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Kinematics Analysis and Trajectory Planning of Manipulator Based on MATLAB

MA Yan-yan, ZENG Tai-ying, JIANG Hai-lin

(University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: The work aims to study the kinematics and trajectory planning of packaging manipulator to achieve smooth
operation and accurate control. With 6-DOF packaging manipulator model as research object, the coordinate system was
established by the modified D-H parameter method, and the kinematics equation was deduced. Based on MATLAB, the
manipulator model was built and direct and inverse kinematics simulation was carried out to verify the correctness of the
model. Secondly, a quintic polynomial interpolation algorithm was used to plan the trajectory of joint space. In the end,
the trajectory planning and simulation was carried out for the fixed-point grabbing and carrying tasks of the products to be
packed in the packaging operation. The model of the manipulator was correct, and the trajectory optimization effect of the
quintic polynomial interpolation method was good, which could ensure smooth and continuous angle, velocity and acce-
leration curves of each joint. The joint parameters in grabbing tasks were calculated and the trajectory curve of the
end-effector was obtained. The manipulator can complete grabbing and carrying tasks with expected precision, which lays
a foundation for further research on the motion control and practical application of the manipulator.

KEY WORDS: 6-DOF manipulator; packaging machinery; trajectory planning; polynomial interpolation method

TEHATI P, RIS G T AL SREER, AR RCRAR ., B AR SRR C 2R ORI 2
B ERFRE L, RARHUBOKF B S TR ANTH G AR AR S R 2, Il HUBE LU
FAD R MGG T TR 72530 A @A LRSI A e Rl PR 8 7oz

Wim B EA: 2022-03-13
EERN: B3 (1977—), &, W, 3#I%, T 2R T AL T EIBEAFLK,



- 188 - f1 %% T 72

2023 42 A

FRISEFH o Fh TR 5 T o AR K 2R i R AT AR
R T, DR HIUBRRT (1 2SR o ke g ),

T R UROE Y12 SRS B2 AR E P, X
(R TR Ao B USSR AP U & N DL E R RS
Z—, EWIMRZ 2 E X — U AT TS A
B EGEOILTARME D-H EA 5 U T 47 T
B BTG LR, S5 R BIE 1 Fh s
FEIEA AT AT, O FL B ARAT A B T LR T 31 52 Bral
WO R aE S o, SCBERR . ATEERE AT, AN
A UVIE T 22 003 (0 WL 260 328 0 ) D 12 47
TWE5E, SRRV A A B T HURUE Y P L
%5k . Parikh FILUH 1 i BEALER A BB 5 T A
MR Z IR 2 A YL AR E Pk 5
%, AT X R ST R e, RO 32 AL
BAR SN o Guo S5V 1 Ty v o ARAS de AL 0 R K
MR RS H AT, R/ T—F A RS 3h 1AL
BUE R AR . SO RIS Al BEALRUE b B 580
g, Mk 9 D-H 28058 S U iz hi iy
Ji MATLAB 5 g HUBE {5 BURBE R T AT 1R 39002 3l 2
Iy AT, E e 22 IR A 1 R AT 5 Y s A B AL
R, IR PR TR AT U5 Bk, DU O ik —
AR FTHUBE iz 3l iR o 5 1 A S B AE 403 A 34k
HH ) 7 P B A

1 BEVWEEHNESN

1.1 #HE D-H&EE

SCH AL SS B AL B P i AR S, 1AL
W 2 R T RE UL, DL 1. ARAR R {0} St
MFRER , Ho AR BR R {OVFIABAR R {1V EE A, AR A {3}
AR R (4 A, B2, B S Al o AHESEAT, Bl
Al 3 MHEAPAT . PRI, o] A T R
%EZ&H[]O]O

Z e M) D-H JrikA EE T @A AN
P a5, SO TE S T A 22 R @08 5 1 0 A G ¢
ZAER AT ey D-H ik @ kbR R . S5 D-H
JrRAIEE, 2t D-H Jr ik Aebn R AT E, B ekidt iy D-H
D5 BRI i1 BEF i BRI A E e R,
MM D-H ik, e 7S B i AU Yot D-H
S48, WAR 1,

i D-H 7k, AT i1 B ahsOE e 2
AT i ] AR SERE T ROk, N T RE M,
c fl s R TZ B IE 5% %, HER WA (1):

T =R )T (%a, )T (2,d)R(2,6,) =

co —s6, 0 a_,
sbca, |, cbca, , -ca, -Osa, (D
sbsa;, |, clsa,, co, dca,,

0 0 0 1

AYs

Lo—P,

A zy(z)

0,(0,) 3’30’4)

d,
AZ1(20) V2
< 4
1 >
0,(0) xrl(xo) % Z
1(Co.
T

K1 e MU iz s

Fig.1 Kinematic model of packaging manipulator
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Tab.1 Modified D-H parameter for 6-DOF manipulator
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Fig.3 Displacement diagram of end-effector
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Fig.4 Position curve of each joint
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Fig.7 Motion trajectory of end-effector
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