Nghién ciru khoa hoc cong nghé

PIEU KHIEN MO THICH NGHI BACKSTEPPING
KET HQP CHO TAY MAY ROBOT KHOP PAN HOI

Nguyén Van Hai ', Vii Héa Tién”, Nguyén Thanh Tién % Tran Xuan Anh’

Tém tit: Bai bdo ndy trinh bay vin dé tong hop thudt todn diéu khién bam vi tri
cho tay may robot khop dan hoi co xét dén dong hoc cua dong co chap hanh va
nhiéu loan tac dong. Thudt toan duoc tong hop trén co so Backtepping co sw dung
hé mo thich nghi xap xi ham va diéu khién chuyén mach ¢ budc cuoi cung voi muc
dich tang tinh bén vitng; két qud mo phong cho tay mdy hai khdu trén co s Matlab-
Simulink dwoc trinh bay dé chung minh tinh hoi tu cua ludt diéu khién da dé xuat.

Tir khoa: Backstepping, H&é mé thich nghi xdp xi ham, Tay may khép mém.
1. PAT VAN PE

Trong cic tay may robot, hé thong truyén dong la khau quan trong ghép ndi
cac khdu tao ra chuyén dong bao gébm cac dong co chp hanh, khép quay, khép
ndi, thanh truyén, co cau giam toc v6i co cdu chap hanh. Khi ché tao cac bd phan
truyén dong cho tay may robot, ngudi ta luén mong mudn ching dat dugc do
ctig tuyét dbi, noi cach khac, thudc tinh dan hoi 1a yéu té khong mong mubn
trong cac dbi twong didu khién. Tuy nhién loai bo hoan toan tinh chit dan hdi
trong mot hé truyén dong 1a diéu phi thuc té, vi cac loai vat liéu thuong c6 do dan
hdi nhit dinh, do vdy cac bd phdn truyén dong tiy theo cdu tric s& c6 tinh chat
dan hoi dic trung.

Khi xét toi sy ton tai va anh hudng cua cac yéu to dan hoi trong cac khép, ngudi
ta thay rang bac ham truyén ciia hé thong diéu khién tang 1én so vdi cac tay may
robot gia thiét 12 hoan toan cimg. Viéc tong hop didu khién cho cac hé thdng béc
cao luon 1a van dé kho khan, dic biét khi xét dén cac anh hudng cua nhidu loan va
bt dinh tham sb. Khi d6, cac phuong phap diéu khién co tinh bén viing v6i bat
dinh va nhiéu loan dugc quan tim nhu diéu khién mo [5], mang noron [1], [3],
diéu khién truot [2, 3]. P& ning cao chit lugng diéu khién, mot s6 nghién ctu di
tap trung vao viéc danh gia cac thanh phan bat dinh [1], [3] trén co s& mang noron
RBF. Tuy nhién, cc nghién ctru [1],[3] méi chi ding & viée tong hop diu khién
cho dbi twong tay may 1 khau, diéu nay da mét di tinh tong quat ctua nghién ctu.

Trong thuc té, c6 nhiéu phuong phap xap xi bat dinh, trong d6 viéc xap xi bat
dinh sir dung hé mo ¢6 vu diém 1a d& dang thiét ké va 4p dung cac hiéu biét vé dbi
tugng trong viéc thiét ké diéu khién. Viéc sir dung hé mo co cAu trac feedforward
cling twong dong v4i mang no ron da 16p feedforward trong xap xi ham [4].

V&i muc tiéu nang cao chit lwong hé diéu khién tay may robot khép dan hoi c¢6
xét dén dong hoc cua dong co chép hanh trén co sé sir dung cong cu mo dé xép X1
va bu trir cac thanh phan bat dinh, nhiéu loan ton tai trong mé hinh déi twong, bai
béo dinh hudng vao viée tong hop bd diéu khién Backstepping két hop str dung hé
mo dé xAp xi bat dinh cho dbi twong nay.
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2. XAY DUNG MO HINH VA TONG HQP PIEU KHIEN

2.1. Xay dung mo hinh, dat bai toan bam sat
Xét mo hinh dél?g luc hoc tay may robot khop dan hoi n khop quay véi dong
hoc cua dong co chap hanh dugc md ta nhu phuong trinh (1) [1].
D(q))q, +C(q,.49,)q, +&(q,) = K(q, —q,) +d,
Jg, +Bq, +K(q, —q,)=K,I, +d, (1)

LI +RI +K,q,=u
Trong d6: q,,4, € R - 12 cac vecto vi tri va van tdc goc cua cac khau; q,.q, € R -
1a cac vecto vi tri va van tde gbc cua cac dong co chfip hanh; D(q,),J € R - 1a ma
trin momen quan tinh cta khau va rd to dong co chap hanh; C(q,.q,)€R™" - ma
tran lyc hudéng tdm va luc Coriolis; B € R - ma tran h¢ s6 ma sat nhot; d, vad,
1a véc to tong hop cac thanh phan nhiéu loan va khong xac dinh cia mé hinh tay
may; g(q,)€R" - véc to luc hap dan; K, - ma tran hé sd phu thudc két cdu dong co;
I,,u, L ,R, - trong Gmg 1a tham s dong dién, dién ap, dién cam va dién tré phan
(g ctia ddng co. Thanh phan K(q, —q,) dic trung cho mé men dan hoi ctia khop.
Bing cach dit bién trang thai nhu sau: x, =q,; X, =d,; X, =q,; X, =q,; x; =1 ;
va dat g(x) = —x, =D ' (x))[C(x,,x,)x, + K(x, —x;)+g(x,)+d,],b=L"
h(x) = —x, +J'[K(x, —x;) —Bx, + K,x, —d,] ;f(x)=—-L,'R,x, —L,'K,x,.
Ta nhan duoc hé:
X, =X,; X, =X; +8(X); X, =X,; X, =X; +h(x); x; =f(x)+bu (2)
Bai toan diéu khién dit ra 1a tirr} cAu trac tin hiéu diéu khién 1a dién ,ép phan tmg
cua dong co, sao cho ,dai luong dau ra b‘érn sat theo gia tri mong mudn chg trudc
(x, —x,,), voi gia thiét tin hi¢u dat co6 ton tai cac dao ham bac cao. Ta thay ham
g(x) trong (2) khong phu thudc vao cac bién trang thai x,,x,, nhu vay hé (2) c6
tinh chit két tng, khi d6 ta c6 thé tng dung phuong phap téng hop Backstepping.
2.2. Tong hop diéu khién Backstepping véi wée lwgng bit dinh
Khi‘ cac hf‘lm bét dinh dugc u(')’crluzc_mg, chung ta co thé ap dung cac budc tong
hop diéu khién Backstepping cho doi twong (2) nhu sau:
+ Pit e, =x, —x,, 1a dang sai s6 dau ra v6i x,, quy dao mong mudn can dat tGi
trong bai toan bam sat.
Dé c6 duge e, — 0, dinh nghia ham Lyapunov nhu sau:
Vi= Sae 3)
Vi phan ham Lyapunov (3), thé cac biéu thtc lién quan va chon
x, =—Ke +x, 4)
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Vi K, € R” 1a ma tran x4c dinh duong. Ta dugc

V,=—eKe <0

)
+ Thue hién cac bude twong tu, bang cach chon ham Lyapunov theo (3)
V,ZV,-,]-i-Ee[Te[, i=1=+5 (6)
Va céc diéu khién gia dinh nhu sau:
X, = —Ke +x,

X, = —¢, —K,e, —g(x) +X,, )
X, =—¢, —Kye; +X5,
X =

sa =~ —Kye, —h(x)+x,,

Thuc hién cac bién d6i twong tu ta s& c6 duoc vi phan caa v, [3]:

Vs = _e1TK1e1 - engez - e3TK3e3 - e:K4e4 + eg (g(x) —g(x)) (8)
+el (d—d)+ej (h(x)—h(x))+e! (e, +f, —X,,, +bu)
Tir (8), ta c6 thé chon luat diéu khién nhu sau:

u=u, +ugy 9)
u,=b"'(—e,~f +%,) la thanh phin diéu khién bu va
—K.,b 'sgn(e;) la thanh phén diéu khién chuyén mach, 7 1a u6c lugng cta f;.
Khi do:

Trong do,

u

SW

;T T T T T
Vs =—e Kie, —e;Kye, —e;Kie; —e, K e, —K;e;sgn(e;)

T a T 3 T N T £ (10)
+e, (8(x) —g(x)) +e; (d—d) +e, (h(x) —h(x))+e; (f, —f,)

Néug—gd—d,h—hf —f ching ta nhan dugc 7, <0. Dé c6 duoc thong tin
cac ham bét dinh trén, ching ta c6 thé sir dung hé mo dé xép xi chiing.

2.3. Thiét ké diéu khién véi hé thong Fuzzy xap xi ham bét dinh

Dé c6 thong tin cua g,d,h,f ta st dung hé mo dé xép xi ching. Khi d6 cau tric
bo diéu khién nhu hinh 1.

L / Xy
gdh

-

Hé mo& X, X,
[——
Xy

_» ~ « A
Bo .dzleu I Ta}y X_1>
khién may
X,..X

Hinh 1. So d6 khéi hé thong diéu khién thich nghi Backstepping —trieot

>

vOi hé mo xap xi ham bat dinh.
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Pé lam rd cac bude x?ip xi mot ham bét dinh, ta xay dung thuat toan xép xi mot
ham g cua tay may robot, khi do cac budc xap xi dugc thuc hién nhu sau [6]
+ Dinh nghia cac tap mo:

My My

My g Mg My M My Mg My H My

1.0 0.8 0.6 0.4 0. 0 o, 04 0.6 08 10 10 08 0.6 0.4 0. 0 02 04 0.6 08 0

Hinh 2. Ham lién thuoc tdp mo el. Hinh 3. Ham lién thugc tap mo e2.
Chon dau vao cua hé mé 1a sai s6 va toc do sai s6 x = [e, e,]", dinh nghia cac tap
mo dau vao A, A,..., 4 trén khoang [-1, 1] cua ¢, ¢6 ham thudc Byoys P=12.5
dang ham Gauss nhu hinh 2 voi:
I J (T +7/6—(p—1)* pi/12)/ (n/24))’] (11)
Céc tap mo dau vao 4!, 42,...4 trén khoang [-1, 1] ctia e, ¢6 ham thudc Hoer
g=12,..,5 dang ham Gauss nhu hinh 3 vi:
1y = eXP[—((e, +7/6—(q —1)* pi /12)/ (m/24))’] (12)

‘Cac tap mo dau ra E7 dugc dinh nghia dang singleton (ham Kronecker) tai cac
diém y, duoc chon bang luét thich nghi phu hop.

+ Xdy dung cdc ludt diéu khién:

Trén co so cac tap md da chon, ta thiét 1ap cac luat diéu khién theo cdu tric:

Néu ¢ 12 47 va e,1a Afthi gla E? v6i p=1,2,..,5; ¢=12,...5.

Céc luat diéu khién duogc thé hién nhu bang sau:

€
¢ A A A A A
4, E" E? E E" E
4 E? E? E? E® E®
e 4 E" E® E® E® E®
N E" E* E* E* E*
4 E" E* E® E* E*

+ Chon thiét bi hop thanh:
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Chon nguyén tic trién khai sum-PROD cho ménh dé hop thz‘mh, tich dai s6 cl}o
phép giao va cong thirc Lukasiewicz cho phép hop thi tdp mo dau ra E' khi dau
vao 1a mot gia tri rd x =[e,, e, ] s€ 1a [6]:

5 5
fiz:(¥) = min [L DD D1 (o)t (e ))} (13)
p=1 g=1
Vi p,,.(») 1a ham Kronecker, khi do
5 5
pp(¥) = min {LZZ(MA,P (301),“,1; (eoz))} (14)
p=1 g=1

+ Chon phwong phap giai mo:
Chon phuong phap d6 cao dé giai md, phép ldy MIN & cong thirc trén c6 thé bo
qua ma khong anh hudng t6i két qua, dau ra cta hé md duoc xac dinh nhu sau [7]:

SIS (1 (€911 4 (€02))

§=r3s (15)
SOy (it ()
() Hye (601)NA;1 (en)
3 X)=7 5 -
Dat Zz ('uA,f’ (eOI ):U’Ag (e()z )) (16)

1a véc to tham s6 hé mo va = y»7.
Phuong trinh (15) duogc viét nhu sau:
8(x|0)=0¢" () (17)
Khai quét trong truong hop tay may » khau, khi d6, cac ham bat dinh g,d,h.f,

duoc biéu dién dudi dar}g véc to. Ludt hop thanh dugc chon nhu (14), gidi mo theo
cong thirc (17) khi d6 dau ra ciia hé mo la:

£(x]0,) =0, {(x); d(x10,) = 0,5/(x); h(x|0,) = 0,5/(x); f,(x|0,) = 0,/(x) (18)

Phuong trinh xép xi cdc ham bat dinh g,d,h,f, st dung h¢ mo nhu sau:

g=0,®+g;
d=0,5(0)+s (19)
=0,5(x) +&;
f=0,{(0+g,
0, |6 ’
Voi 9, = ; 0, = ; Trong do, 0,12 ma tran tham s6 hé mo,
0, 0,

6, 13 ma tran tham s u6c luong, § =[5 Gn-&el"s VO g, dugce xac dinh nhu (16),

g =g, 8,81 1a véc to sai s6 xAp xi; k=12,.4i=12,...n.
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Pinh nghia © 1a ma tran duong chéo tham s6 hé mo, 61a ma tran duong chéo
tham s udc lugng

0 0

>

o= © . |Le= — Vi 9], <0,,6=0-06 (20)
0 8,
Chon ham Lyapunov nhu sau:
=7, -I—%tr((:)rké)) 1)

Vi & la ma trén xac dinh duong. Vi phan ham Lyapunov (21), qua mot sO phép
bién d6i va thay thé cac biéu thirc li€n quan, khi do:

V=—e"Ke—K|es|+ez" —&—tr(@TMi)—i—e@ST) (22)
Véi K 1a ma tran hé sb bo diéu khién va & — -6 . Chon luat thich nghi:
O=et"2" —nle|r 'O (23)

khi d6 V=—e"Ke—K;|es|+ee" +n|e| (0" (©—0))

Theo bat ding thic Schwarz ta c6: (@

1a gi tri nho nhét ciia K . Khi d6 ta c6 duoc [3]:

e|| <e'Ke, k

min

$+%WPWMM%J®L4@DS—MWm
Diéu nay noi 1én rang ¥ <0 véi diéu kién

"o 24
AT hoge [of, > Lo+ [y .

ll’ll[l

V<—k,. ||(:)||_%®M]2 - % o’

e||—eN +n

el >

Nhu vay, ta c6 thé két luan rang: Véi bai toan diéu khién bém sat gia tri goc cua
khop tay may dan hoi cho trong mé hinh (1), luét diéu khién tong hop theo (9) voi
danh gia xdp xi ham theo (18) thoa man diéu kién (24) thi sai s6 bam sat 6n dinh
tiém can theo Lyapunov 2.

3. MO PHONG PANH GIA KET QUA

3.1. Tham s6 mé phéng

Dé danh gia tinh dung dan cia thuat toan trén, ta xdy dung thuyc nghiém trén
Matlab — Simulink cho tay may hai khau véi khop dan hoi. Cac tham so cua tay
may st dung cho mo6 phong dugc chon nhu sau:

J = diag(0.216,0.216)(kg.m*) , B = diag(0.1,0.1)(Nm.s/rad), g =9,8m/s*,

K, =diag(0.1,0.1)(Nm/ 4), K, = diag(0.1,0.1)(Nm/ A) ,m;, =m, =0,2kg

R, = diag(5.0,5.0)(), L, = diag(200,200)(mH) , I, =1, = 0,2m
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k,, =k,, =100+ 30cos(0,5)(Nm / rad) , 1, =1, = 0,1m

Nhiéu tac dong duogc gia thiét c6 dang song vudng, bién d6 0.5 véi chu ky

d, =[0.5,-0.5] v&i ogtgg va d, =[-0.5,0.5]" voi %gtgw;

d, =[-0.5,0.5] voi OStS% va d, =[0.5,-0.5]" véi %gtgw

3.2. Két qua mé phéng
+ So d6 mé phong dwoc xdy dung trén Matlab — Simulink ¢6 dang nhw hinh 4.

P'LU L ut
Sine Wave Signal To
Workspaced
| dusdt L
» — Desjyafive —p ¥
REF_FJE_CTRL | j+C p| Robot Flexible pJ] Sigral To
Vorkspace2
S Function Ssturatan S Function?
'
gl
Signal To
|: : ! . t 'Works paced
Clogk Signal To
Works pace

Hinh 4. So d6 mé phong bé diéu khién Backstepping
Vv6i hé mo thich nghi xdp xi ham bat dinh.

+ Két qua mé phong:

SR

AN

N

LN J N

|

\

\;

\

) /N

Vitri khop 1(Rad)

\ /

Vitri khop 2(Rad)
~

N/

h N

----- Vi tri dat
= Vi tri thuc
i i

time(s)

Hinh 5. Gia tri vi tri goc cua khop 1.

N

o 1 2 3

----- Vi tri dat
= Vi tri thuc
7

7
4 5 7 s 9 10
time(s)

Hinh 6. Gia tri vi tri goc cua khop 2.

vitri khop 1 (Rad)

Sai s0 ban sat

3

time(s)

Hinh 7. Sai s6 bam vi tri khép 1.

]
time(s)

Hinh 8. Sai s6 bam vi tri khép 2.
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Dienap dongco 1(Y)
Dien ap dongco2 (V)

time(s)

Hinh 10. Pién dp phan iing dong co 2.

time(s)

Hinh 9. Dién ép phan img dong co 1.

- P6i v6i khép 1: thoi gian qua d6 1a 1.03s; d6 qua chinh 1 1%; sai sb tinh 16n
nhit 13 4.5%. D6i v6i khop 2: thoi gian qua d6 1a 1.04s, d6 qué chinh 14 1.5%; sai
s6 tinh 16n nhat 12 4.6%.

3.3. Panh gia két qua

Vi tri cua khdp tay may da bam theo vi tri dat voi do chinh xéac diéu khién chép
nhan duogc, thoi gian qua do va dé qua diéu chinh nho ngay ca khi hé s6 dan hoi
bién thién. Két qua mé phong duoc xay dung trong truong hop téng quat 1a tay
may robot 2 khau v6i hé s6 dan hoi bién thién dd mang lai chit luong diéu khién
bam sat chép nhan duoc, sai s6 bam sat nho. Nhu vay, co thé két luan 1a mo hinh
bo diéu khién Backstepping két hop hé mo dé xap xi bat dinh cho ta h¢ théng luén
6n dinh vé6i chét luong diéu khién chip nhan duogc trong thuc té cong nghé. Sai sd
bam sat vi tri xay ra tai thoi diém chuyen ddi trang thai cua tin hi¢u dat. Piéu nay
1a phu hop véi dic tinh dan hoi ciia khop. Viée két hop diéu khién bu bat dinh va
diéu khién chuyén mach da nang cao chat luong ctia hé khi khong c6 bu bat dinh
[2]. Hién tuong chattering do diéu khién chuyén mach gay ra da dugc han ché dang
ké (hinh 9,10).

4. KET LUAN

Bai bao da chi ra phuong phap téng hop luat diéu khién bam vi tri cho tay méy
khop dan hoi ¢6 tinh dén dong hoc ciia dong co chap hanh la dong co dién mot
chiéu kich tir bang nam chdm vinh ctru trén co sé phuong phap tong hop diéu
khién mo thich nghi Backstepping két hop cho truong hop tong quat 1a tay may
robot khép dan hoi va cé tac dong cua nhiéu loan va yéu t6 bat dinh. Mo hinh tay
méy khép dan hoi cé thé ing dung trong cac nha may lip rap dan tén lira v6i cac
yéu cau chuyén dong khit khe.
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ABSTRACT

ADAPTIVE FUZZY — BACKSTEPPING COMBINATION CONTROL FOR
ROBOT MANIPULATOR WITH FLEXIBLE JOINTS

This paper presents synthesis checking controller for robot manipulator
with flexible joints, dynamics of executive motors and effect of disturbance
based on Fuzzy system. A control algorithm is synthesized based on the
combination of backsteppping with Fuzzy adaptive system in order to
approximate the functions and switching control in the last step to increase
robustness. Finally, simulation results of a manipulator robot with two links
flexible joints based on Matlab-Simulink are presented to demonstrate the
effectiveness of the proposed control algorithms.

Keywords: Backstepping, Sliding mode control, Fuzzy system, Robot.
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