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Kinematics simulation and srealization
of manipulator gripping items based on
genetic algorithm

XIANG YAO?, Ao JIANG?, CHANGQING Su®, HAOWU
ZHAO?, MING CHENG®

Abstract. In the ever-changing science and technology today, the robot in the manufacturing
industry is widely used. How to accurately control the robot, the efficient grasp of the target object
is particularly important. In this paper, the physical model of six-degree-of-freedom manipulator
under DH coordinates is established to simplify the target problem, establish the inverse kinematic
equation of the manipulator, and use the genetic algorithm to apply the combined problem. Under
the condition of known target coordinate, and the reciprocal motion equation is used to find the
corner of each arm, and the result is verified by the positive kinematics equation. It can be seen
from the simulation results that the joint angle obtained by the genetic algorithm is consistent with
the kinematics equation of the Robotics toolbox. It is proved that the control of the manipulated
object is effective and feasible by the genetic algorithm. High.
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1. Introduction

At present, many applications in industry and agriculture, you can see the robot
on the use of the arm, the need to operate the object to accurately detect and
automatically sort the problem of crawling. Such as in agriculture, the face of
the whole farm of fruit crops, how to automatically carry out individual testing,
crawling and quality classification;in terms of logistics, with tens of thousands of
express letters, how to carry out rapid detection and sorting;in the field of fire,how
to timely identify of fire and rapid fire fighting and so on.

This paper mainly studies how to improve the accuracy of manipulator grasping
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objects. How to make the manipulator reach the target accurately and efficiently
under the condition of the known target position, and how to reduce the computa-
tional error, optimize the attitude of the robot arm and work efficiency and quality
of work. Firstly, the inverse kinematics equation model based on D-H coordinate
system is established, and then the genetic algorithm is used to solve the model.
Finally, the results are simulated by Matlab.

2. Theory

2.1. The principle and calculation of D-H coordinate
method

2.1.1. The establishment of joint coordinate system The D-H coordinate method
has a series of parameters and methods of determination .The first is the establish-
ment of each joint coordinate system:

Fig. 1. The coordinates of each joint of the manipulator

1.Nomenclature of joints: the first joint from the base is named n, the next named
n+1, and so on, to name the back of the joint;

2.7 axis: The mechanical arm is a rotating joint, there is no moving joint, then
the direction of the Z axis can be determined by the right hand rule, as its rotation
direction;

X axis: When parallelling to the adjacent Z axis, take a common vertical line
which is collinear with the vertical line of the front joint; if the two Z axis intersects
,the X axis is determined by the two Z axis, and the direction is their cross product
direction;

Y axis: The cross product direction of X axis and Z axis;

3. Joint parameter determination: the change of coordinate system between
joints is represented by specific parameters, including four parameters .The param-
eters are determined by the individual coordinate systems, making it easy to use
mathematical methods to calculate the movement of the manipulator.



KINEMATICS SIMULATION AND SREALIZATION 219

2.1.2. Transformation of joint coordinate system Through the above steps, a
reference coordinate system is transformed into the next reference coordinate system:

Henn

————
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Fig. 2. Transformation of coordinate system

1. Rotate the first coordinate system around its Z axis;

2. Translate the first coordinate system along the Z axis, making the two X-axis
collinear; moving distance dn + 1;

3. Translate along the X axis of the first coordinate system so that its origin
position is the same as the position of the second coordinate system. The moving
distance is an +1;

4.Finally, rotate the first coordinate system around its X axis so that the Z axes
of the two coordinate system coincide with each other, so that the two coordinate
systems coincide exactly;

2.1.8. Kinematics equation calculation process Determine the relevant parame-
ters, you can use mathematical methods, the establishment of kinematic equations,
the movement of the arm to solve the situation.

The joint matrix for each joint is established as follows:

R=1 (1)
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The A matrix of each joint is as follows:

Ci 0 S 0
st 0 —Cp 0
A=109 1 0 o @)
0 0 0 1
_CQ —SQ 0 CQ&Q
o 82 C2 0 SQ&Q
A=109 0 1 o 3)
0o 0 0 1 |
Cg *Sg 0 0333
o Sg Cg 0 Sga3
A=109 o 1 o0 )
Lo o o0 1 |

Cs 0 S5 0
1S5 0 —Cs5 0
A5 = 01 0 0 (6)
0 0 0 1]
[ C¢ =S¢ 0 0]
1S Cs 0 0
=10 0 1 0 (7)
0 0 0 1|

Establish a total transformation from the base to the end of the hand, from the
base, from the first joint to the second joint, and then to the third joint, to the end

of the arm
RTH = BT1'T2°T3...." ' Tn = A1A243.....An (8)

So the total change of the Manipulator is

RTH = A1A2A3A4A5A6
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C1(C234C5Cs — S23456)  C1(—C234C5Cs — S234C6)  C1(C23455) C1(Cazsas+
—-5155C% +.51.55S6 +51.55 Casas + Cgaz)
51(C234C5C6 — S23456)  S1(—C234C5C — S234Cs)  S1(C23455) S1(Cazsas+
+C15556 —C15556 +C1Cs Chsaz + Chas)
S5234C5C —5234C5C6 + Ca34C6 523455 Sazaay + Sazaz + Saaso
0 0 0 1

(9)

The inverse kinematics of the manipulator is solved as followS:r 77— 414243444546

Ny Ox ax Px

R _ | by Oy ay Dy
TH=1\ 0, o0, a D (10)
0O 0 O 1

Followed by Afl left by the above two matrices,can get

nXCl—i—nySl OX01+Oysl aXCl—i—aySl pXC1—|-pyS1

IlZ OZ a‘Z pZ
nX81+nyC1 oxsl+oy01 axlerayCl px81+pyC1
0 0 0 1
C234C5C6—523456 —C234C5C6—5234C¢ C23455 Ca34a4+Co3a3+Caas
S1 (02340506*823486) S1 (*02340506*323406) 31(023485) Sa34a4+S23a3+S2a9
—S5Csq S5S6 Cs 0
0 0 0 1

(11)
According to the third row of the fourth column of the corresponding elements
can be obtained:

01 = arctan (py) (12)
Pz
According to 1,4 elements and 2,4 elements available
P2C1 + pyS1 = Cazaay + Crzaz + Caag (13)
D= = S234a4 + S23a3 + S2a2 (14)

Add the squares of the two equations above and add and use the difference product
formula

59593 + CoC34 = cos 3 (15)
So:
(pxC14+pyS1—Casaa4) A2+ (p,—S23484) A2—ay?—as?

C =
3 2&2&3

(16)
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According to the known,S;=1/1—C,?
And so on, followed by the equation at both ends of the left by A1l to A4 of the
inverse, get

Cos4(Cinye+ Ca34(Crox+ Ca34(Crax+ Ca34 (C1px+S1py) +S234D,
Siny)+Sazan,  S10y)+S2340,  Siay)+Sazsag —Ca4a9+Cyaz—ay)
Clnyfslnx Cloyfslox Clay—Slax 0
—S234(Cing+  —S234(Crox+ —S234(Crax+ —S234 (C1px+S1py) +Cao34p,
Sing)+Cogsn,  Sjoy)+Casz40,  Siay)+Cosga,  +Szsan+Siaz
0 0 0 1

CsCs —Cs5¢ S5 0
| S50 —Ss8¢ —Cs 0
= S Cs 0 0 (17)

0 0 0 1

After the robot arm is modeled by the D-H coordinate method, Determine the
joint parameters, use the parameters to calculate the transfer matrix, and through
the inverse kinematics equation to calculate the robot arm to grab the target object
when the joint angle value combination.Based on this calculation, we can verify the
accuracy of the corner combination proposed by the genetic algorithm.

2.2. Principle and Characteristics of Genetic Algorithm
3. Robot Modeling and Algorithm Implementation

In the D-H coordinate system, the mechanical arm model can simplify the prob-
lem and simulate under the Matlab environment. The manipulator can be rotated
by using the Robotics toolbox. The concrete steps are as follows:

As shown in Figure 3.1, we place the manipulator in the following coordinate
system. The target object is considered as a particle P (x0, YO0, Z0), the robot
arm base is always around the Z axis, from the direction of positive x axis rotation,
three-dimensional space can be used to study the joint rotation of the robot arm,And
the arm of the arm can be measured, here according to the actual situation of the
corresponding input length.

3.1. The Flowchart of Genetic Algorithm in Trajectory
Planning

Genetic algorithm has the advantages of high adaptability to manipulator tra-
jectory planning, parallel computing and searching for optimal solution, and its
operation process is as follows:

3.1.1. Chromosome coding The coding method of the legacy algorithm deter-
mines the efficiency of the algorithm.Often use a fixed length of the binary symbol,
can be expressed in the group of individuals, the chromosome allele, respectively,
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Fig. 3. Genetic algorithm principle

by 0 and 1, a number of points are expressed as 0 and 1 composed of digital string.
Individual chromosomes in the initial population can be expressed as random values,
but they require uniform distribution of genes within the population.

3.1.2. Initial population setting The initial population can be created by the
method of generating random numbers, the initial population size should be appro-
priate, too small will affect the diversity of the population, too much will lead to too
slow operation speed.

The following figure shows the initial population setting of the joint 1:

Other joints also set the initial population in turn.

Individual fitness assesses the fitness of individuals within a population and de-
termines the probability that they can inherit genetic information into the next
generation in this generation. The higher the fitness, the greater the probability
that the gene will be transmitted. To determine the probability of each individual
in the current population to be inherited to the next generation.

Each of the steering gear rotation range parameters, we thus establish the fol-
lowing coordinate error squared sum minimum path model:

minW = |zg — l; — la X cos (02) — I3 x cos( Oz + 03) — l4 ¥ 005(92+03+94)|2 ,
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Fig. 7. Joint 1 initial population setting

As long as the w reaches the minimum, the actual arrival of the robot arm to the
coordinates of the coordinates and the minimum target error, the corresponding
set of corner values that meet our requirements.zq, 39, 20 can be input by computer
simulation. The smaller the value of W is, the difference between the actual arrival
position and the target coordinate of the end of the manipulator is the smallest, and
the corresponding corner value satisfies the best result.

4. Result
4.1. Variation of fitness

Using Matlab software, input instructions in the program, draw the genetic al-
gorithm evolution process of each generation fitness average and the best value

Output graphics as:

As can be seen from the diagram, in the early days of evolution, the mean of the
population fitness is very different from the optimum. After several generations of
evolution, the curve converges quickly and is close to the optimum.

In the 50th generation to the 100th generation, the fitness mean curve shows
some fluctuation, which is reflected in the evolutionary process of variation, can
expand the search range, to prevent into the local optimal solution.

After the evolution of 200 generations, the fitness average is almost coincident
with the optimal value, we can see that through the genetic algorithm, the required
angle combination tends to the optimal solution.
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Fig. 8. Adaptive change chart

4.2. Calculation of arm angle calculation

Through the Matlab software Robotics toolbox to draw the manipulator rotation
static map, followed by input arm data.

In the D-H coordinate, the parameters of the manipulator are set out as shown
in the table:

|5 1 theta | d | a | alpha | offzet |

[l &) all 10. 1] ol 1571 0]
I | 22| 0] 12.3] ol 0l
| 3l a3 0] 13. 8] 0l al
| 4] adl 0] 0l ~1.571] 0l
|

5] a5 15.5] al ol 0l

Fig. 9. Parameter setting in D-H coordinates

The following figure shows the results of the calculated results of the Matlab
command line window.

4.3. Motion trajectory simulation results

When the set target coordinates are (20, 25, and 30), the resulting robot arm
diagram is as follows:

Simulation results get a three-dimensional static map, you can switch the viewing
angle to view the attitude of the arm. The graph (a) is an observation of the overall
view of the robot arm. D (b), (c¢) and (d) are the main view, left and top view
of the robot arm, respectively. From the simulation results of the static rotation
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Fig. 11. Manipulator simulation

diagram of the manipulator, it can be seen that the position of the mechanical claw
is in accordance with the position of the target particle under the three-dimensional
coordinate, and the corner error of the genetic algorithm is smaller.

By changing the target coordinates to verify, the results are as follows:

|

——&®Ani
——sREN

(@)

Fig. 12. Change the simulation results of the target
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When the above figure is the target coordinate (30,25,20), the fitness curve and
the robot simulation chart show that the simulation result is in accordance with the
expectation and the error is small.

The setting parameters of genetic algorithm have a great impact on the search,
the comparison of this simulation through multiple sets of parameters, the popula-
tion was 95, the crossover probability is 0.6, the mutation probability is 0.01, set
the parameters for the 300 generation of the termination of the evolution algebra,

simulation can achieve good results.
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Xy0_ test
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0.000 -3.1 -0.00 0.00 0.00 -0.00 -0.00 0.00 -0.00 0.00
514 E-05 197 2588 5274 165 389 3089 112 0598
-0.00 0.0 -0.00 0.00 -0.00 0.00 0.00 -0.00 0.00 -0.00
203 078 052 3203 343 2921 2769 879 8126 932
-0.00 -0.00 0.00 0.03 -0.00 0.00 -0.00 -0.01 0.00 -0.01
11 022 7058 0161 079 2745 081 762 4749 561
0.000 0.000 0.000 -0.00 -0.01 -6.8 -0.00 0.000 0.009 0.007
367 936 93 282 181 E-05 108 257 592 829
-0.00 0.00 -0.00 0.00 0.00 -0.01 0.01 0.00 -0.00 -0.00
017 6805 451 2332 0877 526 568 2459 124 604
0.000 -0.00 0.00 0.00 -0.00 -0.00 -0.01 0.006 - -
65 098 1439 2258 446 625 33 757 0.003 0.03105)
16

-0.00 0.00 -0.00 -0.00 0.027 -0.00 0.00 0.01 0.007 -
21 1559 129 519 004 351 3177 3923 041 0.01727|
-0.00 -0.01 -0.00 -0.00 0.007 -0.00 0.00 -0.00 0.000 0.00
941 995 475 464 121 041 4687 504 663 3586
0.009 0.00 -0.00 0.01 -0.00 -0.00 -0.00 -0.00 -0.01 -0.0
442 0585 363 502 362 404 24 086 566 323
0.01 0.01 -0.00 0.014 -0.02 -0.00 7.7E- | -0.01 -0.00 -0.03
191 1913 847 405 462 884 07 301 947 35

P z0



KINEMATICS SIMULATION AND SREALIZATION 233

-0.00 2.81 4.23 -0.00 0.00 0.00 0.00 -0.00 0.000 -0.00
105 E-05 E-05 13 3243 3161 7184 595 37 097
0.001 -0.00 0.00 -0.00 -0.00 -0.00 -0.00 0.00 -0.00 0.00
697 34 0769 133 137 296 076 3197 242 8824
0.001 4.73 -0.00 -0.01 0.00 -0.00 0.00 0.014 -0.00 0.014
237 E-05 615 38 0269 355 0268 091 535 459
-0.00 0.000 -0.00 0.00 0.006 9.39 0.000 -0.00 0.01 -0.00
04 459 142 108 632 E-06 206 041 012 745
1.61 -0.00 0.00 -0.00 0.00 -0.00 -0.00 0.00 5.22 0.00
E-05 7 0566 36 0996 464 715 1418 E-05 3433
0.000 0.002 0.000 -0.00 0.005 0.000 -0.00 -0.00 0.001 0.04
236 065 998 43 764 685 063 517 315 7487
0.003 -7.6 0.00 -0.00 0.003 0.000 0.00 -0.0 -0.00 -0.00
597 E-05 0134 096 525 362 1191 1371 643 661
0.003 0.003 0.00 0.00 -0.00 0.000 -0.00 0.00 -0.00 -0.00
191 423 3006 4515 667 181 607 2232 058 149
-0.00 -0.00 0.00 -0.01 -0.00 0.001 2.78 -8 E- | -0.00 0.018
148 047 4991 869 297 237 E-05 05 448 858
-0.01 -0.01 0.00 -0.00 0.03 0.00 1.63 -0.00 0.000 0.013
149 274 199 645 2626 9774 E-07 048 998 627

5. Discuss

There are still many deficiencies in this design. First of all, the control accuracy
of the manipulator needs to be further improved. Since the understanding of the
genetic algorithm does not reach a certain depth, the application method and the
parameter setting are not proficient, resulting in the grasping accuracy and not to
a very high level. Second, the innovation is not enough, genetic algorithm in the
use of robotics has been a lot of examples.Modeling with D-H coordinates is also a
standard modeling method for robotics. There are shortcomings in the way to solve
the problem.

6. Conclusion

1). The simulation research for the mechanical arm Angle of combination of ge-
netic algorithm for the optimal solution, by giving more groups of data of different
target coordinates, ultimately, the simulation can calculate Angle combination, meet
the requirements and the error is small, fast calcul.This topic from the control of six
degrees of freedom manipulator, for the purpose, in order to improve the manipu-
lator grabbing precision analysis was studied under the simulation environment of
Matlab software, the simulation of the manipulator grasping objects specified loca-
tion operation, through the d-h coordinate representation space model is established,
in combination with genetic algorithm for the optimal Angle oation, high feasibility;
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2). Using d-h coordinate representation, the establishment of a reasonable space
model, can simplify the model complexity, and can through the kinematics prin-
ciple, combining with the software of Robotics kit to verify the correctness of the
combination of genetic algorithm for corner;

3). Powerful Matlab software drawing, not only can plot of genetic algorithm in
the process of evolution fitness change, also can simulate the mechanical arm grab
static figure, can be observed through changing views on the multiple perspectives,
the implementation of the feasibility of genetic algorithm and simulation.
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