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Kinematics Modeling and Simulation of Six Degrees of Freedom Manipulator
Based on P-rob

ZHANG Chang, WU Yu-qiang

(School of Engineering, Qufu Normal University, Rizhao 276800, China)

ABSTRACT: The work aims to carry out the kinematics model construction and trajectory simulation of the
six-degree-of-freedom manipulator based on PersonalRobotics, so as to realize the research of the late manipulator control
algorithm and verify the correctness of the kinematics model construction. The kinematics model was established by the
standard D-H method, and the forward and inverse kinematic equations of the manipulator were solved. According to the
structural characteristics of the manipulator, the analytical method of the traditional inverse kinematics solution was im-
proved. The accuracy of the kinematics model was verified by the simulation software Matlab. The improved inverse
kinematics algorithm reduced the complexity of the traditional algorithm. The simulation software Matlab was used to
verify the accuracy of the kinematic model, and the improved inverse kinematics solution method was verified by Matlab.
The improved inverse kinematics solution speed was half of the traditional inverse kinematics solution speed. According
to the kinematics study of the six-degree-of-freedom manipulator, the study has certain reference value for the motion

control of the actual manipulator. The simulation data are tested on the actual P-Rob arm, and the accuracy of the kine-
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matic model is verified again. The simulation data can be applied to the actual robot arm control. The experimental phe-
nomenon shows that the method of solving the inverse solution by the improved analytical method for the mechanical arm
of this mechanical structure is simple, the error is small, and the feasibility is strong.

KEY WORDS: six degrees of freedom; mechanical arm; D-H; kinematics model; Matlab simulation; trajectory planning
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Fig.2 Coordinate diagram of mechanical arm
1 D-H
Tab.1 D-H parameters of mechanical arm
® ai-1/(°) li-1/mm di /mm 0: 1(°) /(®)
1 0 0 di o0 -170 170
2 90 0 0 62 ~110 110
3 0 b 0 03 —-115 115
4 90 0 da 64 -170 170
5 -90 0 0 0s -115 115
6 90 0 ds 06 -170 170
X || Dopg i BB AR T;—I,i =4 =
- > =, » AV
HWA ‘L EIES VRS cos, _sin6), 0 I,
s | [shsa W sin@. cose,_; cosb cosa,, —sina,_; -d sina,
Bt et || e sing,;sine, ; cosé sing, , cosa,, d; cosa,
3 0 0 0 1
Fig.3 Kinematics mathematical model 3)
10 0 0 ! =3
0 cosa,, —sing,_, 0 ~
Rot(X,a,,)= 0 sina,, cosa,, O ’ cosg —sing 0 0 cosf, —sing, 0 0
0 0 0 1 4= sing, cosf, 0 0 | o 0 -10
1001 1o 0 1d17 > |sing, cosHZOO’
010 0 0 0 01 0 0 01
Trans(l_,,0,0)= 0010 [cos@, —sin@, 0 1, cos@, —sind, 0 0
000 0O sing, cosé, 0 0 0 0 -1-d,
@ AT 0 0 10 [ M sing coso ’
100 0 sind, cosd, 0 O
010 0 | 0 0 01 0 0 01
Trans (0,0,d,) = 001 d /| [ cos6, —sinf, 0 0 cos, —sinf, 0 0
00 01 A= 0 0 10 10 0 -1 —d;
cosd. —sind 0 0 > | =sin6, —cosf; 0 0 CeT sing, cos¢g 0 O
Rt(ZH) sing, cosd 0 0 L0 0 01 0 0 0 1
ot(Z,6,)=
0 0 10 )

0 0 10



41 11 P-Rob

169-

n/\‘ OX aX px
n,o, a i R, . P,
7;0=A1A2A3A4A5A6= y Oy 4y D, — 3x3 £ 3x1 (5)
nZ OZ aZ pZ 0 1
0001
R3x3 P3X1

n, =S (6451 T35, ) ~C ((316‘23.95 T G588 T GC53C4Cs )
n, =-—=cs (S152355 HC1C58, —Cp3C4Cs8) ) — S (Clc4 + S1S23S4)
N, = Cp3CeSs T C4CsCeSy; — 8235456

0, = 55 (€100 85 = €315, = €1C33C4C 5 ) FC4CeS) — €108y
0, =56 (5152385 +€1C58, = CnC4C58, ) — €1C4C4 — CpnCeSy S,
0, = —Cy38585 = CyCs8386 — C6S2354

A, = CCsSy; + 55,85 +C,C3CyCs

A, = CpCyS)S5 = CyS,S5 +C58,S53

A, = CySy385 = Cp3Cs

P, =dy¢5,; + 1o

P, =dy5,5y; + 1,055,

p. =—d,c;3 +1s, +d,

(6)
3 MHWEFERIENFES
[7]
P-Rob2 3
Pieper
[9]
[10—13] [14—17]
Pieper
4 5 6
3
3.1 BI3ANXTAKER
D, id401523 +heq )
b, = d,s,8y; +1,0,8,
6, = arctan [ﬂJ (8)
P

Px Py

2

+ (Pz —d, )2 = (d4523 +1he, )2 + (_d4023 +1,s, )2 )

S
8, =
2d,1,
¢, = +yJ1-s2 (10)
0, = arctan (Sij
G
Px Py
b.—p, :(d4cl_d4sl)S23 (1)
2 de —d,s,
Oy = 1= 53, (12)
0,, = arctan [Sﬁj
Cy
‘92 =Hz3_93 (13)
3.2 BI3NXTRAMKE
4 5 6
A4 AT
016,05 040504
A A AT =A, A A (14)
LG,j)  TG)) 14
i j L(2,1)=T(2,1) L(2,2)=
7(2,2) O
N,Cy3 =N C1Sy3 =N 818y = CSs
0.Cp3 = 0,018y = 0,883 = =865 (15)
15
—0.Cy3 +0,C1S5; 0,55y
Se =
Ss
N.Cpy —C NS, — NS,
c = 2C3 TSy T NL8S); (16)
Ss
9, = arctan —0.Cy3 +0,C,85; + 0,85
N.Cy3 =N C1Sy3 = N8 Sy
0s L(2,3)=T(2,3) L(2,2)=T(2,2)
0.Cy3 —C10,5p; = 0,553
-5, =
S
—Cs = A Cy3 —A,C 5y —d S8 (17)

0.Cy3 =C10,853 = 0,55y

0, =arctan

S6 (aZCZ3 —a,68y _aySIS23)



2020 6

p.| [485.1
p=|p, |=|2856
p.| |3624

- 170-
0+ L(3,3)=7(3.,3)
a.s, —a,c =s,S; (18) mm
as—aq [30° 60° 90° 45° —90° 0] 5
5, =——
S5
R (19) N C:i
zZ 0.702
6, = arctan [S—“J R: 90.065
Cy P: 134.954
Y- -179.954
7—19
st o [[ o=
92 o =
a3 o g
a4 o [ o=
8 8 i
6 E
360°
5
Fig.5 End position simulation
4 EBEIHFRBNHEIRIE
6 5
P-Rob D, -197.7
p=|p, |=| 3102
p. 752.2
Matlab 3D
4.1 EREIEHFEEMNEIE
1 Matlab Robotics Toolbox
link
6 [000000] 4
4.2 FEIEHFEBRKIE
. 0485 6
yv.  0.185
z 0.362
R: -90.000 Matlab ikine .m
P: -0.046
Y: 90.046
a; g [ s g
Emmier | 8 8
o -
9 o e |
X
4 [30° 60° 90° 45° —90° 0]
Fig.4 Initial position simulation
6 0 -0.0008 —0.7065 -0.7077 —-0.1977
o_ | —1.0000 0.0006 0.0006 0.3102 (20)
pe| |48 °71-0.0001 0.7077 —0.7065 0.7022
p=|p,|=|2% 0 0 0 1.0000
p. 362 ] ’
fkine 0 5 8




41 11 P-Rob - 171-

2 8
Tab.2 8 sets of inverse solutions of mechanical arm
1 2 3 4 5 6
1 0.5236 1.0472 1.5708 2.3562 1.5708 —3.1416
2 0.5236 1.0472 1.5708 —0.7854 —1.5708 0.0000
3 0.5236 —1.6408 1.9778 0.9930 1.0049 —0.6882
4 0.5236 —1.6408 1.9778 —2.1486 —1.0049 2.4534
5 -2.6180 1.4106 1.3992 —0.9903 2.1338 2.4586
6 -2.6180 1.4106 1.3992 2.1513 —2.1338 —0.6830
7 -2.6180 —1.7433 2.1494 —2.3527 1.4878 —0.0833
8 -2.6180 —1.7433 2.1494 0.7889 —1.4878 3.0583
3 5 Matlab
Tab.3 Pose error analysis of inverse solution
Ax Ay Az Ap 2s
1 —-0.054 —0.0688 -0.0673 0.1105
2 0.1405 —-0.0799 —-0.2519 0.2993 6—9
3 0.4898 0.5269 -0.0799  0.7238 P-Rob 10
4 0.5856 —0.5135 —-0.0733 0.7823 7
5 0.3581 —0.2220 —0.7329 0.8454 8
6 0.3840 —0.1922 —0.5347 0.6858 9
7 0.4667 —0.2366 —0.5009 0.7244
8 0.4584 —-0.2202 —0.4306 0.6663
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Fig.6 Space motion curve of the end of the mechanical arm
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