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Abstract. In order to solve the problems in the traditional control method of Quadrotor UAV, Such as 
weak anti-interference ability and system modeling error has a greater impact on the tracking 
performance, A trajectory tracking algorithm based on self-learning control is designed. The 
algorithm can control the object accurately by the iterative correction. To control the unknown object 
in a certain time, have good anti-interference ability, It has good control effect for the uncertain 
system and nonlinear coupling system, As the structure of the control algorithm is relatively simple, 
So it is easy to implement in actual system. The simulation results verify the feasibility of the 
algorithm. 

Introduction 

The Quadrotor UAV with 4 separate motor drive , Pitch and roll motion is achieved by differential 
torque, The yaw motion is achieved by anti-torque of rotors, Total lift is generated for 4 rotors, Due to 
the instability of its structure, the Quadrotor UAV Need real-time attitude control[1]. 

At present, the research of  Quadrotor UAV is mainly concentrated on the aspects of robust attitude 
and trajectory control, The controller of the Quadrotor UAV was designed based on PID, fuzzy 
control, LQ control, loop shaping theory[2-5], The paper[6-7] designs a feedback linearization 
controller for the  Quadrotor UAV.The modeling error has great influence on the feedback 
linearization control, The control effect is not satisfactory when the system is disturbed，The 
controller was designed by backstepping method in the reference [8-9]，backstepping control is also 
susceptible to modeling errors. 

The controller is designed by the dynamic surface method in the literature [10], The dynamic 
surface method is used to reduce the order of the derivative in the backstepping control, The controller 
is designed by sliding mode control in the literature  [11-12]. 

The above method can increase the robustness of flight control system,But the modeling error has 
great influence on the control effect. And the design process of controller is complex. So I designed a 
kind of r trajectory control method based on iterative self-learning control. The method does not 
depend on the exact mathematical model of the system, The control input is changes with the previous 
control input and tracking error. The control accuracy can be improved continuously in control 
process. 

1. Quadrotor UAV mathematical model  

Choose the body coordinate system to describe the motion of the aircraft, The gravity of the body 
is coincident with the origin of the coordinates, The structure of the Quadrotor UAV is shown in 
Figure 1. 
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Fig. 1 Flying principle of the quadrotor UAV 
 
According to the structure of the system, The nonlinear mathematical model of the Quadrotor 

UAV is  
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Among them, ξ is the position vector, ν  is the speed vector, 3 (0,0,1)Te = , F is the total external 
force vector, R is the conversion matrix From the body coordinate system to the ground coordinate 
system[14], η is the euler angle of UAV, λ  is angular speed of UAV, ( )W η is the conversion matrix 
of the three axis angular velocity in the body coordinate system to the euler angular rate, J is the 
inertia matrix for UAV, τ  is the Control torque of aircraft. 

The control input is shown in formula 2 and 3. 
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Among them， rb is the thrust coefficient of the rotor, qb is the Anti torque coefficient of the rotor, 
r  represents air density, A is the rotor rotation area, Motor speed of four motors are respectively 

( 1..4)i iω = . 
The system state variables defined for the Quadrotor UAV are as follows 

[ ]X x x y y z zθ θ φ φ ψ ψ=             

                                                                                          (4) 
The state x and y  belong to the indirect driving state, The state θ 、φ  、ψ and z  belong to the 

direct driving state, The structure of trajectory control is as follows. 
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Fig. 2  Structure diagram of quadrotor aircraft trajectory control system 

2. Iterative self learning trajectory control 

The iterative self learning control is accomplished by the iterative correction of the control object. 
It can control the unknown object in a certain time. It has the low requirement for the accuracy of the 
control system modeling. It is a kind of intelligent control. And have strict mathematical proof, It does 
not depend on the mathematical model of the system, It has good control effect for the uncertain 
system and nonlinear coupling system. 

In this paper, the trajectory control of Quadrotor UAV is realized by the iterative self-learning 
control, According to the formula (1), the trajectory equation of the aircraft can be got as follows. 
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In the formula, ( , , )i i x y zs =  is the compound interference of each channel, Including system 
modeling error and outside interference, The virtual control of the horizontal direction is as follows. 
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  Set the expected trajectory and its derivatives, respectively d d d dx x y y 、 、 、 and d dz z、 ,The 
iterative learning control algorithm is as follows. 
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   In the formula， x
k d kx xλ = − ， x dx xλ = −
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In the formula， y dy yλ = − ， y dy yλ = −
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In the formula， z dz zλ = − ， z dz zλ = −



 ， ( , , ) ( ) ( 0)z z
z zf z z k sgn kλ λλ λ= 

 

 ＞ , zΗ  is a positive 
definite symmetric matrix. 

3. Algorithm simulation 

To verify the effectiveness of the trajectory tracking algorithm in this paper. The simulation of 
circular trajectory tracking is carried out，The parameters of the Quadrotor UAV are as follows， 

0.75kg, 0.25m,m l= =
5 2 7 2 3 2 3 23.13e Ns , , 7.5e Nms , 19.688e kgm , 19.681e kgm ,t d x yk k I I− − − −= = = =  

2 23.938e kgmzI −= 5 2, 6e kgmrotorJ −= . 
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Fig. 3 Position tracking curve of x axis 
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Fig. 4 Position tracking error curve of x  axis 
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Fig. 5 The change curve of adaptive quantity Delta 
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Fig. 6 Horizontal position tracking curve after ten iterations 

4. Conclusion 

Through simulation, we can know that in the case of the exact system model, the algorithm can still 
achieve the accurate tracking of the trajectory, And has a high ability of anti-interference, The 
algorithm structure is simple, easy to implement in real system. 
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