 10, 2 =280

Trén hinh 4, van toc goc ngd ra Yy, cuahé thong M-MRAC
bam tiém cén voi ngd vao tham chiéu 1, , trong khingd ra Y,
cﬁa’ hé théng CMRAC c6 sai 1éch nho S0 v01 pgf) vao tham
chieu r, . Thoi gian xdy ra cac thanh phan tan so cao trong tin
hiéu diéu khién ngd vio M-MRAC ciing ngén hon hé thong
CMRAC nhu hinh 5.

o Truong hop 2:

Trén hinh 6 van tc goc ngd ra Y,, cho hé thong M-
MRAC véi A =560, bam theo ngd vao tham chiéu T,
trong mot khoang thoi gian ngin hon vén tdc goc ngd ra

TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG
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cho hé théng M-MRAC véi 4 =280, trong thoi glan qua
do. C6 nghia la, cac thanh phan khong mong mubn c6 thé
giam bang cach tang do loi hoi tiép A (tir 280 1én 560).
Tuy nhién, khi tang d9 1¢i sai 1éch hoi tiép nhi€u hon, sai
léch bam mo6 hinh tham chiéu giita ngd vao tham chiéu r,
va ngd ra mo hinh tham chiéu Y,m » cling tdng nhu hinh 7.
Trong hinh ny, sai léch bom md hinh tham chiéu €_, cua
M-MRAC véi =560 16n hone,, cia M-MRAC véi
A =280 . Nghia 13, néu ting do loi sai 1éch hdi tiép A , sai
1éch bam mo hinh tham chicu, gilta ngd vao tham chiéu va
ngo ra mo hinh tham chi€u ciing tang.

100 - y
—— 1, ngd vio tham chicu
_____ Y, cua M-MRAC vdi ) =560
. ) cua M-MRAC v6i =280
.
Z 10 1
g
=
)
o
o
0}
Q
e
-l RN RN
> 201
0
L 1 Il L
0 10 20 Thei gian(s) 40 50 60

Hinh 6. Céc van téc géc ngé ra ctia hé thbng M-MRAC véi
A =280, 1 =560 va ngd vao tham chiéu T,

10 T T

— e Vil k=560
seee V01 h=280
~r
20 Thn gian(s) 40 50 60

inh 7. Sai Iéch bam mé hinh tham chiéu M-MRAC véi
A =280 va 1 =560

Mac du sai 1éch trang thai giam, khi d0 loi sai léch hoi
tiép tang, theo bat phwong trinh (47), sai léch bam mo
hinh tham chiéu ciing ting. Do d6, ngd ra khong thé bam
theo ngd vao tham chiéu.

o Trwong hop 3:

Nhiéu bién d¢ gioi han anh huong trong hé théng M-
MRAC duoc giam bét bang toan tur tham chiéu su dung
trong bo cép nhat cac luat diéu khién, so v6i hé thong
CMRAC nhu trén hinh 8 v6i ngd vao tham chiéu r, dang

budc nhay.

SO 03804 (CS.01) 2019

;i —— 1, ngd vio
Mo 8t seemss }'3\:(111 M-MRAC
_\"cuﬂn CMRAC

(rad/s)

Vian toc goe ngd ra

0 0.19 054

Thin gan(s)

Hinh 8. Véan téc goc ng6 ra cta hai hé théng MRAC va M-

MRAC vé&i nhiéu bién dd gioi han va ngé vao tham chiéu
r3

Trong hinh 8, ¢6 thé thiy van tdc goc ngd ra cua hé
théng M-MRAC Y, bam theo ngd vao tham chiéu 3,

nhanh hon so v&i ngd ra Y, cia hé thong CMRAC

(0.19s so v6i 0.54s), v6i nhidu bién d6 gidi han d = -2 )

Do ngd vao dang budc nhdy, nén dao ham bac nhat
cia né bang 0. Vi vay, tham s6 uéc lugng Q,, clia Q
khong thé udc luong. Cac tham sb wdc lugng khac duoc
biéu dién trén hinh 9 va 10. . )

C6 thé thdy, cac tham sé udc luong ciia hé thong
CMRAC, do anh huong ctia nhiéu bién do g101 han chi
hdi tu t6i cac gid tri on dinh sau 0,5 gidy, con trong hé
thong M-MRAC héi ty gin nhu tirc thoi.

15 - N
' = tham so wdc hrgng  M-MRAC
s tham s wdc lwong CMRAC

1181F, -

-0.0126

/

=

|
s
T

Tham s6 ude luong Kis (V.s/rad)

0.5 Thoi gian(s) 10

Hinh 9. Gia trj K, ctia ma trén tham s6 K cta hai
hé théng CMRAC va M-MRAC v6i nhiéu bién d6 gisi han

5 L) o tham s6 wée Irong  M-MRAC 7|
E 0 tham $6 wéc lrong  CMRAC
>
e |
o |
e |
E "
oo
2l
5 b
o) :
7] 15
E 0.14
SR /
0 05 10

Tho gian(s)

Hinh 10. Gia tri @, ctia ma trén tham s6 ®  cda hai hé
théng CMRAC va M-MRAC v&i nhiéu bién d giéi han
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V. KET LUAN

Bai bao dd dé nghi mot bo diéu khién tdc do cho hé
thong bang tai, st dung moé hinh thich nghi tham ch1eu
hiéu chinh (M-MRAC) vé6i toan tir tham chibu, dé cai
thién hiéu suat trong trang thai qua do, va toan tir tham
chiéu trong bd cap nhat luat diéu khién lam hé théng bén
Vu'ng v6i nhiéu bién do g101 han. Ngoal ra bai bao cling
gidi thich rang budc cua sai 1éch m6 hinh tham chiéu, do
loi sai léch hoi tiép va do loi thich nghl Khi d6 loi sai
1éch h01 tlep tang, sai 1¢ch trang thai s€ gidm va céc thanh
phan tan so cao khong mong mubn ciing glam Mic du
véc to van toc goc ngo ra bam theo tiém cén véi véc to
van toc goc ngo ra ciia m6 hinh hi¢u chinh, sai 1éch bam
tham chiéu cling tang khi tang d¢ loi sai léch hoi tlep Do
do, hi¢u suat bam cua b didu kh1en dé nghi sé& thap, néu
do loi sai 1¢ch h01 tlep tang rat nhiéu. Hon nira, by cap
nhat luat diéu khién vdi toan tir tham chiéu trong bo diéu
khién dé ngh1 c6 thé glam anh hudng cta nhiéu bién do
gi61 han tir cac tham so udc luong.
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BELL CONVEYOR VELOCITY CONTROLLER
DESIGN USING MMRAC AND PROJECTION
OPERATOR IN PRESENCE OF BOUNDED
DISTURBANCES

Abstract: The paper proposes a velocity controller using
projection operator to reduce effectiveness of bounded
disturbances is proposed, In addition, constraint of state
error, the feedback error gain and adaptive gains are also
presented to choose the suitable feedback error gain. The
effectiveness of the proposed velocity controller is
evaluated through simulation and experimental results.
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