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 Recently, the theory of phase logic has been used as a modern method in many fields. 

The phase controllers are appropriate for controlling the nonlinear systems that it is 
difficult to control them with the usual controllers such as PID. Anyway, there is 

always a usual issue which is the extraction of laws and functions of the memberships 

which are often time taking works and based on the attempt and error and need an 
expert.  Evolutionary algorithms are a type of search algorithms which have been 

stabled based on the natural selection mechanism and present a valid method to 

efficient and effective solving the search process. This thesis describes the using of the 
evolutionary algorithms to ease the designing of the phase logic controller for a robot 

arm with two degrees of freedom. In this thesis, three evolutionary algorithms of 

Genetic, Particle Swarm Optimization algorithm and the Imperialist Competitive 
algorithms have been used for the optimization. The simulations done in this thesis 

indicate that the using of these algorithms will lead to very good results in the robot arm 

control. 
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INTRODUCTION 

 

The robot arms system is widely used in the industry and a wide range of the usage of these systems has 

been found which the following can be namedfrom them: use of the robots in the automated production lines, 

loading and unloading of vehicles such as airplanes and ships, automated painting, handling radioactive 

materials, exploration of the deep of the sea, space travels and military uses. On the other hand, the robot arms 

system is a completely nonlinear and complex system. This system does not have a stable structure and always 

the lack of certainty is seen in it due to several reasons including change of the load or friction between the 

joints. This lack of certainty existing in the robot arms system may cause the creation of the unstable 

performance of the system and make its controlling difficult. For this purpose, many controllers have been 

designed for this system. Among the control methods, the phase control method is very practical and efficient. 

Recently, the phase logic has been widely used in the functions of modeling and control. Most of the 

nonlinear dynamic systems which controlling them with the classic methods is difficult, are controlled by the 

phase logic techniques. Undoubtedly, the classic control methods are the best option when the under controlled 

system is linear. Anyway, for a group of non-linear systems, the phase control systems are an effective and 

strong solution. Although the phase logic controllers have been successfully used for solving some of the control 

and dynamic problems, but defining the membership functions and base of appropriate principles are often a 

time consuming process based on trial and error. On the other hand, evolutionary algorithms (EAs) present an 

alternative pattern for designing the phase systems. EAs are the public search techniques based on the concept 

of the natural evolution process. This research examines the functions of EAs such as Genetic Algorithm, Birds 

Algorithm and the Imperialist Competitive Algorithm in the designing of phase controllers. 

 

The Research’s Methodology: 

The current study has been accomplished with the aim of optimized control of robot with two degrees of 

freedom along with three methods of optimization (GA, PSO and ICA). This study examines a phase controller 
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to control the arms of a robot with two degrees of freedom by three evolutionary algorithms: genetic algorithm, 

Particle Swarm Optimization algorithm (the birds’ algorithm) and the Imperialist Competitive algorithm. 

 

Research’s Findings: 

Phase systems provide a set of understandable principles which are easier for interpreting by the human. 

About the issues of control, this subject means that the control strategy based on the language which is utilized 

by the human operator changes into an automatic control strategy [4,2]. 

Classic sets are known by a border (range) with the defined clarity. Each component may belong to a set or 

not. 

Phase logic is known with using lingual term (linguistic) instead of numeric values to state the mode of the 

variables. For instance, the terms of high temperature or low speed are used. Therefore, a lingual variable is a 

variable which its values are the words (terms) that are used instead of the numbers. Using the words instead of 

the exact and certain numeric values is influenced by this fact that the linguistic description includes more 

information and is more understandable and known for the human although they are not exact [7,6]. 

The main components of the phasing systems are the knowledge based phase and non-phase inference 

engine.Two main types of the phase systems can be observed in the history of the accomplished researches 

which are based on the used afterword in the phase principles [3,11]. In the first one, phase sets have been used 

to define the afterword of the principle, while in the second one a numeric function of the input values has been 

utilized. 

The two main types of the phase systems can be observed in the history of the accomplished researches 

which are based on the used afterword in the phase principles [3,11]. In the first one, phase sets have been used 

to define the afterword of the principle, while in the second one a numeric function of the input values has been 

utilized. 

To solve the raised problems, the technique of optimization must be able to address the optimization issues 

which exist in the phase controller. A phase controller in its structure is a non- linear multi- parameter 

component which in the generalmode, itdoes not have a simple mathematical model. Its model is originated 

from the phase sets and phase principles which if we do not say it is impossible, it makes its optimization very 

complex with a simple technique. On the other hand, having many designing variables for such an optimization 

creates a very complex search space. Therefore, if a calculus-based optimization technique searches from the 

lower point to the higher place in level, it will not succeed to find the general optimized value. Moreover, since 

the search space is not known, the discontinuities or the existing non- differentials will make difficult its 

analysis with the gradient methods; although, there is another technique for optimizing a FLC. The evolutionary 

algorithms are a group of algorithms which can be used in the large solution space search to find solutions 

which are closed to the optimized value. In the next chapter, the evolutionary algorithms will be described in 

details. 

The search algorithms are used when the analytical inference of an optimized solution ،is not possible from 

the structure of the function ; as instance, when is a linear mélange function. The aim of the search 

algorithms is to determine and it is an optimized solution. This work is accomplished through the iteratively 

evaluation of the multiple experimental solutions before accepting a closed solution to the optimized value. In 

general state, the search algorithms do not require to recognize  which this fact makes the related issues 

independent; but these algorithms do not guarantee the general optimization (because, there is usually a way for 

recognizing this matter whether the solution is a general optimized value or not). 

Genetic algorithms are a known group of evolutionary algorithms. These algorithms work with a fixed 

population of individuals (Chromosomes) which each of them presents a probable solution to the given problem. 

In each reproduction, the individuals are encrypted and after that a competency score is determined for them 

based on the matter that which of them better solves the problem. 

The individuals with the probability of appropriate selection with the individuals’ competency are selected 

to participate the next generation production. After the selection is done, the fusion between the pairs of the 

selected individuals occurs. The strings of the individuals are combined to each other. Through this way the new 

individual is produced which includes the features that have been inherited from the mostly different 

individuals. 

The next operation which occurs is mutation; random selection of the bits of the chromosomes. This matter 

occurs with a relatively low probability in general. Mutation ensures that the probability of the search of an 

existing part in the solution space is never zero. 

Before a genetic algorithm is presented as a software application, an appropriate (descriptive) encryption 

must be created. Also, a competency function is required which is used to evaluate a type of competency for any 

encrypted solution. On the other hand, during the accomplishment of this program, the parents must be selected 

to do the reproduction and they must be combined in order to produce the offspring. 
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PSO method is an overall method of optimization which by using them one can overcome the issues that 

their solution is a point or a level in a space with n dimensions. In such a space, some hypotheses are raised and 

a primary speed is allocated to the particles. Also, the communicational channels between the particles are 

considered. Then, these particles move in the solution space and the obtained results are calculated based on a 

competency criterion after each interval. After time passes, the particles accelerate their moves toward the 

particles with higher competency criterion; and they are located in similar communicational group. The main 

advantage of this method compared to the other optimization strategies is that the large number of the particles 

in swarm leads to the flexibility of the method against the local optimization solution problem. 

Like other evolutionary algorithms, this algorithm starts with a number of random primary populations 

which each of them is called a “country”. Some of the best population factors (equal to elites in the genetic 

algorithm) are selected as imperialist. The rest of the population is considered as colony. Colonialists depending 

on their power pull these colonies toward themselves with a special process which comes continually. The total 

power of each empire depends on both of its consisting parts, that is to say Imperialist (as the central core) and 

its colonies. In the mathematical mode, this dependence with the definition of the empire power in the form of 

the power of the imperialist country in addition to a percentage of the average of the power of its colonies have 

become the model [1]. 

FS design consists of two stages: (1) selecting the system structure, that is to say the principles in the basis 

of principles and (2) defining the correct parameters (or data base) that is to say, (a)forehandand afterword, 

lingual variables etc. And therefore, manual designing and setting a FS is a difficult duty, especially when the 

number of the MF parameters increases. Automatic identification of the phase system parameters or structure 

can be considered as a search or optimization process. According to the large number of the parameters which 

must be determined in a FS, relativelythe size of the search space is large. For this reason, it needs powerful 

search methods which have the ability of management of the spaces with large dimensions. Right now, the 

evolutionary algorithms are known as the powerful and effective general search techniques for this group of 

issues [5]. Examining the historyindicates that the significant types of the phase evolutionary systems include 

the genetic training or setting the numerous components of the phase principle based systems (that usually 

called as genetic phase systems or GFS). Genetic algorithms are applied in various levels of complexity from 

the setting of the membership function to producing the phase principle which consists of setting and learning 

[10,5]. 

The genetic design of a FS includes coding of the knowledge base parameters in an appropriate genetic 

form. When the knowledge base is optimized, the phase process can start by calculating the outputs as a 

standard phase system.In general, genetic phase system can be divided into two large approaches: genetic setting 

processes and genetic learning processes [10,5]. The genetic setting processes are used as the predefined 

optimization of the performance of FRBS through setting the DB parameters (membership functions or scale 

factors). So, the main aim is to optimize the setting of DB parameters and the principle base remains unchanged 

during the setting process. The genetic learning processes are influenced by the automatic production or 

optimization of a set of phase principles which develop the relationships between the input and output modes. 

The robot arm system is widely utilized in the industry and a wide range of the function of these systems 

have been found which from them the use of robots in the automatic production lines, loading and unloading of 

the vehicles such as airplanes and ships, automatic painting, handling radioactive materials, exploring the deep 

of the sea, space travels and military uses can be named. 

But as you know, the robot arms system is a completely nonlinear and complex system. This system does 

not have a stable structure, and always the lack of certainty is seen in it due to several reasons including change 

of the load or friction between the joints. This lack of certainty existing in the robot arms system may cause the 

creation of the unstable performance of the system and make its controlling difficult. 

The dynamic method of robot is the Lagrangian formulation method which describes the behavior of a 

dynamic system according to the work and the saved energy in that system instead of the power and ….of every 

involved members. The bound forces existing in the system are automatically eliminated in the Lagrangian 

formulation of the dynamic equations. The formed dynamic equations can be extracted through a method in any 

specified coordinate system. 

The dynamic equations of a robot arm with n degree(s) of freedom can be stated using the Lagrangian 

method or Newton- Oiler method in the form of the degree 2 nonlinear equation: 

( ) ( , )q ( ) ( , , )M q q C q q G q W q q q        
 

In the above equation, W (q, q
0
, q

00
) is aknown function of robot dynamics and 


 is a vector including 

unknown parameters of robot dynamics. 1[q ,...,q ]Tnq  is the position vector of the robot joints and 

1[q ,...,q ]Tnq    and 1[q ,...,q ]Tnq   
 are velocity and acceleration vectors, respectively.  M (q)is thematrix 



268                                                  Morteza Bagheri and Hasan Fatehi Marj, 2014 

Advances in Environmental Biology, 8(17) September 2014, Pages: 265-273 

of inertial n*n and C (q, q
0
) is the matrix ofn*n of the coriolis and centrifugal forces and G (q) is the vector of 

gravity. The M (q) matrix is an asymmetric and definite positive matrix. 

The two joint robot arms have been indicated in the figure 1. As seen in the figure, q1 is the position of the 

first joint with respect to the horizontal plane and q2 is the position of the second joint with respect to thefirst 

joint. 

 
Fig. 1: two joints robot arm 

 

The dynamic equation of the two joints robot which has been brought in many references and articles is 

expressed as follows: 
2 2
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The above equations are in the general form according the equation (1) which the M (q), C (q, q0) and G (q) 

matrixes for it are as follows: 
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In the above equations 1 1 2 2 1 1 2 2 12 1 2cos( ), cos( ), sin( ), sin( ),c cos( )c q c q s q s q q q       and 

m1 and m2 are the mass of the arms and l1 and l2 are the length of the arms and g is the gravity of the earth. Also, 

if m3is considered as therevulsive load on the second arm and focused on the end point of the second arm, then 

the system model will be introduced as the equation (1) with the following matrixes: 
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That in it, 
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Using the phase logic definitions we use a phase system with two inputs and one output in order to control 

each arm. The inputs of the system are in order of the errors that is to say that the difference of the real value of 

the angle with the desired value, and also the derivative of the error. Also the output is the amount of torque 

exerted on the joint. In order to simplify the phase system, the phase system of Sugeno of the zero degree has 

been used. This type of system is very similar to the phase system of Mamdani type and only it uses single 

values in the output instead of considering the membership functions. 

The membership functions which have been considered for the input variables to both of the phase 

controllers have been normalized with the Gaussian type. 

The inputs of the phase system first are turned in the phase form by the membership functions which are 

considered for them and then, regarded to the set of principles which are considered for the phase system, 

anapproximate reasoning are applied on the inputs and it produces the desired output phase system. 

Since the controller has two inputs and each of them has five membership functions, then a perfectprinciple 

base for this system consists of 25 principles. The principle base which we have considered here is a standard 

principle base which in most of the papers has been considered as the controller. 

A general Schema of the implemented control system in the Simulink of the MATLAB software is 

observed as following: 

 
Fig. 2: a schema of the control system in the Simulink of MATLAB software 

 

The important point in this schema is the using of the scale factors and they cause that the e and e0 variables 

are well placed in the range of [-1, 1] which has been considered for the phase system. Another significant point 

is using of a MATLAB Fcn which benefits of anmfile called dyn.m and the robot equations have been 

implemented in it. 

We set the time simulation on 5 seconds and the step time equal to 0.001 second. The result obtained from 

this simulation is seen below: 



270                                                  Morteza Bagheri and Hasan Fatehi Marj, 2014 

Advances in Environmental Biology, 8(17) September 2014, Pages: 265-273 

 
 

Fig. 3: Tracingthereference of first arm 

 

 
 

Fig. 4: Tracingthereference of secondarm 

 

As it is clear in the above figures, the controller has not been able to control the robot arm system well and 

follow the determined reference. This problem arises from the fact that the phase controller parameters 

including the membership functions and the appropriate scale factors have not been set. 

 

5-5- the results of optimization of the phase controller of the robot arm: 

In this study we have used these three algorithms to optimize the centers and widen the membership 

functions on the input aspects and the afterword values of phase principles and scale factors. To optimize the 

controller, different criteria can be used. In this study we have used the criteria of Mean square Error (MSE) as 

the target function. 

To exactly compare the three algorithms, we have considered the number of the iteration stages of all the 

three algorithms equal to 60 and the number of the population equal to 15. It is necessary to mention that the 

population in the genetic algorithm is the number of the used chromosomes, in the PSO algorithm is the number 

of particles and in the Imperialist Competitive algorithms is the number of the countries. 

In the following, the graph of the target function has been brought in one figure based on the number of 

iteration stages of the algorithm for each of the algorithms in order to compare: 
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Fig. 5: graph of the target function of the three algorithms 

 

As the figure shows, the Imperialist Competitive algorithms has better ultimate optimized value compared 

to the two other algorithms and the other two algorithms have almost equal ultimate optimized value. The other 

considerable point in this figure is that the genetic algorithm has a fast process at the beginning and almost after 

10 iterations does not show an acceptable process in finding the better solution. 

Now, see the obtained results of the reference tracing of both of the robot joints of these three controllers, 

that is to say PSO-FLC, GA-FLC and ICA-FLC: 

 

 
 

Fig. 6: comparison of the references tracing of all of the three controls (the first joint) 
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Fig. 7: comparison of the references tracing of all of the three controls (the second joint) 

 

All the three controllers have acceptable and closed to each other’s solution in terms of reference tracing; 

this is because these three algorithms are from the general searcher algorithms and do very powerfully in solving 

the optimization issues. But among them, the controller of ICA-FLC has better performance and efficiency 

compared to the controllers of GA-FLC and PSO-FLC. 

And finally, in order to exactly compare the performance of the controllers, we have used the ITAE and 

IAE criteria which are criteria for tracing error and then we have reported the results in the following table. The 

reported values in the table indicate that the optimized controller by the imperialist competitive algorithm is 

better than the other controllers in terms of ITAE and IAE criteria. 

 
Table 1: comparison of the control criteria for the first joint 

ICA-FLC GA-FLC PSO-FLC FLC Joint 1 

0.035 0.215 0.405 0.853 ITAE 

0.037 0.112 0.176 0.392 IAE 

 

Table 2: comparison of the control criteria for the second joint 

ICA-FLC GA-FLC PSO-FLC FLC Joint 2 

0.032 0.045 0.063 1.806 ITAE 

0.054 0.066 0.076 2.681 IAE 

 

Discussion and Conclusion: 

As said before, setting of the phase controllers such as their membership functionsto control a special 

system is very time consuming and difficult. Numerous methods have been created to solve this problem. One 

of these methods is to sue the evolutionary algorithms in setting and optimizing the phase controller;the 

evolutionary algorithmswere generally discussed in the beginning of the third chapter and specifically the details 

of three algorithms of Genetic, PSO and Imperialism Competitive were investigated. After that, we introduced 

the most known phase systems setting by the evolutionary algorithms, that is to say phase genetic algorithm; and 

the types of the ways of combining the phase systems with genetic algorithm in the papers have been examined. 

Ultimately, the equations of a robot arm with two degrees of freedom in the environment of MATLAB software 

has been implemented and the setting and optimizing the phase control for the robot arm system were 

accomplished using the three algorithms of genetic, PSO and imperialist competitive. The obtained results of all 

the three ways are acceptable and the optimized phase controllers have well done the tracing of the reference of 

the joints. In the meantime it was determined thatthe optimized control by the imperialist competitive algorithm 

had better result than the two other methods. Ultimately the efficiency of the three controllers was compared 

from the perspective of two controller criteria and it wasreported in the tables. 
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