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Abstract

Through the analysis of three degree of freedom of the industrial robot bar geometric parameter, the
homogeneous transformation matrix method was used to establish the system of positive kinematics model. This
paper will introduce genetic algorithm to solve the problem of inverse kinematics robot to plane three degree of
freedom robot, to explain the genetic algorithm is applied to solve the inverse kinematics more effectively.
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1. Introduction

Based on the robot kinetic theory (Yu & Ma, 1999), we establish the robot kinematic model. According to the
forward kinematics theory, under the conditions of known geometric parameters and the joint angle of the lever
member, the position and attitude of the reference coordinate system relative to the manipulator end effector (Ma,
1991). Based on genetic algorithm, we put forward a new kind of algorithm controlling robot pose, and solve the
inverse kinematics problem.

2. Establishment of Robot System Composition and Kinematics Model
2.1 Robot Kinematics Introduction (Jiang, 1994)

Control of robot kinematics model (Chen & Zhang, 2005) is divided into two parts, forward kinematics and
inverse kinematics. Solving the forward kinematics problem (Guo & Wang, 2012), a general method in
engineering is homogeneous matrix transform method, presented by Denavit and Hartenberg. The core idea is
build homogeneous transformation matrix for each robot joint rod, through successive matrix operations, which
will use the robot manipulator end effector coordinate system representation of the vector to the base coordinate
system. And the establishment of the corresponding relationship between the robot joint variables and rod of
homogeneous coordinates.

2.2 Establishment of Robot Kinematics Model

In order to describe the joint movement, the position and attitude of the reference coordinate system relative to
the manipulator end effector, according to D-H member axes rule, each robot each rod in the joint shaft is set up
by regular Descartes attached body coordinate system (xi, yi, z), where i=1, 2,..., n (n is the number of degrees of
freedom), as Figure 1 shown below. As long as the z, axis along the first joint motion axis, the position and
direction of the manipulator at 0 system on the base can be optionally. As long as the x, axis and z;; axis is
vertical, the last coordinates (X,, ya, Zy) can be placed in any position of the manipulator end. When the joint i
movement, rod i relative to the rod member i;; motion, on which the coordinates (X;.1, yi.1, zi.1) relative to the rod
member i-1 will also move, the coordinates (X1, yi1, Zi.1) relative to the rod I-1 coordinate system (Xi2, iz, Zi2)
will also move.
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Figure 1. Robot link coordinate system

Based on the robot pole coordinate system, denoted by D-H method can be used to calculate the homogeneous
transformation matrix connecting i coordinates and i-1 coordinates, a point P; represented by icoordinate can be
available through coordinates i-1, just accomplished the transformation one by one:

(1) x;.1 axis around the z;.; axis angle 0;, making it the same x; axis alignment;

(2) move along the z;; axis translation distance d;, the x;; axis and x; axis coincide;

(3) move along the x; axis distance a; icoordinates and i-1 coordinates of the origin and the x axis coincide;
(4) around the x; axis angle of i, i coordinates and i-1 coordinates coincide completely.

With basic homogeneous rotation-translation matrix representation and multiplicative quadature of these four
kind of action, we’ll obtain the adjacent coordinates i and i-1 synthesis homogeneous transformation matrix A;:
"' A=Rot(z, 0;)Trans(0,0,d;) Trans(a;,0,0)Rot(x, a;)

Expand the above equation can be obtained:
cos0, —cosq, sin0, sino, sin®, o, coso,
A= sin®, cos, cosO, —sino, cosO, o, sin0,
1 .
0 sina, cos O, d,
0 0 0 1

When the mechanical hand of each link coordinates were specified, will be able to list constant parameters in all
links. The rotation joint, a;, i and d; is a constant, 6;is the joint variables.

Using "' A; matrix, the robot arm on a fixed point P; in the i coordinate system of homogeneous coordinates and
i-1 coordinates in the homogeneous coordinates of link, have equation:

Pii= (Xiot, Yiots Zits 1), Pi= (x5, yi, 73, 1)
Establishment of robot forward kinematics model, as shown below:

The table shows the link parameters, each connecting transformation matrix can be obtained as follows:

c0, —s0, 0 330cH, -s0, —c0, 0 -300s0, 50, ¢, 0 15050,
op — 50, ¢0, 0330s6, 7= 0, s0, 1 300c0, 2p _ -0, 56, 0 —150c0,
Yo 01 0 *1o 00 o0 o o1 o0

0 0 0 1 0 0 0 1 0 00 1

Wherein, “T; said connecting rod 1 coordinate {1} relative to the pose of base coordinate system {0}, Tyy Ty
and so on, c0y, s0; represent sin6;, cosf;, and the rest of the analog.

Design of manipulator end pole coordinate system to the robot coordinate system homogeneous transformation
matrix, then the
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0T3 = OAI 1Az 2A3
Any of the known robot joint angle vector substituting into the above formula, we can find the homogeneous
coordinates values of robot manipulator end relative to the respective reference coordinate system. Establish the
corresponding relationship between robot end-effector position and attitude and the joint variable value. In the
robot joint constraints, given any set of joint variables, through the forward kinematics equation uniquely
determine the end-effector pose.

3. Robot Gripping Control Algorithm

On the basis of establishment of robot kinematic model in the above context, this chapter is based on the genetic
algorithm robot gripping control algorithm, analyze solution of the robot inverse kinematics, illustrate specific
implementation process about genetic algorithmic and a planar robot with three degrees of freedom.

3.1 Inverse Kinematics of the Robot

The robot kinematics equation can be obtained from the equations of robot motion:

Nx Ox dx pPx

ny oy ay p
‘T=| T T T |=1(0))'T,(0,) T3 (6,)
nz 0z d: pz

0001

If the robot end effector connecting rod pose has been given, i.e. n, o, a and p were known, then seek the joint
variables 01, 0,, 03, the value of them is called the inverse solution.

Robot inverse kinematics problem is when the position, attitude, velocity, angular velocity, acceleration and
angular acceleration of the robot end effector rod are presented, and can achieve these requirements of the joint
position, velocity and acceleration. This article only discusses the problem in the first place, which is known as
satisfy some work requirements of the spatial position and posture A of end effector, and each pole structure
parameters, and the robot joint variables can be calculated.

3.2 Genetic Algorithm

Genetic algorithm referred to as GA, is a kind of evolutionary algorithm first proposed by the United States of
America professor J. H. Holland in 60s later period, it’s the most widely used. Genetic algorithm is a kind of
optimization search algorithm draw from biological natural election and natural genetic mechanisms, is an
approximation algorithm.

Genetic algorithm (Zhang, 1995) the term is derived from the nature genetics. An alternative solution is called a
chromosome, each chromosome consists of several genes, each gene can be used to represent a number, a
number of chromosomes compose a group. Genetic algorithm (Wang & Wei, 1996) is an alternative solution for
iterative computation process, and each iteration called generation. At the completion of iteration, the current
group will make use of the certain evaluation function performance evaluation, and on the basis of the evaluation
of new generation. Initial groups randomly determined to subjective experience, groups of fixed capacity for N,
specific algorithm is shown by the following:

t=0;

2) generate an initial group of G (t);

3) with a certain evaluation function to evaluate G (t);
4) satisfy the end condition, transferred to 8);

5) produce a new generation of G (t + 1) by G (t);

6) to evaluate G (t + 1);

7) back to 4);

8) stop;

The above iterative compute process to find a satisfying solution or to preset number of iterations. Algorithm of
the evaluation function is mainly used to evaluate each of the chromosomes in the current generation, by
evaluating the next generation of removed a number of low performance of chromosomes, keep some
high-performance chromosomes, and through genetic operators added some new chromosomes, to ensure that
the next generation of group contains new information, make its average performance is improved, the result was
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very good, to meet the requirements of the problem solving.

In general, GA is not a simple optimization algorithm, it is not a traditional deterministic calculation tool, but it
is a kind of new optimization algorithm that based on the evolutionary ideas, and it’s a powerful tool to solve the
problem of large-scale complex.

3.3 Planar Robot Example
One, parameters of robot connecting links.

Take a three planar robot as an example here. Link parameters are shown in Table 1.

Table 1. The three connecting rod mechanical parameters

Angle i 0; L a;
1 0 0; I
2 0 0,190 L
3 0 05-90 I3

Two, the derivation of end effector position.

According to the link parameter definition can get transformation matrix:

c, —s;, 0 a_
o s, ¢ 0 0
A4; =
0 0 1 O
0 0 0 1

The position matrix of end effector:

ch} _S123 0 C]2313 +C]212 + cll]

Siyy Gy 0S5l +5,0 5],
0 0 1 0
0 0 0 1

0]’; — OT]v 1]'12 2]’; 3TE:

A% X

Figure 2. Diagram of three lever operating machine

At the end of three lever operating machine, the X, y coordinates can be expressed as:
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x =1 cos0, +/,cos(6, +0,)+/ cos(6, +6, +0,)
y=1[sin®, +/,sin(6, +6,)+7,sin(6, +0, +0,)

The parameters of an operating machine of the rod respectively is 1,=330, 1,=300, 1;=150, firstly, the control
parameters of genetic algorithm are as follows: group capacity N, genetic algebra G, crossover probability C,
mutation probability M, according to the number of variables, determine the chromosome number of 3, vector
situation expressed as [0}, 0,, 0] range of each variable is [-180°, 180°], in the absence of prior knowledge 6,, 6,,
05 in their range, random generate chromosome N [01;, 01, 05;], i=1, 2,..., N, as the initial population.

Selection of genetic parameter control:

As the above genetic algorithm parameter selection, we know, population capacity of N affects the final
characteristics and effectiveness of genetic algorithm. Small group capacity will make the convergence speed
slow, but the large group capacity will increase computing workload of each generation, and when N greater than
100, the convergence of the improvement is not obvious, therefore recommend selection N=100.

Crossover probability determined the crossover frequency, large crossover probability means that each
generation will have more new chromosome. Recommend C=0.9.

The mutation probability determines the probability of mutation operator.

Too large Mutation probability will lead to a good chromosome loss of information. While too small mutation
probability will do no help to the improvement of the convergence of the algorithm. Generally it takes
M=0.03-0.07.

N=100, C=0.9, M=0.04, genetic end condition (Shi, Chen, & Yao, 2009) is:

J=J(x=x)* +(y=,)* <0.1 *)

Take the position coordinates of the end effector (651,421), and then follow the above genetic algorithm genetic
operation, until it meets the end condition. Finally the minimum of the group J chromosomes is considered as
each rod corner solutions for robot mechanical hands.

In the solution of genetic algorithm in this paper, in order to avoid the loss of information good chromosome,
during each generation of genetic, ten optimal chromosome were selected and retained to the new generation,
this also ensures that the performance of a new generation is at least better than that in later generation. In
addition, mutation operation method has influence on convergence speed. In order to improve the convergence
speed of the algorithm, the selected gene mutation in genetic will initially replace its value of 110% or 90% of
the current number (probability 50%), after each increase of 10 generations, the changes in the value of a
corresponding reduction in 0.99 or 1.01 times, this makes the search range from big to small, especially with the
genetic algebra increases, the method helps to accelerate the search speed, when search performance cannot be
improved significantly.

The calculation results are as follows:
The G 100 generation, =0.54;
The G 150 generation, =0.092.

As can be seen the condition (*), from this group, J value of the smallest chromosome is regarded as the desired
solution, then the manipulator end-effector position coordinates is (651.06, 421.07), close to the target value (651,
421).

4. Conclusions

According to definition of robot bar geometric parameters, analyze link parameters in three degree of freedom
industrial robot, using homogeneous transformation matrix method to set up the robot forward kinematics model.

Genetic algorithm is used to solve the inverse kinematics. The robot kinematics equation is highly nonlinear and
strong coupling equations, the traditional optimization method for kinematic solving has two problems: firstly, it
is too complex, algorithm efficiency is low; secondly, it is easy to fall into local optimization, it is difficult to
find the global optimal solution. In this paper, genetic algorithm is introduced into the solution of inverse
kinematics problem, proposed using real number coding to improve the computing efficiency of the algorithm
and accuracy. With an example of the plane robot which has three degrees of freedom illustrate the application of
genetic algorithm to the validity of robot inverse k-inematics solution. Genetic algorithm constitute a new
intelligent control method, the research in robotics has opened up a broad field, also it is bound to the
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development of intelligent robots.
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