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TOM TAT

Bai bdo trinh bay ting dung diéu khién thich nghi dung cac bé quan sét cho
Robot ¢6 khdp ndi mém. Trong b diéu khién nay muc tiéu dit ra 1a phai quan sét
duoc cac bién tdng thé ¢ thong s6 bt dinh dau vao va xét thém anh hudng nhiéu
ndi tai céc khdp, chinh vi vdy can phai bd sung thém mot ham nhiéu tac dong xen
kénh clia cac khdp khac trong bd quan sat vdi bo quan sat trugt SMO, bd quan sat
HGO va b diéu khién LQR s& lam cho hé chuyén dong cGa robot cac khdp ndi mém
on dinh va bén viing véi nhiéu.

Tir khéa: B6 quan sdt trugt SMO, bé quan sdt HGO, tiéu chudn Lyapunov, khdp
ndi mém.

ABSTRACT

This work proposes an adaptive control application for flexible joint
manipulator employing observers. An interstitial noise function must be added
since the objective of this controller is to watch the overall variables with input
uncertainty parameters and take into account the interference effects of the
joints. The state feedback controller in conjunction with channels from other joints
in the observer, such as the SMO sliding observer and the HGO big gain observer,
will give the robot's motion system flexible joints. steady as well as interference-
free.

Keywords: Sliding - mode observers, high gain observer (HGO), Lyapunov,
flexible joint manipulator.
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1. GIOI THIEU CHUNG

Khi tinh toan mo hinh dong luc hoc cho hé truyén dong
cac khép néi sau cla robot, trong thuc té chi do dugc cac
g6c ddng co con cac goc khép khong xac dinh dugc chinh
xac dé tinh toan vi hé truyén déng cac khdp néi sau nay c6
dac diém: cdng suat nho, kich thudc cac khép néi nay bi han
ché& (10cm) cho nén su két néi tir dong co dén khdép trong
mét khong gian han hep hinh try, thong thudng véi khoang
cach 16n dé néi gilta ddng cd va khdp ngudi ta dung dai
thang diéu nay dan dén hé hoat dong vaéi hai khéi quan tinh
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khac nhau va moémen quén tinh dong co rat nhoé so véi
momen quan tinh khép d6 la nguyén nhan tao ra khoéng
cling vitng & khép néi, do do vi tri déng ca khéng tring véi
vi tri khép gay ra sy dao déng trong qua trinh chuyén déng
lam gidm dé bam quy dao chinh xac ctia hé chuyén dong tay
may. D& nang cao d6 bam quy dao chinh xac, trong bai bao
dé xudt moét s6 gidi phap diéu khién d6i vai hé théng diéu
khién chuyén dong robot v6i nhimng khép néi mém la dung
cac bd quan sat SMO va HGO dé quan sat uéc lugng cac goc
khép [1-4].
2. MO HINH TOAN HOC CHO ROBOT CO KHGOP NOI MEM
M&i quan hé gilta dong co va khép robot c6 khép thi i,
biéu dién dudi dang phuong trinh [2]:
{Md+H+G(q)+K.(q—G):O

. (1
JB+K(q-8)=T,
Trong do:
K- Hé s6 ciing chia khap.
J-Moment quén tinh déng co.
Tu (1), xac dinh:
G=-M"[H+g]-MK(q-8)
2
é:—%(e—q)ﬁ—%’“ ?
Dét cac bién trang thai:
X 0
X, | |8
X3 q
X 19
Vector bién vao: u = T, (moment dong co). Viét hé
phuong trinh trang thai cho khép thi i

Tm

. K
X, __j(x1_xs)+T (3)

:X4

X4 =—M(x, )71K(X3 =X ) —M(x, ) [H(X3'X4)+G(X3)]

Viét dugi dang téng quat:
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X3

f,(x,,X,,X;,X
%= 5 (X0, %,,%5,X,) ,y=[1 00 O]X (4)
Xy

£, (X1, %5, %5, X,,U)

C6 nhiéu cach dua hé phuong trinh (1) vé dang phuong
trinh trang thai chuén:

x(t) = Ax(t) + f(x) +Bu (5)
Tuy nhién ta chon cach chuyén vai:
0O 1 0 O
K K i
P O,B{O}OO},
0O 0 -1 0
0O 0 0 -1
XZ
0
fox) = X, +X,

(M(x3)’1K(x1—x3)+x4—M(x3)’1(H(x3,x4)+G(x3)))
Gia thiét do dugc vi tri ctia ddng co 0 dugc dat lay = x;.
VGi f(x)thanh phan phi tuyén udc lugng clia f(x):
X,

0 6)

X;+X,

Sao cho kha nang dé co: [f(x)—f(x)|<6-

3.BO QUAN SAT TRUGT (SMO)
Cho hé théng phi tuyén sau day [1, 21:

X=AX+Bu (7)
Y=CX (8)
Trong d6:

X(t) € R" - Bién trang thai cla hé théng, y(t) € RP - Bién
dau ra, u(t) € R™- Tin hiéu diéu khién dau vao ctia hé théng
phi tuyén, Ac R™ - Ma tran trang thai, B € R™™ - Ma tran
diéu khién,

C € R - Ma tran dau ra, f(x,t) - Ham phi tuyén.

Cau truc bé quan sét trugt dugc dé xuat [1, 2], nhu sau:

X(t) = Ak(t) + f(%,t) + Bu—Ls —K * sgn(s) 9)

Trong d6:

L - ma tran quan sat Luenberger, K- ma tran phan hoi
trang thai clia bé quan sat trugt,

f() - Thanh phan phi tuyén udc lugng ctia f() va s - vecta
cac mat truot.

Mat trugt s dugc xac dinh bai:

s=y—-y=Cx (10)

V6i thanh phan sai léch udc lugng X xac dinh bai:
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X=X—X (11)

sgn(s):f/:[sgn(sﬂ ....... sgn(sp) T <RP (12)

TU (7) va (9), phuong trinh dong hoc mo ta sai léch cda
b quan sat truot nhu sau:

f((t) = AXx(t)+ Af —Ls—K *sgn(s)
Trong do:

(13)

Af =f(x,t)—f(%,t) - cAc thong s6 khong biét ctia d6i tuong
phi tuyén dugc gia thiét la ham bi chan trén vai diéu kién:
|Af|<6

Chon ham: v = %STS .

Néu rank(C) = p thi V la ham xac dinh duong.
Ta phailam cho V <0, nghia la:
V=s"$<-ns|<0 (14)
Trong d4, n la hang sé duong.
DPé (14) dugc thda man thi sai léch trang thai cia hé
thong luén dugc dua vé trén mat trugt s = 0 va gilr trén dé,
ticla s=o0:

§=C(AX(t)+ Af —K *sgn(s)) =0 (15)

= sgn(s) = (CK,) ' C(Af + AX(t)) (16)

Vi vdy mét hé théng ludn dugc dua vé trén mat truct
s = 0 v&i phuong trinh (13) va (16) thi xac dinh dugc phuong
trinh dong hoc mo6 ta sai léch nhu sau:

%=(1-K, (CK, )" C)(af + AX(1)) (17)

Diéu kién dé ton tai (17) 1a Rank(Ks) = p.
Theo (15), b6 quan sat trugt SMO (ing dung cho robot cé
khép néi mém nhu sau:

X, =X, —L,s—k, sgn(s)

(X, —X;) +%—Lzs —k, sgn(s)

— | =X

Trong dé:

K.=[k k, k, k] eR™ L=[L, L, L L] er™

s=y=y-y=x-9

- Xac dinh hé sé ma tran L thong qua can bang phuong
trinh d3c tinh véi phuang trinh chda nhiéu diém cuc can tim.
Xac dinh hé sé ma tran K, [1, 2]. Véi gia thiét do dugc vi tri
doéng coy = xi.

Mat trugt s dugc xac dinh:

S =X,—X,
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Sai léch trén mat trugt udc lugng vGi mat trugt cha doi
tuong:

5, =X,—%, =%, —L %, —k,sgn(%,)—x, =%, —L %, —k,sgn(X,) (20)

Thay 1) vao s$, < —n|s,| ta duoc:

X, (%, —L,X, —k,;sgn(x,)) < -n|%, |

k ~ _r]|)~(1| ~ ~
,sgn(X,) 2 — + X, —L,X, (22)
X1
Dat: |)f—1|=sgn(>“<1) S - (23)
X, sgn(x,)
Thay (23) vao (22) ta dugc:
k,sgn(X,)=2nsgn(x,)+ X, —L,X (24)
Chia 2 vé (23) cho sgn(X,) tadugc:
X -
ne LR 25)
sgn(x,)

Khai trién phuong trinh déng hoc mé ta sai léch ctia bd
quan sat khi tim dugc hé sé K.

x=(1-K(cK) ' C)(af+ AZ(1))

0 0 0 O
—t—z 1 0 o0 |[%,
1
io| ok, A% 26)
- o 1 0 ||x,
k1
Af,
k4
— 0 0 1
L kT a
Viét lai (26) tach phan nhiéu loan:
0 0 0 0]
0 —i—z 0 of[x,7 [0 o
. K1 X, | |1 0 [[Af, 27)
X = +
0 ——2 0 1|[%x,| |0 o[ af,
K
K1 %, 101
0 —— 01
L K1 i
Trong do: Af,, Af, - Théng s& nhiéu loan,
Af, =f, —f, Af, =f, — 1,
Xac dinh dugc cac hé s6 con lai ma tran K ti (27):
Af
k, =k, =2 (28)
XZ
X
k, =k, = (29)
X2
K, =k, Afs 30)
XZ
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Trong do6, céc gidi han can trén Af,, Af,, X,, X, dugc lua

chon. Tuy nhién ks, ks c6 thé chon bang khéng thi bé quan
sat trang thai van dam bo 6n dinh.

4.BO QUAN SAT HGO

(33

Cho mét hé phi tuyén sau [3, 41:

X=f(X), X eR",y,=h,(X)1<i<s
Quan sat cac bién trang thai can phai théa man diéu kién:
rank[ dh;(X),.....,d(Ly ', (X)) : 1<i<s]=n, VX eR" (32)

31

Trong trudng hgp trong sé n trang thai, bd quan sat HGO
), nhu sau:

%= K%+ Fx,) + Glx, )t

Véi:

(33)

AT AT a1 A T w fe s
X = [9 ,0 ,A A ] - Cac bién trang thai udc lugng.
X,= [ST 67T AT ,AT } - C4c bién trang thai thuc.

kp:[(eT-éT),(éT-éT )} Sai léch gitta cac bién trang thai

udc lugng va thuc.

5
C

AT T LT A

LR = XK= [(eT B)TA ) A -

>4
-
=
D:
D,
o>
”
-
| —
J

K&t hgp vai phuang trinh (34) véi phuong trinh (33) [3]:

X= (GOX))T- K X, +(F(X) - F(X,) (35)
. MO PHONG BO QUAN SAT TRUQT (SMO) CHO ROBOT
5 KHGP NOI MEM
Tnes ]
Lp |
A

Hinh 1. So d6 c&u tric diéu khién LQR va SMO
Trong sa d6 cdu truc (hinh 1), bo diéu khién LQR va bo

quan sat trugt c6 kha nang quan sat dugc cac trang thai qua
bién khép, géc quay dong ca, vi tri khép va ddng co. Bé quan
sat trugt cé nhiém vu thuc hién udc lugng trang thai chinh
xac con bo diéu khién LQR téi thiéu hoa ham tén that ning
lugng dé trang thai cGa hé théng chuyén ti trang théi nao
do6 vé trang thai can bang.

Cac théng sé nhu sau: By = 0,6Nms/rad; Ju=0,0013Nms*/rad;

B.=0,005Nms/rad; J. = 0,0013Nms?*/rad; K= 43Nm/rad, ty s&
truyén i = 105. Tl hé phuong trinh trang thai ta c6 cau truc
mo phong cho mot khadp robot st dung Matlab/Simulink két
hgp véi toolbox Simechanics.
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- - - . “- e . 'm I ma
B < e
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Hinh 2. So @ mé phéng b diéu khién LQR va SMO s /F
1.2 w-est
wftaifref\ 4 / \
0.8 \\\ ﬁ 3
g ose \ . 8 5
3 X g - \\
g V / sai Jech dieu chinh g
o . & o
o2 \sai lech uoc luong
° s Time (s) ! e o 0.5 1 1.5
v R 3 T T ™ Time (s)
l:'_':]h 3. Bieu dien goc taiva goc tai dat Hinh 6. Bi€u dién t6c d dong co thuc va udc lugng
5
1.2 mw—tai—es(
teta-est a
1 teta
% 0.8 3 / \
S
g 0-6 T 2
> 8 w-tai
0.4 '§ \\
/ 1
0-2 sai lech uoc Iu Dng\ o
00 0.5 time (s) 1 1.5 \sai lech uoc luong
-1
Hinh 4. Biéu dién gc dong co thuc va udc lugng © % hme ! e
1.4 Hinh 7. Dap ting toc d6 khdp thuc va uéc lugng
ref————— 6. MO PHONG BO QUAN SAT HGO CHO ROBOT CO KHGP
e NOI MEM
% o8 C4u truc diéu khién ctia bo diéu khién phan héitrang thai
5 oe [3, 4, 5] nhu hinh 8.
0.4 Cac théng s6 nhu sau: By = 0,6Nms/rad; Ju=0,0013Nms?/rad;
0 / S B. = 0,005Nms/rad; J. = 0,0013Nms?/rad; K = 43Nm/rad, ty s6
. ~a truyén i = 105. T hé phuong trinh trang thai ta c6 cau trdc mo
° oe ime (o) ! "* phéng cho mét khdp robot str dung Matlab/Simulink két hop vdi
Hinh 5. Biu dién g6c khdp thuc va udc lugng toolbox Simechanics, véi théng s6 nhubang 1.
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0,6 bao dugc vi tri khép thuc bam sat vi tri khép udc lugng va
) dam bao dugc vi tri khép thuc bam sat vi tri khép dat vdi sai

=
leu

hién

Manipulator

Ej T Flexible 0.0 s8 nhé hon 0,1%. D& kiém tra dic tinh dong cla hé truyén
K

dong cac khdp ndi mém, bo diéu khién phan héi trang thai
dung bé quan sat SMO, HGO dé udc lugng géc khdp dé kiém
tra dong cha khau quan sat trugt udc lugng goéc tai, thay
rang: hé én dinh, ddm bao chat lugng bam quy dao chinh
xac. V&i su chiing minh thuat toan diéu khién, cho thay thuat
toan diéu khién nay c6 tinh kha thi tét véi dung lugng tinh
Hinh 8. C&u triic bo diéu khién phan héi trang thai véi bd quan sét HGO todn nhd, phu hgp Ung dung cho I6p d6i tugng la cac hé
truyén déng tay may cong nghiép c6 khdp n6i mém khéng
nhiing doi hdi giam dugc dao dong trong qua trinh chuyén

AA

Bang 1. Thong s6 md phong

Tham s§ Gia tri dong ma con dat dugc do chinh xac cao vé chat luong diéu
K, 250 khién trong giai diéu chinh.
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Hinh 10. Ddp ting vi tri tai va vi tri dong co

Nhan xét: Theo két qua mo phong thé hién trén hinh 9,
10 ta thay, dap (ng vi tri tai va vi tri ddng cc hé diéu khién
phan héi trang théi dung bd quan sat trugt HGO bam sat
nhau.

7. KET LUAN

Qua ly thuyét va két qua mé phong cho thay, dung bo
quan sat trugt dé€ udc lugng cac goc khdp ndi mém da dam
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