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Abstract

The kinematics that handles issue of motion and one of the most important parts of the control
process of robot manipulator divided into inverse and forward kinematics. While the forward
kinematics is determined the position of the end effector using variables of joint, the inverse
kinematics is obtained value of joint variables from end effector. Although the forward kinematics
is relatively easier than the inverse kinematic solution, the inverse kinematics is much more
difficult and complex. In particular, the increasing number of joints of the robot is more difficult
this solution. Today, intelligent optimization algorithms are frequently encountered in a solution to
the inverse kinematics that is described as both difficult and also non-lineer problem. This paper
explains that intelligent optimization methods used in inverse kinematics solution. Thus,
researchers who are interested in this field will have a thorough investigation.
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1. Introduction

The inverse kinematics solution is a major problem in robotic research area. If it is concerned
about the trajectory planning, dynamic and control problems of a robot arm, firstly, kinematic
model of the robot arm will be created [1]. Kinematics is divided into forward and inverse.
While forward kinematic that determine position and orientation of end effector from joint
angles is more easily and uncomplicated and calculated with closed form [2], inverse
kinematic that converts position and orientation of the robot manipulator end-effector from
Cartesian space to joint space more complicated and many traditional method such as
geometric, iterative and algebraic are inadequate [3].

Traditional methods such as geometric, algebraic and iterative methods have been used for a
long time for inverse kinematic solution. However, each method has certain disadvantages.
Algebraic methods do not guarantee closed-form solutions. Geometric methods are used to
the maximum three-jointed robot arm because of solving complex. Iterative methods are
approached only one point and this point is connected to the starting point [4]. If the robot
arm joint structure is very complex inverse kinematics solution takes a long time with this
method [5]. Nowadays, especially 6-DOF and 7-DOF robot arm is eminently attractive to
both the academy and the industry. Because it is known that if more than the number of joint
the robot arm kinematic performance, maneuverability and dynamic performance is enhanced

[6].
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Nowadays, intelligent optimization techniques such as evolutionary algorithms, neural
networks, genetic algorithms, particle swarm optimization, artificial bee colony is often
preferred in order to shorten the duration of inverse kinematics solution of a complex
structure robot arm [7]. To use these techniques, inverse kinematics problem should be
converted into a fitness function to find the best solution [8].

2. Actual Intelligent Optimization Methods Used in Inverse Kinematics
2.1. Artificial Neural Network

ANN has been developed, inspired by learning mechanisms between the human brain's and
human behavior. With the ability to learn using examples and experiences are much more
flexible and powerful [9]. Therefore, it is frequently used in many fields. Due to the difficult
process, ensure that the learning system is the only disadvantage of the neural network.
However, if the neural network learning is done properly, the solution is obtained at least
error and successfully [4].

Input Layer  Hidden Layer  Output Layer

Figure 1. Developed for reverse kinematics, sample ANN design [1]

Studies conducted in inverse kinematics solution on the network training algorithms come
into more prominence. Research on BP (Back Propagation) algorithm is more prominent than
the use of other algorithms [9]. In particular, Back Propagation are frequently used with
learning algorithm of Levenberg. Because, this algorithm gives more effective results in this
way [1]. As is known, if neural network don’t train very well, insecurity will be revealed.
Therefore, EIman network that is a feedback network reveals effective results [10].

2.2. Particle Swarm Optimization

Because It is based on the structural collaboration between the particles, PSO based on the
swarm behavior has a strong intelligent infrastructure [5]. This algorithm is useful for global
optimization problems and it has a wide range of applications and it is a strong method [11].
The inverse kinematic solution of 4-DOF [12], 6-DOF [13] and 7-DOF [5] manipulator robots
have been demonstrated to produce the best solutions with PSO algorithm. Almost all of the
research that the algorithm used to obtain the best results, the problem is expressed as a
fitness function, because optimization algorithms work in this way. [8]
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Figure 2. Geometrical illustration of the PSO algorithm (5)

If known robots such as Stanford, PUMA and KUKA are used in research, solution should
obtained by comparing the results of multiple algorithms [12-13]. However, if a new robot
design is done, the best solution has been demonstrated by obtaining a solution [5]. The
results were revealed in terms of working time of algorithms, value of the joint angles and
error rate of the end effector.
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Figure 3. Thanks to error rate of end effector revealed a result graphic of example [5-12]

If the PSO which the initial value is assigned randomly is applied to a real robot, the robot
manipulator will reach the destination reeling.

2.3. Artificial Bee Colony

ABC algorithm is an intelligent optimization algorithm that models the behavior of foraging
of honey bees. Artificial Bee Colony that was proposed by Karaboga in 2005 is a optimization
techniques based on the swarm intelligence [14]. ABC algorithm has led researchers to use in
solving a wide range of optimization problems because it has a simple working principle and
comprises a small number of parameters and easy to apply [15].
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Figure 4. Artificial Bee Colony Algorithm [16]

Studies conducted in recent years reveal that to explore new solutions mechanism of ABC
algorithm is working very well, however this studies demonstrate that the mechanism to do
local search of ABC algorithm between neighboring solutions can be improved [14].
Therefore, ABC algorithm has been used in inverse kinematics solution trial by be developed.
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Figure 5. Comparison Standart ABC and be developed ABC (left fig.), Bee, BP and EA comparison (right fig.)

Because local search making mechanism between neighboring solutions is weak.
Convergence rate is too slow. Therefore, the solution time and the number of iteration (You
can see in Figure 5) leads to increase [17].

2.4. Firefly Algorithm (FFA)

Firefly algorithm that is proposed by Dr. Xin-She Yang (Cambridge University - 2007) is a
meta-heuristic optimization algorithm based on the social behavior of the fireflies in tropical
climates [18]. This algorithm has various similarities with other swarm intelligence-based
algorithm. However, the concept is simple and practical [19]. In addition, firefly algorithm is
easy to implement and much superior to other algorithms in terms of accuracy and efficiency.
FFA is based on the firefly bugs behaviour, including the light emission, light absorption and
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the mutual attraction, which was developed to solve the continuous optimization problems
[20].
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Figure 6. Impact of swarm size and the number of iteration [21]

Because Firefly algorithm is a new algorithm, it is not used a lot in inverse kinematics
calculations. In the existing studies, defining a fitness function based on the error rate that is
the distance between the calculated position and the actual position, it was run firefly
algorithm according to this value. Furthermore, as many algorithm such as PSO, ABC, ACO
the effects of particle number and algorithm parameters (8, o, Y) in solution has also been
investigated in studies [21].

2.5. Hybrid Methods

Combining multiple algorithms of which successful aspects are selected are developed
methods in order to obtain the best value.
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Figure 7. Combining two optimization algorithm for the best solution [22]
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Intelligent optimization methods are widely used in the problems of which calculation is
difficult, complex and long running time. However, the randomly selection of the initial value
of some algorithms such as ABC, FFA, PSO adversely affect the robot orientation. In
particular, when the differences between the initial value and the final value is more extreme,
robot arm reaches the target point rolling. Neural networks of which its learning ability and
convergence is very good are used effectively to prevent it. First, the robot arm is positioned
on the target point with artificial neural networks. Then the error rate is minimized using a
second algorithm such as simulated annealing, genetic [22-23-24].

3. Conclusions

This study the usage of intelligent optimization methods used in inverse kinematics solution
that is one of the popular topics in the field of robotics reveals in detail. The Inverse
kinematics that has a kind of non-linear problems is a much more difficult situation in a
complex robot because of degree of freedom. Therefore, artificial intelligence techniques are
often preferred in this problem. This research explains how to use the intelligent optimization
methods of researches to solve this problem. In this way, researchers who have been working
in this field will be a quick reference. Hybrid methods which are based on combining the
strengths of two techniques are popular in the last few days in this solution. For example,
combining simulated annealing and artificial neural network.
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