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Abstract² This paper presents a methodology based on 

direct adaptive fuzzy controller to control the pitch 

attitude of Satellite Launch Vehicle (SLV).  To generate 

reference trajectories of a four-stage Launch Vehicle, 

Trajectory Optimization has been performed offline using 

Genetic Algorithms. The optimization routine takes into 

account the maximum angle of attack along with normal 

and lateral overload constraints. To efficiently follow the 

reference pitch profile, a fuzzy based controller is proposed 

in which an adaptation law is devised which automatically 

adjusts the tunable parameter. This tunable parameter is 

the consequent part of fuzzy IF-THEN rules. Lyapunov 

principle is incorporated in the adaptation law for ensuring 

system¶V stability. It is observed that although the 

Lyapunov approach make sure that the system is 

asymptotically stable, it is very critical to select 

appropriately the value of semi positive definite matrix. To 

analyze the performance of proposed control scheme, 

6DOF simulation model is developed in Simulink. 

I. INTRODUCTION 

DAPTIVE control has been attaining significant 

attention and advancement for the class of non 

linear uncertain systems, as the main aspiration of this 

technique is to achieve optimal system performance 

even when non linearities, uncertainties and variation in 

plant parameters are present. A large number of adaptive 

control laws [1][2][3] have been proposed to deal with 

uncertainties of non linear systems. The benefits that we 

could attain over non adaptive control techniques are 

automatic adjustment of control parameters in 

accordance with changing surroundings and its ability to 

find out the dynamics of the plant in real time [3] 

without having detailed information of the mathematical 

model.  

Current research shows that the domain of fuzzy logic 

made a significant progress for opening new approaches 
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of its implementation for practical systems. For various 

control applications many adaptive Neural Network and 

Fuzzy Logic based controllers with closed- loop stability 

have been presented [4][5]. Direct integration of 

linguistic information in the controller without knowing 

the detailed mathematical of the system are the main 

advantages of Fuzzy systems.  By employing linguistic 

information, fuzzy controllers are highly robust against 

uncertainties and variations in plant parameters and 

established themselves to be universal approximators 

[6][7].   

In fuzzy Logic, various adaptive laws have been 

developed recently [8][9]. Generally there are two types 

of approaches for designing adaptive fuzzy controller 

i.e. Indirect Adaptive Fuzzy control and Direct Adaptive 

fuzzy control [10][11]. In the former case, the adaptive 

controller is used to model the certain parameters of the 

plant however in the latter case, an adaptive law is 

derived which ensures the convergence of the control 

output. To guarantee V\VWHP¶V stability, Lyapunov 

Stability principle is utilized in adaptive fuzzy control, 

which affirms the asymptotical stability of the system 

when the Lyapunov function is converging. By utilizing 

complex approximation function, the adaptive fuzzy 

system provides stabilized controller based on Lyapunov 

function to cater all the non linearities and uncertainties 

present in the system.  

In this work, direct adaptive fuzzy controller is 

proposed to control the pitching profile of SLV. Initially 

point mass model has been developed for trajectory 

optimization which is carried out offline by using 

Genetic Algorithm (GA) for acquiring reference 

trajectories. In order to precisely follow the reference 

pitch attitude profile, direct adaptive fuzzy controller is 

designed which possess advantages such as a) no need 

of the knowledge of the mathematical model of the 

plant, b) linguistic knowledge directly incorporated in 

the controller and c) Lyapunov stability criteria is 

employed to ensure system stability. To analyze the 

performance and efficiency of proposed scheme, a 6 

degree of freedom (6DOF) simulation model for four-

stage Satellite Launch Vehicle has been developed in 

Simulink MATLAB.  The paper is organized as follows: 

Trajectory optimization and Adaptive Fuzzy 

based Launch Vehicle Attitude Control 
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Fig. 8  Pitch angle vs. time 
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Fig. 9  Control deflection vs. time 

To evaluate the robustness of the designed controller, 

the aerodynamic coefficients such as drag and lift 

coefficients, center of gravity and center of pressure has 

been varied ±20% from their nominal values. The 

simulation result of these variations in initial pitch over 

phase is shown in fig. 10.  
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Fig. 10 Robustness of pitch autopilot 

The controller effectively follows the reference pitch 

profile catering all the variations due to parametric 

uncertainties. Hence it is deduced that by using adaptive 

fuzzy control aided with Lyapunov principle, better 

results can be achieved with in tolerable limits. 

V. CONCLUSION 

This paper presents the design process of direct 

adaptive fuzzy controller to efficiently control the pitch 

angle of SLV. To generate the reference trajectories, 

point mass model is developed; in which trajectory 

optimization has been done successfully using Genetic 

Algorithms by taking account all the constraints. To 

analyze the performance of adaptive fuzzy controller, 

6DOF simulation model is developed in Simulink. The 

proposed methodology has effectively verified the 

design process of the fuzzy controller using adaptive law 

for attitude control of Launch Vehicle.  In the design 

process, Lyapunov stability principle is utilized to 

maintain system stability. The variation of P, which is a 

positive semi definite matrix, should be selected 

properly required in the Lyapunov method. The adaptive 

law adjusts the tunable parameter accordingly to achieve 

desired controller performance. The simulation result 

shows the effectiveness of Adaptive fuzzy control law 

which efficiently tracks the desired pitch profile. The 

presented approach based on adaptive law is efficient, 

effective and has a considerable potential for a variety of 

control problems. 
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