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Design of constrained predictive control system for
6 degrees-of-freedom manipulators

ZHANG Xiao-ying!, LI De-wei'T , XI Yu-geng!, CHEN Wei-dong?
(1. Key Laboratory for System Control and Information Processing under Ministry of Education, Department of Automation,
Shanghai Jiao Tong University, Shanghai 200240, China;
2. Institute of Automation, Department of Automation, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Based on constrained predictive control, this paper proposes a real-time motion control scheme for manipula-
tors. The control scheme is composed of two layers, with constrained predictive controller in the higher layer and trajectory
tracking controller in the lower one respectively. The constrained predictive controller creates a trajectory with considera-
tion of the system constraints for the lower layer controller. While the trajectory tracking controller adopts an optimal state
feedback law to minimize the predicted tracking error. Input-output linearization is used to simplify the dynamic model
used in the model predictive control (MPC) controller design in both layers. Furthermore, a feedforward-feedback control
structure is proposed where feedforward is introduced to the constrained predictive controller to reject disturbance. In this
way, fast and stable tracking as well as satisfaction of input constraints can be achieved. The proposed control scheme is
tested for a industrial manipulator PUMAS560 in MATLAB platform, and the simulation results show the feasibility and

effectiveness of the proposed predictive control method.
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Fig. 2 Three-dimensional model of PUMAS560
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troller)

T B0 UE 2 RTII 4a A BB, B U A
T W ) R L) SRAE. B 5T 1 U KAEAE b ) 40 R,
PLOAN KT IR B 7 4R A HE AN I 500 N-mAE R
LI E&AE. RPUMAS60MIIZ SRS HAT I L, HKE T
T 7 vEFCTC I LMY BR . ) il 2636 4T T
PLAR. I R a3 —4.

1.5 T T 3 T T
B B, ]
= P RS = L
S 0.5 —r S 1 .
0.0 ' L L 0 1
0 1 2 3 0 1 2 3
t/s t/s
0f 0.4 T T
g & PR C—
\*—4 L .......... : 02 i
S 2F T S H
_ | 1 |
30 1 2 3 0'00 1 2 3
t/s t/s
1.0 1.0 T T
< e F
s 8 - eterr -
~ 057, T ~ 05 .': ]
& f ....... < ;
1 1 -'-: 1 1
0‘00 1 2 3 0’00 1 2 3
t/s t/s
—MPC ---Hishig CTC

&l 3 PUMAS60K T E
Fig. 3 Joint positions of PUMAS560



11 TR 7N B AU A R T I R G # 1469
500 500 -
) £
a 0 é ok e
- = )
500, 1 2 3 300, 1 2 3
t/s t/s
500 100
Z ol z
~ -~ O -
S o J
_ 1 -50 1
300 1 2 3 0 1 2 3
t/s t/s
100 200
5 g 100
& 0 Z
> > 0 J“
= [
100, 1 2 1005 1 2 3
t/s —MPC CTC t/s

Bl 4 Sl

Fig. 4 Joint torques

T 3ok % b PRI 45 1 7 vk 5 CTC 7 2 (1) 8 1 3%
] LA W, SR T 4% 61 75 25 45 2 IPUMA
5601112 3y i £& P PE A Fs e M AT LLCTC O A 2
4. fHE3AT 4, 7E0.6 s 5, Tl 4% H] FPUMAS60
CEUEFIMAS e T HAR AL TCTCT B4 i ith
RAFAEBRHIEI, 2 s JaA ReHERf e 4 B AniL
H.

H 47 LLE Y, R G il N\ S 4 0HE 1 Bk
43514169 N-m, 500 N-m, 493 N-m, 43 N-m, 61
N-mFI106 N-m. 24 T 56 4F M 56-iF 20 SR T2 545
FRIRR SR, 72 T THI 47 B SEI6 AR s 1R, R

1.5

1o

q,/rad
1
1
1

05+ 7

0.0
0

t/s

g,/ rad

t/s

SEO6AN I 1R I Bl 77 H 1 48 5 B 43 591 AN B ik 100
N-m, 500 N-m, 200 N-m, 20 N-m, 30 N-m#150N-m,
AT LAS 2 B S B O SE I 45 31

S AT S, B6r 15, PUMASG60R] LALE# 2 1148
AR5 R YA e Bk B A B, HisdE
Fa AR, FFE L TAE RS K. Xf AR
LR N R 45 R, ATLLE H MR G T IELR
TnBsJE, 29 3R TR0 42 il 2R G () 4% 1l B8 0 AH XSS,
18 PUMAS60 132 313 FE J 2%, 1a € 78 B Anfir &
(I TE) AR [ B S0 2% BH, T 42 1l 1) 5 VAR
AR E M T A IR AR, IR T CTC .

t/s

0.4

q,/rad

02 ;

0.0E

t/s



1470 B HE i 5N M B3
1.0 T T 1.0 T T
o -
8 S B R EEE————
~ 05 — Ny 0.5 _
R <
0.00 1 2 3 0‘00 1 2 3
t/s t/s
—MPC  ---HIFfLE CTC
Kl 5 PUMAS5605< T &
Fig. 5 Joint positions of PUMAS560
100 3 T T 500 T T
g obbm g
z z okl e,
~ -100 b ~
= [
~2005 1 2 3 00, 1 2 3
t/s t/s
200 20
) )
% a () —
3 2o
1 1 —20 1 1
1 2 3 0 1 2 3
t/s t/s
50 50
) )
é 0t fr— é 0 H e
W W ur
=% 1 2 =% 1 2 3
t/s t/s
—MPC - CTC

6 RITEHIIE

Fig. 6 Joint torques

4.2 B BR- I 35 1 45 # (Feedforward-feedback
control structure)
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Table 1 The contrast table of the disturbance
rejection ability between feedforward-
feedback control system and MPC
BN /Hz
1.7 0.85

v 22 B/ rad

T AT 020 0.07 0.008
KIWIAMETH: 029 021 0.07
KT NRTs 0.18 0.04 0.003
FKAAIE 025 015 0.05
I3RS 0.17 0.025 0.002
KI3IARIRTH: 030 013 0.04
AT AT 005 0.02 0.003
KWARIETH: 020 0.06  0.01
TS INETS 0.01 0.003 0.001
KSR 0.04 001 0.003
KT 6T 0.07 0.025 0.003
KWOARMEIH: 026 0.07  0.02
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5 45 (Conclusions)
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RN B FIOU  1 J . TE Bvt BRER A R A 2
AR ST WS BEATIZ B2, AU mT
DAPR A EAE HARLE. i T SE AU it 3 )
Pz, R T — T4 & R B g, B
FEFUA L L I ARSI AMES, IX ML Eh )
BUR. 55, TEPUMAS60 L5 T 5 il 1K) 7 64T
T &, IF HECTCIr v B Bk m B #E4T 1 X B,
ISR AT LS WA B RER TS s T
PRI ERRIR T T CTCIT .
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