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Neuro-Sliding Mode Endpoint Control of Flexible-link Manipulators
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Abstract: To improve the robustness and position precision of endpoint control of flexible-link manipulators (FLMs),
a control strategy based on neuro-sliding mode (NSM) is proposed. Firstly, the dynamics model is partially linearized by
input-output linearization method, so it is separated into two subsystems of input-output subsystem and internal dynamics
subsystem. An NSM controller is designed to control the input-output subsystem while a states feedback controller is
employed to stabilize the internal dynamics subsystem. Then, stability of the internal dynamics is analyzed, and satisfactory
results are obtained in the simulation of controlling a 2DOF FLM. The results indicate that the presented method improves
the robustness and position precision of the FLM system when model uncertainty is considered.

Keywords: flexible-link manipulator (FLM); neuro-sliding mode control; partial input-output linearization

1 35| (Introduction) SR A U AT 4 PR 18 RS K o il
REREESN S0, N HA —E Ja RPE.
Moallem %5 B! Fil Arisoy 2% [© 5% FH % A/ Hi 2%

PEAC 7 VR RN T 3 2507 R b AT #8 7r £ Ak

FYENUMT RAT R e . TR PR REFGARAN IR
VR IR KA AL ML AT — KT, SR

M ILE R B RAT R, Rl sl e o AR AR
), g HURMCT A S i BRI R T — R B
R, S SRS A R R A AR AR MR
PE AP AR L MRS 5 45

VR 2 2 1) PR i N AE 212 R LT 1 45 761
th. PD CHE i) 2kl U Sk o, (H 2 &
PEAZE; G MR PR R B S
PENUBT S BCRL BAT € MG N T, (HF 2
GRS HOAR FG L 27 e ah # i vk

IR S BB AR PR SY, TR I A L E NS
R R AR S MRAL I . AR % T IAATAE P
AT A, R IR T EERG A ) 3 g A A A,
AR E VR, R S s,
P T B AT AR P SR I B, A o B AT R R
.

ASCHE IR T TR U (K SR AL
T A i 7 AR S0 CRID P Ao 228 o % S 1 A48
), R BT R B AN T RGN B A& T

HLeTH: HEARRSIESEITE (60305008); H% 973 iXI% BT H (2002CB312205).

WeR H 291: 2008-03-06



2630 &5 5 ik

T ST B AT U T A i 7 4% )

405

RGEPIER Y S N T AR SR s A
i, A B I BUE R APIRES BBt . s AT
R AN SR Ia 5, AR AN VR RIS BT 2)
HATR i g e

+ [

M[
é
Horf, MO IEEXRRIE RS, S,(0,8,0,8). S)(0,
8,0,8) 5B K A I KINTH, D\ D,
H BB FE B, Ko A NIEEHBE, w A OGN )
M. (87 8T =16,---6, Sit- O Bt Gy
A& HHLBR T 5015 M A R PR A A e i) ) R
Horbr 0, R i MR R, & 2 i NEF I
MBS, m A FERESEY AL

B AENT ST BV A, M 2 Ty, 4
H,
Hzl

D,

$,(0,8,6,8) 0

$.(0,8,0,6
\( 1+

H . .
2w (1) AT
H22

M=
6=—H,(5(0,8,0,86)+D,6)—H(S5,(0,8,0,8)
+D,8 +K,8)+H,u

()
8=—H,(5,(0,8,0,8)+D,0)—H(S,(0,5,0,8)

+D28 +K28) +H21u

(3)
AT e AR MR R, SR i P

VE BB T A S 07 .«
yi:9i+%z¢i,j5iﬁj7 i:1727""n (4)

ij=1
b ¢y 25 i DEATIER j AR AESTE AL 1
SR AN IEMKE. -1 <o < 1IN, RS

y=0+Cé (5)

C, 0
H, €= A onx mn 40
0 C,
BE, AR C= F 0u(t) 2t) -+ dun(l)], i =
L, l
3 i N/ AR 4 & 1% & (Partial input-

output linearization)

ERERIN S BN e E N S AN b s e

.

0
D,

2 FMHEFNMHFHERE (Dynamics
model of flexible-link manipulators)

n E R HEFF AU T30 ) %75 B 2

I
0 0 0 0 u
_I_
Vi e LA A L N U S Py S E S
It N R VR Y e AT I A 18

/
152

(D

y=A(,0,8,0,8)+B(x,0,8)u (6)

L, a=lo o - o), SR HEE A%
IS4 &5
A(@,0,8,0.8)

——(H, +CH,)(5,(0,8,0,8)+D,6)

. @)
—(H,+CH»,)(5,(0,6,6,8)
B(a7978):H11+CH21 (8)

Sz = [ty e, = (el pl]t =
. T N

'y =l vl =[8" & mERAD
e/
By=H,
i,=A(c,0,8,0,8)+B(a,0,8)u
V=V,
v, =E(0,8,0,6)+F(0,8)u

(€))

E(0,8,0,8)=—H,(5,(0,8,0,6)+D,0)

—H»(5,(6,8,0,8)+D,8 +K,5)
(10)

F(6,6)=H, (11)

KX O T, MB(a,0,8) "N, w, @, H5H
N1 R Y

Hi=H, 12)
B,=v

1My~ y, A SR G 33

vV, =V,

W, =E(0,5,6,8)+F(6,5) (13)

B '(,0,8)(v—-A(.6.5,6.5))



406 Bl 28

A 2008 =9 H

Hop, v Rt

4 12H1851%it (Controller design)

P20 A e v AN R A ) BR AR ],
A MRS BT, u BN R G
TR e AN BIASTE B i 2B FEHIGEH WL 1.

M
el

Ve Ve Wy y Vo

PDZ
[—’5 5 |

BT SREEDURT 2 2

Fig.1 Control structure of flexible-link manipulators
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Fig.5 Endpoint tracking trajectory of manipulator (based on I/O linearization, without model uncertainty)
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Fig.6 Endpoint tracking trajectory of manipulator (based on neuro-sliding mode, without model uncertainty)
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Fig.7 Endpoint tracking trajectory of manipulator (based on I/O linearization, with model uncertainty)
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Fig.8 Flexible modal curve of manipulator (based on I/O linearization, with model uncertainty)
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Fig.9 Endpoint tracking trajectory of manipulator (based on neuro-sliding mode, with model uncertainty)
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Fig.10 Flexible modal curve of manipulator (based on neuro-sliding mode, with model uncertainty)
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