CONG NGHE

DUNG BO QUAN SAT HE SO KHUECH BAI LON (HGO)
CHO HE TRUYEN BONG TAY MAY KHOP NOI MEM

USING THE HIGH GIAN OBSERVER (HGO) OF FLEXIBLE LINK MANIPULATOR

TOM TAT

Bai bé&o 8 cap dén van dé xay dung b quan sat hé sd khuéch dai I6n HGO
wéc legng goc khop cho hé truyén dong khop néi mém va ding né lam tin hiéu
phan hoi. Sau dd két hop bo diéu khién phan hdi dau vao - dau ra diing b quan
sat hé sd khuéch dai lon HGO dé wac lugng gdc khép cho khdp ndi mém. Két qua
m0 phdng trén phan mém Matlab/Simulink véi mdt khop ndi mém, cho thay hé
truyén dong chuyén dong mot khop ndi mém da dap Gng dwoc yéu cau diéu
khién: dam béo hé chuyén ddng khdng dao dong, dap ting vi trf clia tai dat bam
sat vi tri tai thuc v6i sai so 1a nho.

Tlr khda: Bd quan sét hé so khuéch dai Ian (HGO), bd diéu khién phan hi dau
vao- daura.

ABSTRACT

This paper addresses problem of building up a high gain observer joint angle
estimation for the industrial manipulator joints with link flexible and use it asa
feedback signal. Then coordinate the Input - Output controller use the high gain
observer joint angle estimation for the industrial manipulator joints with link
flexible. The simulation using Matlab/Simulink software and experiment results
with a single link flexible indicates the transmission couplings with a single link
flexible has met the desired control: ensure the system is non-oscillation,the
response of the reference load position tracking closely to the load position so
error is small.

Keywords: High gain observer (HGO), Input - Output controller.
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1.DAT VAN BE

Trong cdng nghiép viéc truyén lvc, mé men tir ddng co
dén tai dugc thuc hién bang cac khép néi [2, 3, 8]. Cac khap
n6i do nhiéu ly do ma né khéng cling vitng, gay nén hién
tvong cong hudng co hoc [9, 10]. Cong hwéng co hoc cod
anh hudng xau dén may va san pham. Cé rat nhiéu phwong
phap dé khic phuc hién twong nay. Cac phrong phap vé
mét co hoc khic phuc cong hudng la l1am truc truyén luc
clring hon va gidm ty Ié m6 men quan tinh gitra ti va dong
co [10]. V& mét diéu khién, cac bd PI diéu chinh téc do
thong thuong khdng giai quyét duoc van dé nay. Dac biét
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la khi can toc do dap rng hé thdng nhanh, hé s6 khuéch
dai K, ctia bg PI tang nén, hién tuvong cong hudng xay ra.
Ngoai giai phap vé mét co hoc, vé mét diéu khién co rat
nhiéu phuong phéap khac phuc hién twgng cong huéng co
hoc, nh diing cac bd diéu khién bién thé ctia PID (I_P,
|_PD). Hai b6 diéu khién nay c6 tac dung tdt hon PID théng
thuvong do giam sy tdng nhanh cua tin hiéu diéu khién.
Dung bd loc théng thap hoic bd loc dai chan hoc bd loc
bi-quad dat ngay sau bd Pl théng thuwong [11]. Phuong
phéap nay lam thuc hién kha don gian va cling cho két qua
t6t. M6 men xodn truyén tir tai dén dong co la nguyén
nhan gay Ién hién twgng cong hwéng co hoc vi vay c6 cac
phuyong phap phan hdi mé men xoan [12], phan hdi vi
phan md men xoan [13]. M& men xoan dwoc gay ra bdi sai
l&ch vij tri gilta hai truc dong co va tai, nén cac phuong
phéap trén doi hoi phai tinh toan duoc sai léch nay. D€ gidm
b6t dwoc sensor do vi tri tai, st dung cac phuong phap
quan sat trang thai nhu cac b6 quan sat Luenberger, [2, 11],
cac bd quan sat dung bo loc Kalman[14], bd quan sat truwot
[1, 15], bd quan sat HGO [5, 7]. Chét lvgng truyén dong rat
guan trong dac biét la khi cac thong sé vat ly hé théng cé
si thay d6i hay c6 nhiéu nhiéu loan khac nhau. D& nang
cao chat lvgng cho hé truyén dong chuyén déng bam cho
cac khép n6i mém clia tay may cdng nghiép da co rat nhiéu
luat diéu khién duoc &p dung, trong bai bao nay dwa ra mot
phuwong phap diéu khién cho hé truyén doéng khép noi
mém la: Dung bd quan sat hé s6 khuéch dai lon HGO dé
wéc lwgng goc khép cho hé truyén dong tay may khép noi
mém, xem kha nang doé chinh xac véc lvong cac géc khép
va dugc minh chirng cho mét khép néi mém.
2. MO HINH TOAN HOC HE TRUYEN DONG KHOP NOI MEM

Xét phuong trinh dong lwc hoc clia tay may khép noi
mém, [3, 4, 6, 7], hinh 1

M(q)d +h(q,q) +Kg+g(q) =Bt 1)

Trong dé:

7. vecto nx1 mémen sinh ra béi co cdu chap hanh dat
[en khép, T (t) = [14(t), T(t),.... T T

q: vecto nx1 cac bién khép,

q(t):[el’ 851:-80,011,012 1, 01Oz s O, ]T

:[GT,ATJT 2
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Ma: A(t) = |:6i1’6i2 ------ Oim, JT A= [AlTxA; A A JT

M(q): ma trén quéan tinh (nxn) trong hé toa d6 khép co
cac thanh phan (i j);

H(g.,q) : vecto twvang ho va ly tam (nx1);

G(q): vecto trong truong (nx1);

K € ™M™ 13 ma tran xac dinh duong;

B € R ™" |3 ma tran dau vao.

Phuwong trinh (1) viét lai, dwgc mo ta béi;

e el B e lake ol
67 [Ha(t=h,~g)~Hy(n—g, +kyt)
S A

Trong dé: r, f 1a cac chi s6 bi€u thj cac bd phan khép noi
clrng va mém.

hrr hrf _ Mrr Mrf B
hfr hff - Mfr Mff
Phuong trinh mod ta toan hoc cho cac khép néi mém,

duwoc xac dinh (4) tr d6 dat bién trang thai nhu sau:
x=[67,a7,6",AT]=[x],x},x],x; ] (5)

—
w
-~

—
S
~

Viét phwong trinh trang thai cho cac khép n6i mém
nhu sau:

X =F(x)+G(X)T (6)
Trong dé:
X
F= X
H (1) (0606, %)) - Hy () () +6 (%, 30) HheX, ) | (7)
-H (41 %) (9 61 (¢, X,))- Hy (61,56 )(hy (39 65 (6, 50) +y )

G:[oT,oT,HI(&,&),Fﬁ(wz)]T

It Joint

Hinh 1. Tay méay gom nhiéu khép n6i mém

3.BO BIEU KHIEN PHAN HOI DAU VAO - PAU RA
Str dung bo diéu khién phan hoi dau ra, dwoc xac dinh [7]:
n=06+AA )

Trong dé: A la ma trén (n x m), dwgc xac dinh [7]:

T (8) co:

H=0+AA=QM Xx)+ P, X, X,)T

Trong dé:

Q=-H, +AH,)(h, +9,)-(H; +AH,)(h, +g, +KX,)
W=H,+AH,,  A=[A A0 ]

(10)

11)

Str dung bd diéu khién phan hoi dau vao, duoc xac dinh [7]:
t=¥1-Q) 12)
Vi tin hiéu diéu khién dau vao v, dwgc xac dinh [7].
U=H,+k,e+k e+k,A+k,A (13)
Trong do: k,,k,,kq,,K, lacac hang s6 xac dinh dwong.
Thay (12) vao (10), xac dinh dugc;
n=v (14)
DPé dam bao (14) lubn cé e — 0, nhu vay thay (13) vao
(14) x&c dinh dugc:

E+k,e+k,e=-(Kyh +k,A) (15)

Trong d6: e=n,—n

Dam bao hé truyén dong tay may c6 khép néi mém (6)
chuyén dong 6n dinh theo quy dao mong mudn, luén ¢
e — 0, phai co si két hop bo diéu khién phan hoi dau ra (8)
va b6 diéu khién véi dau vao (13), can dat nhu sau:

8=-NAA, 6=-AA, B=-AA (16)

Thay (16) vao (13) xac dinh dugc tin hiéu diéu khién dau
vao méi:

0=k, ,A+k,A 17)
Thay (17) vao (12) x&c dinh dugc:

T=07'0-9Q (18)
Trong dé:

Q=-(H, +AH,)(h, +g,)-(H, +AH,)(h, +g, +K,X,) (19)

P=H, +NH,, )\:[)\la)\27""’)\n]T

Vay phuong trinh trang thai cho cac khép néi mém méi
nhuv sau:

X = F(X) + G(X)T (20)
Trong dé:
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X3
— X4
o H, 060,56) (0 09+, 061, ) - Hi (6,6 )(M 09+ (6, 5) +Ke X, )
-Hi ()0 (9 +6, (1, X,)) - Hy (1, %, )y () +G (%1, X,) +Ke X, )
G:[OT,OT,Fer,(xl,xz),FlfT,(xl,xz)JT
X =[)T 5,4, X, |
Twr (17) dén (19) thay vao phuong trinh (20), xac dinh dugc:
x=D,(¥=[D}.,D},.DL.DL ] (22)
Trong dé:
D,, =-Ax,,D;, =X,;
25 = (H (%) (M, (R + G, (%)) - Hi (,) (0 () + G, (%) +K X))
+H, ()P @-Q) (23)
Dz4 = (_Hfr(xz)(ﬁr ()_() + g (Xz )) - Hrf (XZ)(Hf()—() +§f (Xz) + kffxz))
+Hfr(X2)lTJ-l(\_/ - ﬁ)
Néu D, ma bang khong thi tir (17) dén (23) xac dinh duoc:

D,7,[AD,|_[ © (24)
D23 /\Dz4 de + kAA

|:X2:| |: . X4 :|
=
X4 Dz4 (X21X4)

4. BO QUAN SAT HE SO KHUECH PAI LON (HGO - HIGH
GAIN OBSERVER)

Xét mot hé théng phi tuyén sau day:

x = f(x), x eR"

y, =h(x),1<i<s

Hé théng phi tuyén (26) c6 thé quan sat cac bién trang
thai can phai théda man diéu kién:

rank[ dh, (x),......d(L "h,(x)) s 1<i<s]=n,vx e R (27)

(21)

(25)

(26)

Tuong tw nhu viéc ha bac bd quan sat Luenberger, bay
gio ta s& mé réng bo quan sat HGO cho trwong hop trong
s6 n trang thai, bd quan sat HGO (28), nhu sau:

%= F(xg) + 6(xo)T+K X, (28)
Trong dé:

;
X = [é A0 ,AT} - Cac bién trang théi woc lugng.

[GT AT,07, A } - Cé4c bién trang thai thuc.

thai wéc Iucng va thuc.
K, - Hé s khuéch dai ctia bo quan sat.

} Sai léch gilta cac bién trang

= x=x-x=0-8).0 -84 -4 )66 |

:[é

(29)

[>z

g A}
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Két hop v6i phwong trinh (28) va (6) ta co:
X = (F(9)- F(x,)) + (GOY)T- K, %p (30)

BO6 quan sat HGO (28) nay sé& duoc st dung trong bai
b&o dé quan sat trang thai ctia khdp néi mém. Mé hinh co
cdu truc bd quan sat HGO nhuw hinh 2.

0,0
(o Coniroler TR TN SUL
3 Manipulator
e xP
] &
Non-Linear High -
) Gain Observer  —p—
AA AA

Hinh 2. M@ hinh co cau tric b quan sat HGO

5. TONG HOP BO BIEU KHIEN PHAN HOI DAU VAO - AU
RA DUNG BO QUAN SAT HE SO KHUECH PAI LON (HGO)

5.1. Téng hop bd diéu khién phan hdi diing bd quan sat
hé s6 khuéch dai Ién (HGO) dé wéc goc khép
Str dung bd diéu khién phan hoi dung bd quan sat HGO
dé wdc lwvgng gdc khap xac dinh nhw sau:
=07 (0-Q)

Al A

Trongdo: P ,Q0
[o7.7 6.

(31)

deoc &y tr (13) va (19) ti

! } - Céc bién trang théi thurc, nhu sau:
Q=-(H, +AH ) +,)- (A + AH (A, +§, +Ke%,)
P =A, +AH, 0=, +k & +k & +k,A+k,A

Tl (8) x&c dinh duoc:

(32)

A=8+AA, r] e+/\A

=€e=n,-1, é= Ny - I’]
Vay tlr (6) va (7) phwong trinh déng lyc hoc kin dugc xac
dinh:

X F(x G
)'( =1, (x) |+ A(X) T (33)
)2 F(X0)+K0Xp G(XO)

Thay thé (31) trong phuwong trinh (33);

X, =T(%, 1) (34)

Voi x =

[XT,XT]T

5.2. KEtqua mo6 phéng

Két qua phuong trinh dong luc hoc cla tay may khép
n6i mém duoc tinh toan tr (2), [7]:
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pL3 . 1.2
m,(L* +(5,8)°) + (1, + - +pB3?) mj, +pA m
. ,
f
m,Lj, +pA mji+ps |10 /1
. 2653(m, j> +pB Lo o el [T > //
H5(mj2+pB | |0 EINJ[3] |0 g oo
Trong dé: ‘«E 04
A= dx B = [ ¢2(x)d ﬂ
- J.O X(p(x) X, - J.O (p (X) X, 0.2 /
_ [t dch(X) 2 _ 0/
N=[ E e axe. =)
Thoéng s6 dung mé phdng clia mot khép néi mém nhu I R .y e e
trong bang 1.
Tham s6 Ky hiéu Gia tri (donvi) 0-04
Chiéu dai L 0,6(m) 0.035
Mét do khi luong P 7800(kg/m’)
M3t cat ngang (rong x do day) axb 30x2,5 (mm) 0.025
Udn cong ciing El 7,8125 (Nm?)
0.02
Thoi diém quan tinh Hub Iy 0,001(kg m?)
Khéi luong vt néng treo m, 0,250(kg) o018
Thong so6 ctia bd diéu khién va bd quan sat HGO nhu 0.01
trong bang 2. 0.005
Béng 2. C4c thong s6 clia bo digu khién va bg quan st HGO .
Thang sb Gié tri ° ° Time(®) " *
k, 200 Hinh 5. Dap (rng sai léch diéu khién vi trf khap thic vavi trikhdp véc lrong
kv 9 ,—200 0.04
kA 50 0.035
de 2\/% 0.03
Ko 400 400 400 400 T 0.025
400 400 400 400 0.02
Céc két qua mé phong dwoc biéu dién tir hinh 3 + 6. 0015
12 0.01
1 Pt 0.005
08 // OO 2 4 6 8 10 12 14 16 18 20

/ Time (s)
0.6

Hinh 6. Dap (rng sai léch digu khién vi tri khdp dét va vi tri khp thue

Nhan xét; Tir cac dac tinh mé phéng cho thay sai léch
diéu khién:

0.4

0.2 /

[¢]

Jiont Angle (Rad)

1210
Sai léch lén nhat: e,,,,, =

100% = 0,12%

Céac dac tinh mo6 phdng cac trang thai vi tri khép thuc va

0 2 4 6 Py 2w e vi tri khép woc lvgng trén tir hinh 3 + 6 da chirng minh bd

HGO duoc thiét ké la chinh xac, cho thdy cac duong dac

Hinh 3. Bi€u dién dap tng vi tri tai thuc va vi tri khép woc lrong tinh clia tay may cé khép néi mém la t6t voi thoi gian xac
lap nhé, giam dao dong, d6 qua diéu chinh nhé.

-0.2
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6. KET LUAN

Qua ly thuyét va két qua mé phong cho thay, dung bd
guan sat HGO dé wac lvgng cac goc khop cho hé truyén
dong tay may cong nghiép khép mém da dam bao duoc vi
tri khop thyc bam sat vi tri khdp wéc lugng va dam bao
dwoc vi tri khép thue bam sat vi tri khép dat véi sai sé nho.

Dé kiém tra dac tinh dong clia hé truyén dong cac tay
may khép mém, trong bai bao nay da dwoc thir nghiém cau
trac diéu khién: Bo diéu khién phan héi dau vao - dau ra
dung bé quan sat HGO dé woc lugng goc khép dé woc
lwvong goc khép dé kiém tra dong clia khau quan sat treot
wéc lwong goc tai, thdy rang: hé én dinh, ddm bao chét
lvgng bam quy dao chinh xac.

Véi s¢ chirng minh thuat toan diéu khién, cho thay
thuat toan diéu khién nay co tinh kha thi tét véi dung
lwvgng tinh todn nhé, phu hop (ng dung cho 16p dbi tvong
la cac hé truyén dong tay may cdng nghiép khép mém
khéng nhi*ng doi hoi gidm duoc dao dong trong qua trinh
chuyén dong ma con dat dugc do chinh xac cao vé chét
lwvgng diéu khién trong giai diéu chinh.
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