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Abstract 
Fuzzy logic controller (FLC) is a heuristic method by If-Then Rules which resembles human 

intelligence and it is a good method for designing Non-linear control systems. In this paper, an arbitrary 
helicopter model includes articulated manipulators has been simulated with Matlab SimMechanics toolbox. 
Due to the difficulties of modeling this complex system, a fuzzy controller with simple fuzzy rules has been 
designed for its yaw and roll angles in order to stabilize the helicopter while it is in the presence of 
disturbances orits manipulators are moving for a task. Results reveal that a simple FLC can 
appropriatelycontrol this system. 
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1. Introduction 
 Helicopter is a vehicle with high weight and it is designed and made in different types 
and shapes and for variety of applications like industry, investigation, transportation and many 
other usages. In other word, helicopter is a multitasking system that is very hard to be controlled 
in the presence of disturbances and uncertainties. So intelligence control is a very good method 
for controlling the operation of this system.  
 There are so many papers about controlling of helicopterslike [1-7], but as I know, there 
is no paper about controlling of a helicopter includes manipulators in front of it. In order to study 
a helicopter with this characteristic, it should be simulated and Matlab SimMechanics toolbox is 
a good software for doing that as it is described briefly in [8].  

As we mentioned above, modeling systems like helicopter is troublesome and 
sometimes impossible using the laws of physics. Therefore, it is not suitable to use classical 
controllers for these complex nonlinear control applications. Fuzzy logic controller is a suitable, 
useful and heuristic method for the control of complicated processes in presence of 
disturbances and uncertainties. In this method there is no need of system modeling or complex 
mathematical equations governing from the relationship between inputs and outputs. In fuzzy 
logic we use fuzzy rules easily, even by non- experts. In fuzzy logic the behavior of the system 
is characterized using human knowledge which leads to the design of control algorithm on the 
basis of fuzzy rules. As a result, fuzzy logic controller delivers a better performance in cases 
where the conventional controller does not cope well with non-linearity of a process under 
control [9]. There are so many papers published using the fuzzy logic controller for controlling 
the desired systems [1, 5], [10-16]. So, in this paper we used fuzzy logic controller in order to 
control the yaw and roll angles of an arbitrary helicopter includes manipulators simulated with 
Matlab SimMechanics toolbox. 

 
 

2. System Description 
The system has been considered in this paper is a helicopter model that have two 2-

degree of freedom manipulators in the front of it. This system is shown in Figure 1 from 
designing in SimMechanics toolbox. These two manipulators are used for a specific task that is 
not important for us in this paper. The theory behind this system is shown in Figure 2 in a simple 
way that means: when the angles of the manipulators change, the center of gravity of the 
helicopter changes too. So we need enough torque for the main and tail rotors to make the 
helicopter fixed in its position in space. 
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Figure 1. Helicopter model with manipulator, (a) isometric view (b) front view (c) top view 
 

 

 
 

Figure 2. Changes of center of gravity (a) and (b) before manipulator movement, (c) and (d) 
after manipulator movement 

 
 
3. Simulation of System with SimMechanics 

In order to have a visual view of the system, we need to use a good toolbox to design 
the system. SimMechanics of Matlab software is a complete toolbox that we can use in order to 
have the helicopter and its manipulators simulated. 

 

 
Figure 3. Schematic of the helicopter model and its manipulators in SimMechanics 
 
 
SimMechanics is based on simulink, which is the research and analysis environment of 

the controller and the object system in a cross-cutting/interdisciplinary [8]. Multi-body daynamic 
mechanical systems can be analyze and modeled by SimMechanics and all works such as 
control would be completed in the simulink envirement. This toolbox provides a plenty number 
of corresponding real system components, such as: bodies, joints, constraints, coordinate 
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systems, actuators and sensors. Complex mechanical system can be created by these modules 
in order to analyze them. In this paper, the toolbox has been used to analyze the helicopter 
model with articulated manipulators. Figure 3 illustrated the schematic of Helicopter model 
designed in SimMechanics. 

 
 
4. Fuzzy Logic Controller 

The FLC system, first proposed by Zadeh [17]. The system is also known as fuzzy 
control system or fuzzy inference system or approximate reasoning or expert system. The 
general framework of this system is shown in Figure 4. According to this framework, we 
designed the close loop system in Matlab which is illustrated in Figure 5.   
  
 

 
 

Figure 4. Framework of fuzzy logic controller 
 
 

 
 

Figure 5. Schematic of fuzzy control system in Matlab Simulink 
 
 

 
 

Figure 6. Membership functions of inputs and outputs 



IJEEI ISSN: 2089-3272  
 

Fuzzy Control of Yaw and Roll Anglesof a Simulated Helicopter… (Hossein Sadegh Lafmejani) 

175

In this paper, for the fuzzification process, the Gaussian membership functions and the 
Triangular membership functions are devoted to the inputs and outputs respectively with the 
universe of discourse as follows: 
 

 ݁ ൌ ሾെ0.01, 0.01ሿ݀݁݃, ߬௬௔௪ ൌ ሾെ10, 10ሿܰ.݉,					߬௥௢௟௟ ൌ ሾെ40, 40ሿܰ.݉ 
 

The defuzzification technique used in this study was Center of Gravity approach. 
Membership functions of inputs and outputs are illustrated in Figure 6. 

The simple rule base used in the controller designing is given as follows: 
 

 ݂݅	ሺ݅݊1ݐݑ݌	ݏ݅	ܰሻ݄݊݁ݐ	ሺ1ݐݑ݌ݐݑ݋	ݏ݅	ܲሻ 
 ݂݅	ሺ݅݊1ݐݑ݌	ݏ݅	ܲሻ݄݊݁ݐ	ሺ1ݐݑ݌ݐݑ݋	ݏ݅	ܰሻ 
 ݂݅	ሺ݅݊1ݐݑ݌	ݏ݅	ܼሻ݄݊݁ݐ	ሺ1ݐݑ݌ݐݑ݋	ݏ݅	ܼሻ 
 
 

 
 

Figure 7. Changes of angles before adding a fuzzy controller 
 

 
 

Figure 7. Changes of angles after adding a fuzzy controller 
 

 ݂݅	ሺ݅݊2ݐݑ݌	ݏ݅	ܰሻ݄݊݁ݐ	ሺ2ݐݑ݌ݐݑ݋	ݏ݅	ܲሻ 
 ݂݅	ሺ݅݊2ݐݑ݌	ݏ݅	ܲሻ݄݊݁ݐ	ሺ2ݐݑ݌ݐݑ݋	ݏ݅	ܰሻ 
 ݂݅	ሺ݅݊2ݐݑ݌	ݏ݅	ܼሻ݄݊݁ݐ	ሺ2ݐݑ݌ݐݑ݋	ݏ݅	ܼሻ 
݂݅	ሺ݅݊1ݐݑ݌	ݏ݅	ܰሻܽ݊݀	ሺ݅݊2ݐݑ݌	ݏ݅	ܰሻ then (output1 is P) and (output2 is P) 
݂݅	ሺ݅݊1ݐݑ݌	ݏ݅	ܲሻܽ݊݀	ሺ݅݊2ݐݑ݌	ݏ݅	ܲሻ then (output1 is N) and (output2 is N) 
݂݅	ሺ݅݊1ݐݑ݌	ݏ݅	ܼሻܽ݊݀	ሺ݅݊2ݐݑ݌	ݏ݅	ܼሻ then (output1 is Z) and (output2 is Z) 

 
In this paper, our goal was to make the yaw and roll angle of the helicopter at zero(deg) 

and according to the designed controller we got a good response that is illustrated in Figure 7 
and 8. Figure 7 shows the open loop operation of the system and Figure 8 shows the close loop 
system by adding a fuzzy controller. These results confirm that the fuzzy logic controller is 
suitable for controlling this system. 
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5.  Conclusion 
  In this paper, a new mechanical system has been introduced for modeling and applying 
different kinds of controllers on it. An attempt to control the yaw and roll angles of an arbitrary 
simulated helicopter includes manipulator by fuzzy logic has been proposed. From the 
simulation results, it has been shown that the fuzzy logic controller can make a suitable 
regulation in this system. 
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