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6-PRRS parallel robot of auto-disturbance rejection controller on
high-precision trajectory tracking
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Abgtract : A distributed control strategy is used and a high robust auto-disturbance rejection-controller (ADRC) is
designed in joint space of robot to implement the high-precision trgectory tracking of 6- PRRS paralel robot. The
ADRC is composed of nonlinear tracking differentiator (N TD) for feedforward control , an extended state observer
(ESO) , a nonlinear proportional-derivative controller (NPD) in the feedback path and disturbance compensation. The
ESO compensated by model provides the estimate of the unmeasured system’ s state and the real time action of the
unknown disturbances, then improves the performance of the system. This ADRC is designed in distribute form and
easly applied to engineering. The experimenta results show the strong robustness and high tracking performence of
this control strategy.

Key words: Parallel robot; Auto-disturbance rgection-controller; Nonlinear PD; Traectory tracking control

PID [1.2]
[3] [4]

:Park
6 ; Honegger

1 2006-04-30; 1 2006-06-20.
(1968 5 , , , ,
; (1978 > , , , ,



792 22
(6] :Choi 1" y y B X a
H4 ; X,Y,z Xo , Yo , 20
Vivas '@ H4
6- PRRS Pi .
, (Xo,Yo,20) aBy)
, 6 PRRS , P (1)
Bi
2 6-PRRS Bi = [Bx By Bi 1]',
2.1 6 PRRS i=1,2, 6. (5)
6 PRRS 1 By Be
6 }
, PBi = BBi - BP- PPi =1,
: , i=1,2, ,6; (6)
| .
Bix = P - »/|2 - (By - Py)? - (Bu- P2)?,
, , i =1,3,5, (7a)
B = Pu + W2 - (By- Py)2- (Bi- Pu)?,
i =2,4,6. (7b)
z,,A)7 (7)
(7) 6
Bix = fi(xo,yo,20BY),
i=1,2, 6. (8)
1 6PRRS ® - 5 5
2.2 6PRRS B Bu B
B Oxo Oyo 02
1x
B OB2x  OBax  OBax
2 = aXO ayO aZO —
{ Ov~XbYbZb} { OpXpypzs},
B P. Be OBsx OBax OBex
, L Oxo ayo 020
P= TP, .i=12, .6. (1) OB, OBi.  OBu [ %]
P & @ a/ yO
[ O Xoynz} ’ OB2x  OBa2x OBax 20
] . @ B ¥ ‘ (9
Ph=[Px Py Pz 1] ; (2) a
P P, { Oy~ XpYpzp} OBex  OBax OB B_
)| @  JLy-
pi = [pix F’iy F’iz l]T, (3)
T Y = [J]exs X. (10
[J]exs
T = T(xo,Yo,2) Rx@) RY@) Rzly) =
GG SBG - Gy GBG + &Y
@S 3y + GG GIY - SG Yo 4
-3 S G @ %1 1908
0 0 0 [10] [11]
(2) 2 [12] [13]



7 : 6-PRRS 793

(ADRC)
(NTD) ,
(ESO) PD (N PD)
ADRC - ,
PD
3.1 (NTD)
TD
) 5
r2, \ TD
n(k+1) =nrn(k + hxr(k,
r(k+1) =
r: (K + h- fhan(r. (k) -
r(k),r2(k) ©,h). (12)
*h 0 :
fhan(x.,x © ,h)
fhan(xl,xuﬁ,h) =
dsgn(a) , | a| > d;
3@ d), | al < d (12
sgn(-) ;a d
o+ L8 gn(y),
T v e 43
x2 +y h | y|] £ tb;
d=0h,
b = hd,
y = x1 + hxz, (14)
o= J+D| y]|.
r(t), (11) 2
rn(t) r2(t) rn(t) —r(t),
r(t) - r(t). 't = kh Jk
3.2 (ESO)
ESO
ESO

€0 = (K - y(K,

z(k+1) = z(kK + h(z (K -Bﬁo),
2(k+1) =

22 (K + h(z (K + fo(z(K ,2(k) -
Bofal €0 01 01) + hu(k)) ,

zz(k+1) = zz(k - Bafal €000 D1).

(15)

(01, 02,B1,B2,B3, 04 o)
fo(z (K ,2(K) ,
fa € ,a,0)
|€ |“sgn€) , |€| >9d;

faepp) = €/0""  |€| <0. (16)
3.3 PD (NPD)
PD
ADRC
e =n- 21,
& =1 - 22,
W = kfal (& fo Bo) + (17
kefal (& foz2 Oo) .
- fal (e0 Qo) (16)
ko, ka Oor Oz 0o NPD
3.4
ESO
,ADRC
U = Uo(y - &1 - k) (1)
. ADRC 2
ﬂﬂ%@jzﬁfﬁ%yf% UNTTER
Bl 1/b, b:
N
JAEES) >
1 Zi =H
Z, |JESO
2 ADRC
4
6 PRRS
ADRC
3
(19)

S

3
3 L =10 mm,
Ki=0.9533N- m/A,J =J1+J2,
Ji = 1.31x10" kg/ m*, Ji =
4.85 x 10* kg/m*, B, = 5 x 107°

N- m- ¢rad.



794 22
f(Y) = osgn(V), i =1,2, ,6. (20 ESO ,
o) 1.8, , '
@ . , PD
fo(z (K ,2(K) ,ADRC ,
0 =200, = K/ JO:1 =0.50, 20.2531
= 1000B2> = 30000Bs = 5000000: = 0.005,k ,
=3.7,ki = 0.056 700 = 0.720c2 = 1.100 = ,
0.03. 4 h=2ms, wW=>5rad/ s
' r=230 ( References)
mm , (8) (1] ’ .
S . ) [31. , 2004, 40(4) : 177-180.
(Zhang Xiufeng, Sun Li-ning. Research of precise
1/ 10 000. parallel robot control method and system[J]. ChineseJ
, of Mechanical Engineering, 2004, 40(4) : 177-180.)
; [2] ; . .
600 — ——— I(DID [J]. , 2003, 18(4) : 490-493.
— = Su Yuxin, Duan Baoryan, Zhang Yongfang, et a.
2\%’//&— Nonlinear PID control of a parale manipulator [J].
200 Control and Decison, 2003, 18(4) : 490-493.)
£ [3] , , .
§ [3]. , 2004, 38(9) :
-200 955-958.
L (Wan Yamin, Wang Surran, Du Hai-feng. Dynamic
—i\\\iigz neural network control of hydraulic parallel robot[J]. J
-600 04\_7.8 T of Xi’ an Jiaotong University , 2004 , 38(9) : 955-958.)
t/s (4] ' ’ o
[3]. , 2003, 15(3) :
4 401-403.
: ; : : : (Jiao Xiao-hong, Geng Qiuwshi, Fang Yi-ming, et al.
0.02

£ 0.00 |
£
BN
-0.02
-0.04 i i i i i i
0 0.4 0.8 1.2
t/s
5
5
6- PRRS
PD
4

Adaptive robust tracking control of hydraulic serve
parald robot[J]. J of System Smulation, 2003, 15(3) :
401-403.)

[5] Prk M K, Lee M C, G SJ, et a. The design of
diding mode controller with perturbation observer for a
6-DOF parale manipulator[ C]. IEEE Int Symposiumon
Industrial Blectronics. Korea, 2001 : 1502-1507.

[6] Honegger M , Brega R, Schweitzer G. Application of a

—_

nonlinear adaptive controller to a 6 DOF pardld
manipulator[ C]. Int Conf on Robotics and Automation.
San Francisco, 2000: 1930-1935.

[7] Choi H B, Company O, Perrot F, et a. Design and
control of a novel 4DOFs parale robot H4[C]. Int
Conf on Robotics and Automation. Taipe , 2003: 1185
1190.

[8] Vivas Andres, Poignet Philippe. Predictive functiona

—_—

control of a paralel robot [J]. Control Engineering
Practice, 2005, 13: 863-874.

( 799 )



799

to =0 (t)—[l'S}
0o = U, X(lb) = 2.

As(f) = 251 e(t) I 2.

SDPP
2 3 . ,
SDPP ,

: SOPP

( References)

[1] Zhang Wei , Branicky Michael S, Philips Stephen M.
Stability of networked control systems [J]. |EEE
Control Systems Magazine, 2001, 21(1) : 85-99.

[2] , , :

[J]. , 2004 , 19(5) : 589-591.
(Xie Linrbo, Fang Huajing, Wang Hua. Information
scheduling and asymptotical stability of networked
control systems[J]. Control and Decison, 2004, 19
(5) : 589-591.)

[3] Mu Shumei , Chu Tianguang, Wang Long, et a. State
feedback control of networked systems via periodical
switching[ C]. 2004 |IEEE Int Symposium on Computer

Aided Control Systems Design. Taipe , 2004 : 356-361.

[4] Dimitrios Hristu. Sabilization of L Tl systems with

—_—

communication constraints[ C]. Proc of the American

Control Conf. Chicago:lllinois, 2000: 2342-2346.

Peter E Hokayem, Chaouki T Abdallah. Inherent issues

in networked control systems: A survey[ C]. Proc of the

2004 American Control Conf. Boston: Massachusetts,

2004 :4897-4902.

[6] Panos Antsaklis, John Baillieul.
networked control systems[J]. Automatic Control,
2004, 49(9) : 1421-1423.

[7] Luis A Montestruque, PanosJ Antsaklis. Model-based
networked control systems stability [ R]. Notre Dame:

[5

—_

Secial issue on

University of Notre Dame, 2002.

John K Yook, Dawn M Tilbury, Nandit R Soparkar.
bandwidth:  Reducing
communication in distributed control systems using state
estimators [J]. IEEE Trans on Control Systems
Technology , 2002, 10(4) : 503-518.

Xu Yonggang, Joao Hespanha. Communication logics

(8

—_—

Trading computation for

[9

—_—

for networked control systems[ C]. Proc of the 2004
American Control Conf. Boston: Massachusetts, 2004 :
572-577.
[10] , . [M].
, 1992.
(Deng Yonglu, Liang Zhi-shun. Stochastic point
processes and applications[ M]. Beijing: Science Press,
1992.)

( 794 )

[9] : [J1. :
1998, 13(1) : 19-23.
(Han Jing-ging. Auto-disturbances rejection controller
andit’ sapplications[J]. Control and Decison, 1998, 13
(1) : 19-23.)

[10] , .
, 1999, 14(4) : 354-358.
(Han Jing-ging, Zhang Wen-ge. ADRC control for

[3].

large time-delay systems[J]. Control and Decision,
1999, 14(4) : 354-358.)
[11] : , .
[J]. , 2004, 44 (10) :
1329-1332.
(Su Wei-feng, Sun Xudong, Li Farhai. Vector control
of induction motors with active disturbance reection
ocontrol[J]. J of Tsinghua University , 2004, 44 (10) :

1329-1332.)
[12] , , ,
[J]. , 2005, 17(1) : 241-

244,

(Huang Huarrpao, Wu Li-giang, Gao Feng, et al.

Main steam temperature control of therma power plant

based on active disturbance regection control [J]. J of

System Smulation, 2005, 17(1) : 241-244.)

[13] , : :
[J1. :

2004, 21(6) : 956-960.

(Su Yuxin, Duan Bao-yan, Zhang Yong-fang, et a.
the feed
supporting system for the square kilometer array[J].
Control Theory & Applications, 2004, 21 (6) : 956-
960.)

Auto-disturbances regection oontrol of



