Pham Thé Duy, Pham Viét Hung

CAI THIEN KHA NANG BAM CHO BQ
DIEU KHIEN MRAC CUA HE THONG
PIEU KHIEN TOC DO BANG TAI

Pham Thé Duy’, Pham Viét Hung”
"Khoa Ky Thuat Bién T 2, Hoc Vién Cbéng Nghé Buu Chinh Vién Théng
*Phong ky thuat vat tw, tdng cong ty Tan cang Sai gon

Tém tit: Bai bdo dé xuat phuong phép cai thién
kha ning bam cho bd diéu khién MRAC, ctia mot hé
thong diéu khién tdc do bang tai theo cac budc sau:
Trudce tién, hiéu chinh md hinh tham chiéu coa bo
diéu khién MRAC chuédn, dé giam tan s dao dong
cao tac dong lén tin hiéu diéu khién ngd vao, khi ting
hé sb thich nghi. Thir hai, thém tham sé hiéu chinh
vao ludt diéu khién, giam anh huéng cua nhidu cé
bién do6 gidi han, dé bo diéu khién bén viing. Thu ba,
thém vec to sai 1éch phu vao sai I¢ch hé théng dé
giam dao dong cua ngd ra, khi ngd vao bdo hoa. Sau
cung, tién hanh cac thyc nghiém dé so sanh kiém
chimg hiéu qua va kha ning bam téc do cua bd diéu
khién méi.

Tir khéa: Piéu khién thich nghi mé hinh chudén,
diéu khién bén viing, mé hinh héa bing tdi, ngé vio
bdo hoa, diéu khién toc dp, diéu khién bang tdi.

. MOPAU

Trong cac nha may cong nghi¢p cac hé thong bang
tai dwoc sir dung kha phd bién dé van chuyen nguyén
vat liéu va san pham Trong mot So hé thong bang tai,
viéc didu khién toc do bang tai 1a rat quan trong, vi du
nhu hé thong can dinh luong bang tai dong, khi vat
ligu rét xuong bang tai nhieu can giam toc do, va
nguoc lai khi vat liéu trén bang tai it can ting toc do
bang tai 1én, de dinh lufong vat liéu trén don vi thoi
gian la khong d6i. Mot vi du khéc, trong cac hé thng
can kiém tra bang tai, khi trong lugng san pham trén
bang tai khong ding, téc do bang tai s& dwoc gidm di
dé hé thdng phan loai hoat dong day san pham ra
ngoai, hoac hé thong bang tdi phan loai san pham
trong hinh 1 bao gom ba hoic nhiéu bing tai can diéu
khién téc d6 theo mo hinh hinh thang [1]. Dé thuc hién
viée diéu khlen van toc trong hé thong bang tdi, thi
trudc tién can phai m6 hinh hda h¢ théng. Tuy nhién,
mot s6 thong so trong mG hinh hoa cia h¢ thdng, la
khong thé do duoc chang han nhu: hé sb ma sét, hé s6
€O gidn cua bang tai, luc cang .

SO 01 & 02 (CS.01) 2018

Bo diéu khién thich nghi, véi uu diém cuc ky quan
trong la co kha néng diéu khlen cac h¢ théng, ma
khong can b‘let chinh xac mot sb thdng Sp [2, 3]. Trong
linh vuc diéu khién thich nghi, thi diéu khién thich
nghi dua theo md hinh tham chiéu (MRAC), la mot
trong nhitng hudng nghién cau phd bién [4-6]. Mic
du bo diéu khien MRAC c6 thé bam tét theo tin hi¢u
tham chiéu & ngd vao, nhung trong thoi gian qua do
thi kha néng bam ctia nd kém, vi trong thoi gian nay
bo diéu khién phai uéc lugng cac thong sb khong Xac
dinh. Téc do udc lugng duge dinh nghia la toc do
thich nghi. Néu tang toc do thich nghl thi kha ning
bam trong thoi gian qua do dugc cdi thi¢n, tuy nhién
diéu nay lai tao ra thanh phan tan sb cao trong tin hiéu
didu khién, anh huong dén do 6n dinh cua hé théng

[7].

Trong cac hé thdng ky thuat, van dé ngd vao diéu
khién bi bdo hoa thuong xuyén gap phéi, va n6 dugc
xem nhu la mot trong nhitng nguyén nhan dan den
Chat lwong diéu khién bi ‘giam, tham chi dan dén mat
6n dinh [8, 9]. VI vay, Van dé bao hoa & ngd vao cua
tin hiéu diéu khlen cling can dugc xem xét trong qua
trinh thiét ké bo diéu khién.

Ngoai ra cac thong sb ‘ude luong trong luat diéu
khién, s& bi troi dan dan néu €O anh huong cta nhiéu
c6 bién do gisi han. Mot s6 ky thuat [10] duogc sir
dung dé giai quyét vin dé nay, nhu 1a e-modification,
o-modification hay toan tr hinh chiéu (projection
operator).

Trong bai bdo nay, dé xut sir dung mét b diéu
khién thich nghi c6 mé hinh tham chiéu dwoc hiéu
chinh, bang cach thém sai léch hé thong vao mé hinh
tham chiéu chuan [11] (duwoc goi la Modified—Model
Reference Adaptlve Controller: M-MRAC), nham
muc dich loai bé cac dao dong tan s6 cao trong tin
hi¢u diéu khién ngo vao, dong thoi ciing giam bét anh
huong cua nhidu co bién do gisi han. Hién tuong bio
hoa & ngd vao diéu khién, dugc bu trir boi véc to sai
Iéch phu [12], duoc thém vao trong sai l1éch hé thong
Bai bao ciing dua ra cac két qua thuc nghiém, dé so
sénh vé hiéu qua va kha ning bam toc d6 cua bo diéu
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khién duoc dé nghi. Céc thyc nghiém dugc chay trén
hé thong ba bang tai thyc, trong phong thi nghi¢m
thuoc khoa Ky Thuat Thiét Ke Co Khi, dai hoc quoc
gia Pukyong, Busan- Han quéc. Phong th| nghiém ung
dung dién - dién ta, khoa Ky Thuat Bién T 2, hoc
vién Cong Nghé Buu Chinh Vién Thdng. Va tng dung
cho hé thong can bang tai ty dong nha may xi mang
Hiép Phudc, cbng ty SCC-Viét nam.

Il. MO HINH HE THONG

Dé md hinh hda, xét mot he théng bao gém ba
bang tai st dung cho viéc phén loai san pham nhu
trong hinh 1. San pham duoc dua t6i bang tai nhan
(bang tai 1), bang tai nay s thay ddi toc do lién tuc dé
chuyén san pham toi bang tai phén loai (bang tai 2).
Tai bang tai nay cac san pham s& duoc phan loai theo
xu ly hinh anh st dung camera, hoac theo can ning
(trong cac hé théng can phan loai). Téc do bang ta
phan loai ciing c6 thé dugc diéu chinh dé déap tng voi
hé thong loai bo san pham. Cac san pham dat tiéu
Chuan khong bi loai bo s& dwoc chuyén téi bang tai
truyén (bang tai 3).

MJdi bang tai bao gom hé thong co khi va hé thong
dién. M6 hinh hoa don gian cia hé thong co khi cta
bang tai thir i duoc trinh bay trong hinh 2 (i =1, 2, 3).

He¢ théng xir Iy anh ~_,

Bing tai truyén

v

Bang tai nhan

Hinh 1. Cac bang tai trong hé thdng phan loai san
pham

Trong hinh 2, cac bo tham s (Ji, ), (an, @), (fu,
) va (Dyy, Di) lan luot twong tng Ia cac moment quan tinh
C&C van toc goc cac hé s6 ma sat va cac duong kinh, cia
truc truyén dong va truc cing bang tai.

bé kéo bang tdi, h¢ thong str dung hé truyen dong dién
bao gom dong co xoay chieu kéo truc truyen dong. Bong
co nay dugc diéu khién toc do bang blen tan. Toc do dat
cho h¢ thong duoc cung cap t6i blen tan bang mirc dién ap
DC, dé diéu khién dong co xoay chiéu tao ra moment xoan
(torque) dii dé kéo bang tai. Moment xo4n cua bang tai thir i
duoc cho nhur sau:

7, =Ja,

+ fo, +74 (t) )

trong d6 J;=Jy + Jp, fi = fu + fp, #(t) la moment xoan do
nhiéu bén ngoai tao ra (chang han nhu khéi luong cua sin
pham duoc dat 1én bang tai), va 7 Ia moment xodn can thiét ma

trong do ki 1a do loi cia bién tn, u;” ladiénap DC ¢ & ngd vao
ciia bién tn thir i dé tao ra moment xon mong muén 7 u;” la
ngd vao diéu khién bi bao hoa duge dinh nghia nhur sau:

foru, <u,

imin imin

for u; iy < Uy S U 3

imn —

u;
u; =sat(u;)=1u;
Uy TOM U >,
trong d6 U; 1a ngd vao diéu khién cua b diéu khién

dugc d& nghi ddi véi bang tai thir i, Uimin, Uimax 12 Dién
d6 giGi han ctia ngd vao diéu khién thir i.

San phém

Truc truyén
dong

Truc cang

Dong co
xoay chic¢u

Hinh 2. M6 hinh héa don gian cda bang tai thiri

Duwa vao céac phuong trinh (1)~(3) md hinh dong
(dynamics) cua h¢ thong bang tai c6 thé biéu dién
bang phwong trinh trang thai sau:

X =Ax+B(u —d(t)) ©)

trong 46 X = [an @, ws]" 12 véc to van tdc goc ngd ra
cia hé théng biang tai do bang cam bién xung
(encoder), m la véan toc Cua bang tai thur i trong hé
thong bang tai. u” [ul U, us 1" 12 mot véc to ngd vao
bao hoa, d=[d; d, d3]" 1& mét véc to nhidu c6 bién do

t . R A
ﬁ , Va c&c ma tran chira cac thong

gidi han, véid, =

sb chua xac dinh dugc A, B € R**® duge cho nhu sau:

a, 0 0 b, 0 O
A=10 a, 0|, B={0 b, O
0 0 a, 0 0 b,
Vol a; =—— va b, —ﬁ.
J

lIl. THIET KE BQ BPIEU KHIEN M-MRAC

Muc tiéu ciia bai béo nay 1a tao ra mot bo diéu
khién M-MRAC sao cho vo&i cac ngd vao
u(t)=[uu,u,] , thi véc to van téc géc ngd ra cua hé

thong bang tai, ludn bam theo véc to van tdc goc ngd
ra cia mot mo hinh tham chiéu, dugc dién ta bang
phuong trinh.

dong co xoay chiéu phai tao ra, dé kéo hé thdng co khi ciia m =A X, +B r+r+1e (5)
bang tai thiri. N6 duge xac dinh nhu sau:
* e=x-x, ©)
5, =ky, 2
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trong d6 Xm = [@n1 @2 a)mg] 1a véc to van téc gOC
ngd ra ciia md hinh tham chiéu, A >O 1a d6 lgi hoi tlep
cua sai léch hé théng, r = [rir, rs]" 1a véc to van toc
g6c cua ngd vao tham chiéu, e 1a mot vée to sai 1éch

hé thongva A_,B_ e R*® duoc cho nhu sau:

a, 0 0 b, O
A =0 a, 0| B,={0 b,
0 0 a 0 0 b

'm3
V6i ap;, by 1 cac thong sé cua mé hinh tham chiéu va
dugc chon dé thoa céc gia dinh dudi day
A. Giadinh 1:

Néu A, € R*°1a ma tran Hurwitz, va B, e R*°Ia
ma tran d biét va c6 hang la 16n nhat (full rank), thi ton tai
matran K e 3*° va ma tran duong chéo A e R** dé cho

thoa cac phuong trinh dudi déy:
A=A, -BK
)
B=B,A
B. Gid dinh 2:

Ton tai ma tran duong dbi xing P = PT > 0 la nghiém
cua phuong trinh Lyapunov dudi day:

A'P+PA_ =-Q, (8)

Thay phuong trinh (7) vao phuong trinh (4) va cong trir
cac dai lugng By, I taduoc

X:Amx+er+f+BmA(u*—ur) )

u, = Kx+@r+Qr +d(t) (10)

trongdo ®=A", Q= (BmA)_l Va U, 14 véc to ngd vao
diéu khién Iy tuong cua hé théng.

Dao ham bac nhat theo thoi gian cua e dugc cho nhu
sau:

e=(A,-Al)e+B A(u -u,) (11)

Néu u* = u, thi é=(A,—Al)e. Bdi vi A va
(A, —Al) 1acic ma tran Hurwitz nén c6 thé két luan ring
e —0khi t > oo . Piéu nay duoc hicu rang, hé thong
duoc mb ta boi phuong trinh (4) c6 thé bdm theo mé hinh
tham Chleu duoc mo ta boi phuong trinh (5). Tuy nhién trén
thuc té ngd vao didu khién Iy tuong u, khong thé thuc hién
duoc, do cac ma tran K, ®, Q va véc to d(t) la khong biét.
Do d6 véc to ngd vao dieu khien u dugc xem nhu 1a véc to
udc lugng ctia ngd vao dieu khién Iy tuéng u, duoc cho nhu
sau:

u=Kx+®r+Qr+d(t) (12)

trong d6 K, ®, 2 1a cac ma tran udc lugng ciia cac ma
train K, @, Q, va d e R 1a véc to ude luong ciia véc to d

Au=u-u" (13)

Tur cac phuong trinh (5), (6), (9) (12) va (13), dao
ham bac nhat theo thoi gian cua e dugc cho nhu sau:

¢=(A, - Al)e+B,A(Rx+®r+Qr +d)

_ (14)
+B,A(d-d-Au),

trong do K=K-K, ®=0-®, O=-0-Q va
d-d-d

D¢ loai bo anh huong cia hign twong bdo hoa ¢
ngd vao diéu khién, mét sai 1éch phu dugc dinh nghia
nhu sau

e, =(A,-l)e, -K,Au (15)

voi KA €R¥>® 1a ma tran tham sb thich nghi, va
(Am —M) l1a ma tran Hurwitz.

Do d6 mét véc to sai 1éch méi duoe dinh nghia
nhu sau: e, =e-e,
(16)

Tu cac phuong trinh (14)~(16), dao ham bac nhét
theo thoi gian cua e, dwoc biéu dién nhu sau:

& =(A, - Al)e, +B A(Rx+®r+Qr +d)

) _ 17)
+K,Au+B,A(d—d),

trong d6 K, = KA -B,A

C4c ma tran va véc to k,ci),fl,a trong phuong
trinh (12) dugc ude luong boi luat didu khién dya trén
ky thuat e-modification nhu trong dinh 1y 1 duoc phat
biéu dudi day

C. Dbinhly1:

Mot hé théng M- MRAC dugc dinh nghia bang cac
phuorng trinh (4), s& 6n dinh bén viing néu nhu ngd
vao didu khién dugc thiét ké sir dung phuong trinh
(12), va cac luat diéu khién dya trén ky thuat e-
modification dé xac dinh cac ma tran, véc to udc
lugng dugc cho nhu sau:

K =—[e,|K - 7,BL.Pe,x" & = —[e,|®-,BLPe,r"
Q =6, |Q-7BPe,i"

(18) _
K, =-|e,]|K, —7,Pe,Au" ,d =—|e,[|d-7,Bl.Pe, (19)
trong d6 7,,7,, 7, >0 la cac hé so thich nghi.

1) Ching minh Dinh ly 1:

Ham Lyapunov dugc chon dé phan tich sy 6n dinh

cua hé théng dugc cho nhu sau.

V (t)=¢]Pe, +itrace(KTAK +®"AD

lay gia tri trung binh ctia véc to' d(t) trong phuong trinh (4). 7 . ) (20)
N L, AT A A - VAR il AT A
Sai léch gitra véc to ngd vao diéu khién, va véc to +Q AQ)+ y trace(KAKA)+ y trace(d dA) 20
ngd vao bj bdo hoa dugc dinh nghia nhu sau: 2 ’
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Dao ham béc nhit theo thoi gian cua V(t) dugc cho
nhu sau:

V =-e] (Q, +24P)e, + 2trace(K' AB] Pe,x'
+®' AB Pe,r" +Q'AB] Pe " + K Pe,Au" )

+2d"AB] Pe, +7£trace(K1kA) (21)
2

+£trace(KTAl2 +(i>TAcf>+f2TAfz)
N

+£trace(aTaA)+ZeIPBmA(a—d)

V3

Str dung cac phuong trinh (18)~(21) ta co:

V=-¢ (Q, +21P)e, —MtraCE(KZKA)
V2
5 e
2kl trace(KTAK +®'A®+Q7AQ) (22)
Il

_Mtrace(aTaA) +2e] PBmA(a —d)
73

Str dung nguyén 1y Rayleigh, phuong trinh (22)
duoc viét lai nhu sau:

2l (R ol +Jof )

2l 2 [
d* 7, ﬂ’min (A)"KA”F (23)

2||e || ||d||

m|n

S—||eu ||(31||eu||—20)

trong do d. =|PB,A(d—d)|el,, || Ia Frobenius norm

Vac, a = Ay, (Qp) + 24y, (P)A >0, dugc cho nhu sau:
2 - . ~
e L WKL ol +jof

» o 2 (24)
_c a9 _< d
2 IR -2 2 ()

F

Véi V(t) <0 trong phwong trinh (23) néu nhu
a, e, = 2c . Pidu nay duoc hiéu la e, K,®,Q,K, va
d bi gi6i han va e, >0 khi t—>o theo bd dé
Barbalat. Theo phuong trinh (16) khi e, — 0 thi
e—e,. e bi gioi han néu va chi néu e, bi gigi han.
Dudi day 1a phan chimg minh sy gigi han cua e, .
Mot ham Lyapunov dugc chon nhu sau:
W =¢e,Pe, >0 (25)

Dao ham bac nhit theo thoi gian cua W dwoc cho
nhu sau:
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W =€} (Q,, +24P)e, —2¢]PK ,Au

) (26)
<o o+ < AW,

trong do 4, =2|-elPRIAu[20 va 4, =—2 - >0.

A (P)

Str dung bét phuong trinh  Gronwall Bellman,
phuong trinh (25) duoc viét lai la:

W S{W(GA(O))—%}eXp(—ﬂ?t)-f-% (27)

Két hop phuong trinh (25) va (27) ta co cac két
qua dudi day:

lim e,Pe, s% (28)
% > limeTPe, > A,y (P)lim[e, || (29)
22 Tioe A TAT min fosooll A
: A
el o ) <0

Va diéu nay chirg minh rang e, bi gisi han.

_ So dd khéi cua bo diéu khién thich nghi hiéu chinh
dé nghi dugc trinh bay trong hinh 3.

r

M0 hinh chuan
hi¢u chinh
d/dt ®)

Xm {—

~.t[ €

)
N\

el F

.

ey eal- X

Céc luat didu khién Hé théng phy
(18), (19) (15)

Kd | Qd
A B diéu khién
e d‘(el‘;;‘h‘e" L “baohoa e
u ©) u

Bang tai

Hinh 3. So db khéi cda bo diéu khién duwoc dé nghj

IV. CAC KET QUA THU'C NGHIEM

Pé danh gia hiéu qua va kha ning cia bo dicu
khién thich ngh1 hiéu chinh d& nghi (M-MRAC), va
so sanh no6 voi hi¢u qua cua b d1eu khién thich nghi
thong thudong (MRAC), mdt hé thong bang tai dugc
thue hién nhu trong hinh 4. H¢ théng bao gom ba bang
tai, m01 bang tai st dung mot dong co xoay chiéu dleu
khién t6c d6 bang bién tan, s dung dé kéo truc truyen
dong cua bang tai. Téc dd bang tai s€ dugc hoi tlep ve
bo didu khlen tin hiéu s6 DSC TMS320F28069 bang
cam b1§n tgc do quay, toc do cla bang tai s& dugc
cung cdp ve theo s0 xung trén mdt don vi thoi gian.
B diéu khién DSC nhén tin hi¢u tham chiéu ngd vao,
thye hién giai thuét diéu khién thich nghi, va cung cp
tin hi¢u diéu khién bang dién 4p mot chiéu voi gla tri
tuong ung toi ngd vao, bién tan, dé thay dbi toc do
dong co nhu mong muon B9 DSC co6 the nhén dong
thoi ba tin hi¢u tham chiéu, ba tin hiéu hdi t1ep toc do
va dleu khién tc do ba bang tai mot cach dong thoi.
Két ndi hé théng thuc hién nhu trén hinh 5, trén hinh
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v€ cam bién quang dugc su dung cho viéc phat hién

san pham trén bang tai.

Bangtai2  Cam bién toc do Bing tai 3

Bing tai 1

Dong co xoay

e Bién tan
chiéu

Hinh 4. Hé théng bang tai duoc dung dé thuc nghiém.

CAC CAM BEN TOC
DO BANG TAI CAM BIEN QUANG

PHAN CAM BEN

MAY TINH CONG NGHIEP

ARK 5260

| MACH DIEU KHIEN
| DSC TMS320F28069

PHAN DIEU KHIEN

DONG CO XOAY CHIEU BANG TAI
¢

PHAN CO CAU CHAP HANH

Hinh 5: So db ké ndi hé thdng diéu khién téc d6 bang tai
Cac gia tri khoi dong cho cac bién trang thai va cac
ngd vao diéu khién duoc thict 1ap bang khong. Di¢n ap
ngd vao cua bién tan la tin hiéu diéu khién doi tuong,
dugc thay doi trong khoang ttr Uimin = Uamin = Uzmin =
0V dén Uymax = Uomax = Usmax = 5V.
Cac tham s6 md hinh tham chiéu dugc chon lan
luotla: a,, =a,, =a,, =-30, b, =b,, =b,, =30.

Do loi sai léch hdi tiép 4 = 10 va ma tran xac dinh

dbi xtmg duong P = diag ([10*8 10°® 10*]) .

Céc ngd vao tham chiéu tinh theo van toc goc cho
hé théng bang tai nhu hinh 6.

r; (rad/s)
4211 -———-
| |
| |
o
r, (rad/s) 5 20 25 t(s)
70
|
|
|
|
|
5 (rad/s) 10 20 40 50 t(s)
70
Il
60 t(s)

Hinh 6. Véan téc géc cua cac ngd vao chudn.

_ Dé minh hoa sy hiéu qua cua b diéu khién duoc
dé nghi (M-MRAC), xét ba truong hop duéi day
tuong tng voi ba bang tai trong hé thong bang tai:

Van téc goc ngd ra (rad/s)
50 T .
421 fi

xam(®)  xy(t) 1

20

11 12 13
40 Thoigian(s) 60

0 5 20

a. CacngbravsiA=10

Ngb vao didu khién

Up (1) v6i A= 10

40 Thoi gian (s) 60
b. Céc ngd vao didu khién
Hinh 7. Hoat déng cda MRAC va M-MRAC véi ngd
vao I

e Truwong hep 1:

Hé sé thich nghi cua ca hai bo diéu khién
M-MRAC va MRAC dugc thiét lap 1a 7, =1.67. C6
thé thdy ring ca hai ngd ra x,(t) cua bo diéu khién
M-MRAC, va x,, (t) cua bo diéu khién MRAC cho
bang tai thir nhat déu bam theo tin hiéu tham chiéu
r,(t) nhu trong hinh 7a. Tuy nhién, ngd ra cia bo diéu
khién MRAC bién thién l6n hon so véi ngd ra caa bo diéu

khién dé nghi M-MRAC. Thanh phan tan s6 cao xuét hién
trong tin hiéu diéu khién & ngd vao cua bo diéu khién

SO 01 & 02 (CS.01) 2018 TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 41



CAI THIEN KHA NANG BAM CHO BO PIEU KHIEN MRAC CHO HE THONG PIEU KHIEN TOC PO BANG TAI

MRAC u,, (t) duoc trinh bay trong hinh 7b, trong khi d6
tin hi¢u diéu khién cia b diéu khiecn M-MRAC u, (t)
bién thién rét it va gan nhu khong thay d6i khi van tdc goc
ngd radat téi gid tri 42.1 (rad/s).

Van téc goc ngd ra (rad/s)
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a. Ngd ravéi A =10

Ngd vao didu khién (V)
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b. Cac ngd vao diéu khién
Hinh 8. Hoat dong cda MRAC va M-MRAC véi ngd
vao r,

o Truong hep 2:

Hé sé thich nghi cua ca hai bo diéu khién
M—-MRAC va MRAC dugc nang 1én Ia y, =10, nhung
duoc ap dung cho bang tii thir 2, két qua thuc nghiém cling
cho thay thanh phan tan s6 cao cting xuat hién trong tin hiéu
diéu khién & ngd vao u,, (t) cia b diu khien MRAC
trong hinh 8b, va kha ning bam cta cic ngd ra theo tin hiéu
tham chiéu & ngd vao , (t) duoc trinh bay trong hinh 8a.
Trén hinh v& c6 thé thiy trén hinh v&, van téc goc ngd ra
X, (t) cia b diéu khién dé nghi M-MRAC, bam theo tin
hiéu tham chiéu ngd vao T, (t) véi sai sb rat nho tir = 0.9
rad/s t6i +1.3 rad/s. Trong khi, van toc goc X,,, (t) cia bo
diéu khién MRAC thong thudng véi cling ngd vao , (t)
¢6 sai sb tir -2,3 rad/s t6i +2,5 rad/s. Tin hiéu ngd vao diéu
khién u,,, (t) cia b diéu khién MRAC thong thuong co
tan s6 dao dong cao hon va bién do I6n hon so vai tin higu
diéu khién u, (t) cia bo diéu khién M-MRAC dé nghi.
Tin higu diéu khien ciia bo diéu khien M-MRAC thay doi
thap hon b6 dicu khién MRAC, do d6 trong truong hop
nay, p@ dieu khién M-MRAC c6 hiéu qua hoat dong t6t hon
bo didu khién MRAC.

e  Truwong hop 3:
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Hé sé thich nghi coa ca hai bo diéu khién
M-MRAC va MRAC dugc thiét lap 1a y, =6.67 va
A =15 duoc &p dung cho bang tai thir 3. Trén Hinh 9 ¢
thé thiy toc do goc ngd ra x, (t) cua bo dieu khién M-
MRAC ciing bam tin hiéu ngd vao tham chiéu r, (t) tot
hon so Véi toe do goc ngd ra x,,, (t) cia b dicu khién
MRAC thong thudng. Do tin higu ngé vao r,(t) trong
truong hop nay la mot ham buéc nhay, nén bién do cua cac
tin hi¢u dicu khién cho ca hai b dicu khicn M-MRAC va
MRAC thong thuong déu & mie cao (twong tng la 155V

va 12,5V). Trong truong hop nay c6 thé thay hién tuong
b&o hoa & ngd vao xuét hign, nén tin hidu diéu khién & ngd
vao duoc giit & muc U, =5V, va toe do goc cia ca hai
bo diéu khién déu dat bién do dao dong lon nhat 1a 90.3
rad/s. Hinh 9a cho thay kha ning bam cua bo diéu khién
M-MRAC van tét hon so vé6i b diéu khién MRAC. Kha
nang bam cua b diéu khién M-MRAC d nghi, so véi
bo diéu khién MRAC duoc cho trong Bang 1.

Béng I: Sai léch bam cia cac hé théng M-MRAC va

MRAC
M-MRAC | MRAC
Bang tai thir nhét Sai léch 1.4% 5.2%
A=10 bam
Bing tai thu hai Sai léch 1.8% 3.5%
A=10 bam
Bing tai thu ba Sai léch 0.7% 3.1%
A=15 bam

Van tbc goc ngd ra (rad/s)
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b. Cac ngd vao diéu khién

Hinh 9. Hoat déng cda MRAC va M-MRAC véi ngd

V. KET LUAN
Bai bao da dé nghi mot bo diéu khién thich nghi

vao fr,
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moé hinh chuin hi¢gu chinh (M-MRAC), chay thu
nghiém trén mot hé thong ba bang tai vai ngd vao béo
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hoa va dao dong bién gisi han. Sai léch hdi tiép cua bo
dieu khien M-MRAC dé nghi nhé hon so véi bg dicu
khien MRAC truyén théng (0.7% so vai 3.1%). Sai
Iéch dong khi c6 trang thai ngd vao bdo hoa, dugc bu
bang sai léch ngd ra phy. Cac két qua thyc nghiém da
cho thdy bo diéu khién M-MRAC de nghi hi¢u qua
hon so voi diéu khién MRAC truyén théng vé kha
I}'ng bam toc d ¢ ca hai t‘rangrthéi qua dd va tiém can
on dinh. Cac thanh phan tan s6 cao trong cac ngd vao
diéu khlen v6i hé thong M-MRAC duoc giam khi tang
hé sb thich nghi. Thuc nghiém cho thiy, bo diéu khién
thich nghi hi¢u chinh M-MRAC, hi¢u qua hon so Vi
bo diéu khién thich nghi thong thuong, khi h¢ s thich
nghi 16n va sai léch do loi hoi tiép duoc chon thich
hop.
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IMPROVEMENT OF A TRACKING
PERFORMANCE FOR AMRAC CONTROLLER
OF ACONVEYOR SYSTEM

Abstract: The paper proposes a method to
improve a tracking performance of a MRAC
controller of a conveyor system by followings:
Firstly, modified the reference model in the
conventional MRAC to reduce the generated
high frequency oscillation in control input signal
when the adaptation rate increases. Secondly, A
e-modification is added to an adaptive law in
order to the proposed M-MRAC controller is
robust. Thirdly, an auxiliary error vector is
introduced for compensating the error dynamics
of the system when the saturation input occurs.
Finally, the experimental results are shown to
verify the effectiveness and the performance of
the proposed controller with the bounded
disturbance and saturated input and a
conventional MRAC controller.
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