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The trajectory planning of redundant manipulator with gantry by
using model predictive control

WANG Nai-gian, LI De-weif, XI Yu-geng
(Department of Automation, Shanghai Jiao Tong University,
Key Laboratory of System Control and Information Processing, Ministry of Education of China, Shanghai 200240, China)

Abstract: To solve the motion control problem of large-scale complex manipulators which are commonly used in in-
dustry recently, this paper focuses on manipulator system composed of a gantry and small-sized manipulators. Firstly the
calculation formula for beam deflection under two independent concentrated loads is deduced by analyzing material me-
chanics. Then an accurate kinematics model of manipulator system is presented. On this basis, the model is simplified to be
linear and low-order, for following algorithm design. For the multi-input multi-output (MIMO) high dimensional redundant
model with joint constraints, an algorithm based on model predictive control (MPC) is proposed for trajectory planning. All
of the joints are classified into different movement priorities according to their motion range and positioning accuracy. The
redundancy problem can be solved by setting different weights for control variable of each joint in optimization problem.
Meanwhile, rolling optimization style of MPC scheme makes it possible to online continuously make trajectory planning
with updated information. The simulation results illustrate effectiveness of the algorithm proposed in this paper. In addition,

for various setting points, different weighting selections are considered by analyzing joints’ motion characteristics.

Key words: manipulators; redundancy; trajectory planning; model predictive control; flexible beam

1 5|5 (Introduction)
FELE 7S 1 R RS R B N TR HLEs N, BT
AR TS ST AR 5 A, SE R [ 4]
TR IUATS5. AEge, T AS 6] P b A =0 o i
45 A B AR =B S N2 Ak, ST AL E
fahfe T kB in=E w4k Ristk. BEE DAk A shik
WA E A 2016—01—11; 53¢ H : 2016—05-26.

T3{5/E% . E-mail: dwli@sjtu.edu.cn; Tel.: +86 13917551024.
KRICTHEGZE: FRUL.

I B LA A b1 B e, K (AT
iR cPSipNIty ARE SR Il L SRR S TREL IR Y
TR NABTIAE. FCE5H B ST SO B ) |1 28R,
LUE R 5 ] (R A 22 1), 58 B i 2 i | st
VR VI R R NSRS, [N T IE Y
SRR ), a3l 40800 B o B LA AL IR

K EHRBIEFL AT H (61374110, 61521063, 61590924, 61573239), [E K i BRI o7 & 7181 “863” 11K I H (2015AA043102), L1l H

IRBL2ERLA TN H (15ZR 1418600) W B

Supported by National Natural Science Foundation of China (61374110, 61521063, 61590924, 61573239), National High-tech R&D Program (“863”
Program) (2015AA043102) and Shanghai Natural Science Foundation (15ZR1418600).



990 ok oE e s N A

33 3%

E RER AT AL R RS S RIS B E R oK. A
SRR TV N B v, — 5 T A5 SRS IR () B E
PSR s R, 53— T XOANAS BRI LA B ik 22 LA i
PEIERE. Ik, K2 AL R, AR 2 At Eat o
TN A B, B A e L.t H A e
JIVA14005 T 74 TV AU 1| b5t s R K2
5T w1 FBUAA-RR-E H H EEHUBE B4, LA
B, A A A 22 56 T U A U BUZs BRI Fro 4 st 4
PAFSE. BT IUARERBAR, —FhIEA R B2t e
H RS B R RIZ B2 i ST AT E
SRR P B DB R T U R U 10012 3h 2 SR A )
2TV, B B AR IR T A C— AR A
T 38700 A A R A 2o iR S AREOEARTE:
e e Seyy Sy AN N INE 2 (G IR A =)
BERURRE FR7E RIS PER U4 B 2 T 2, FE AR
AR L Hb il A2 45 2R AT A (1) [ BhAG T SR AE Tk A,
FHTAEG AR A BB TIALES N, 72T Rl A 5 )
PR 22 R R LR 0 T HE R UL N A4 1
RIGTRON T IR TGS, e 48 el
PR ARG AL A R A E B R B2 E AR
[IBH-1. BH-4% =8 JL A R IS FOVE, Ay
el 148 o B A A S e B M B T IR TR,
ANHBE I I T O A BB SIS
B R A AR, IS A RS At R
(R AR SRR LAY, e B RIS PE R I,
TF T i8I . BERHX M R Geat T4,
SBAE T AT LEAE T AR IR 13 P Ll it e 19 o 2
TUA ) L. M UBRE F 45 # 52 2 i, Bef ok LA i
I 7715, AR MRS BUMRAT AR T AE i 38 n £ R 4
PER T SRAGHE S AR 28 R Ao A 1oL R
p 388 0 (RO 24 TR S R T LA B R AR,
W I T2 J T () A A AR T MUB S P o 45
IS R R I T e B R T T
A% 1) FR B AR 7 YR30 T AR 52 Bk Tk A ik
FErp, BB AN e LSRR, — IR
8 F KA A S0 A A L R P B A R s
WA & (AT 2. 2 AT BIE R4 A R
V2 R AT v, BARAT T K, BT
SRICYE SE A AR AR A 25 M. ToUs vk A
AT O R . AT BRI SR iR S
AR — R AL IO s, TT LA FH B L3S A e
TR DR Eh oA K1) 5 B S S AR, 4] ) s R
Kol S SR AR, A — AN SR i . AR S
SELMRL AN, FA RGN FPRA T IR HE,
PLSE RO SR 2R LY R G AR T AR, 7E40 0T T LA
 BENLBIE 5RO 3EmE b, agh T A ST AR
EEREE. BT CAH U B T2 R ) = B
FORIE T2 B2 . R A St — P T T 47

I SEVE 7 28, 15 B o0l 42 i iR sh A AR,
S IR S RGBS ISR SR B AR, Kok
M RA S FELALIH P S g N LR 4, B ik il
R SRABSRAT S I 2 DGR Z, e T I8 3h 2 #10 fiR
SRR R 2RI AN 2 V. BEREMR U 1 HH BE 4% )
o AE AR P SR 2 s A

2 i) 2R AL E 45 R A H(Structure of

gantry manipulator)

Jel 1A S M AR AE /S H H FE A U
SEAEJE T BB AR b ) 28 4 ST WL A AT
Jas iy ETR3ANTT IS IR B, TAA U 6
DTN TR AR TAE. fE R G, K125 MUK
B SEILEMRIZ BB BN U DL B U &R
8. MR EE M LA RN Z P AL E . 280 RS T
PEEATERAE, IF HARUENURRE B VKB T A B 07 AT
BT ) SERAH Y. TAE. — M Tl AE = A 1 285K
BUBRE R Ge I, 25 70454 242 18] 9 4l W0 45 AT 50,
Jel VBT T R 3, B2 EAT 23 v 7K 1A
AR EL T R B B TS, WAL 3 0TS, £E
B ST AR g I AN VIR, AT RS UHER)
ERAE. WA BT TN U OGS gk ¥ 1 s,

1 el A0 R gnE K

Fig. 1 The structure of manipulator system with gantry
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Fig. 2 The structure of 9—DOF manipulator system
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3 JLB HEVME 28 (Model establishment
of 9-DOF manipulator)
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Fig. 3 Simply supported beam under single concentrated load
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Fig. 4 Simply supported beam under two independent concen-
trated loads
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3.2 B3R (Kinematics model) (5)
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Table 2 Modified D-H parameter of 9-DOF manipula-
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Fig. 6 Control system for redundant manipulator
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Gmax=[9 5 5 2.62 1.22 1.05 3.14 2.18 6.28]",
uin=—0 0 0 2.62 0.78 1.22 3.14 2.18 6.28]T.

(24)
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ST DL BRI 55, B it s i/ AR e
B3 A AH N R R B K. A8 DT R AR R i A2 AR
I, 1B ()R (e) R I AL T AR Bt A AR T AR
Ak, FEHUME R R L e i 5, TEIb)FId)
P 7s I G Bl B i 269 2%, JLRE 152 110z ),
Rk BRaE. AN, WEITH 7 BT &R 1T 3)
KATISBHE M, v CUE e 1345238 T Bl
KIB B3 FE R 2 A Rl

52 RAPL S IMBUE /NG W NE G Tis
).

i BB AR GRS S B AR E T SN, B
B RS B AR, R AT 207 B A T RN IR
(IR, PR R - G L RAE . A T HE— 24k
AR 1B B S e 22 5, #56 Rk BELCH bt
EIIZAE, g/ S 2 S 2 M 220, 4

Yo =12 1.8 4.5 0 0 0]". (25)
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Fig. 8 Motion curves of end-effector’s small range moving
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Fig. 9 Motion curves with same movement priority

6 4518 (Conclusions)
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