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This paper presents dynamic modeling, classical and nonlinear control of flight of mesicopter.
First, nonlinear multiple-input multiple-output model is derived taking into consideration the
body and rotor gyroscopic effects, then three classical control methods for fast response with high
performance are used and compared with respect to control effort. Mesicopters are always
affected by uncertainties. Classical approach is not able to properly compensate these effects. To
overcome this problem, model reference adaptive control is used with three different types based
on single-input single-output linear equations, multiple-input multiple-output linear equations
and nonlinear multiple-input multiple-output equations. Based on the simulation results, the
adaptive control method with estimation mechanism improved performance, attitude
stabilization and control of system states in different conditions. Stability is guaranteed by
Lyapunov stability theory. Results demonstrate good performance of adaptive control for
parameter uncertainty compensation.
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Î z
I z

0 100 200 300
-0.5

0

0.5

1

1.5

 t (s)

 m
  (

kg
)

 

 

m̂
m

0 10 20 30
-30

-20

-10

0

10

20

 t (s)

 u
 (N

.m
)

0 10 20 30
-20

-10

0

10

20

30

 t (s)

 u
 (N

.m
)

0 10 20 30
-40

-20

0

20

40

 t (s)

 u
 (N

.m
)

0 10 20 30
-5

0

5

10

 t (s)
 u

z (N
)



    

      

  

12  139415 5  

0
0
0
0

A

0
1

0
0
1
0

m

B
xx

yy

zz

0

0
1 0

0
1 0

0
1

I

I

I

C

0
0
0
0

 

  4-7 
 :   

2
0 0

0
0

mA
2
0 0

0
0
0

xw

2
0 0

2
0 0

2
0

2
0

2
0

2
0

0
0
0
0
0
0
0

mB

0  
  

8 -   
[1] K. Valavanis, Advances in unmanned aerial vehicles: State of the art and

the road to autonomy, ser. Microprocessor-based and intelligent systems
engineering, Springer-Verlag, Berlin, 2007.

[2] K. Alexis, G. Nikolakopoulos, A. Tzea, Constrained optimal attitude control
of quadrotor helicopter subject to wind-gusts: experimental studies,
American Control Conference Baltimore, pp. 4451 4455, 30 June- July
2010. 

[3] E. Davoodi, M. Rezaei, Dynamic modeling, simulation and control of
quadrotor using MEMS sensors’ experimental data, Modares Mechanical
Engineering Vol. 14, No. 3, pp. 176-184, 2014. (In Persian)

[4] S. Bouabdallah, P. Murrieri, R. Siegwart, design and control of an indoor
micro quadrotor, Proceedings of the IEEE International Conference of
Robotic and Automatic, Vol.5, pp. 4393-4398, New Orleans, 26 April-
May 2004.

[5] S. Agostino, M. Mammone, M. Nelson, T. Zhou, Classification of unmanned
air vaehicles, Technical Academic Report, under the guidance of Dr
Maziar Arjomandi, Aeronautical Engineering Department, University of
Adelaide, Australia.

[6] S. Bouabdallah, A. Noth, R. Siegwart, PID vs LQ control techniques applied
to a indoor micro quadrotor, in proceedings of IEEE International
Conference on Intelligent Robots and Systems IROS pp. 2451–2456, 2004. 

[7] A. Benallegue, A. Mokhtari, L. Fridman, Feedback linearization and high
order sliding mode observer for quadrotor UAV, Proc. Of the
International Workshop on Variable Structure Systems pp. 365-372, 2006. 

[8] Miller, K.. Path tracking control for quadrotor helicopters. Computing
Control Engineering Journal, 2008. 

[9] J. Friis, E. Nielsen, R. F. Andersen, J. Boending, A. Jochumsen, A. Friis, 
Autonomous landing on moving platform, control engineering, 8th

Semester Project, Aalborg University, Denmark, 2009.
[10] C. Siyuan, Z. Ting, C. Yanchun, C. Jianliang, S. Junyi, L. Jin, research on

quadrotor attitude control based on Fuzzy-PI method, Control
Conference (CCC) pp. 3548 3551 31st Chinese, 25-27 July 2012. 

[11] S. Stevanovic, J. Kasac, J. Stepanic, Robust tracking control of quadrotor
helicopter without velocity measurment, Proceedings of the 23rd

International DAAAM Symposium Volume 23, No.1, 2012.
[12] Z. Fang, W. Gao, Adaptive integral backstepping control of micro-

quadrotor. In international Conference on In Intelligent Control and
Information Processing (ICICIP) IEEE Vol. 2, pp. 910-915, July, 2011.

[13] G. Fay, Derivation of the aerodynamic forces for the mesicopter
simulation Stanford University, USA, 2001. 

[14] S. Bouabdallah, R. Siegwart Full control of quadrotor. In international
conference on Intelligent robots and systems IROS, IEEE/RSJ pp. 153-
158, October, 2007. 

[15] C. T. Chen, Linear System Theory and Design, Third ed, pp. 125-200,
Oxford university, press 1999.

[16] D. E. Kirk, Optimal Control Theory An Introduction Second ed, pp. 184-
230 dover publications 2004. 

[17] K. J. Slotine, W. Li, Applied Nonlinear Control. Prentice Second ed Hall
Englewood Cliffs, N.J. 1991. 

[18] P. Ioannou, B. Fidan, Adaptive Control Tutorial Advances in Design and
control Third ed, SIAM, PA, 2006.

[19] B. C. Min, J. H. Hong, and E. T. Matson, Adaptive robust control (ARC)
for an altitude control of quadrotor type UAV carrying an unknown
payloads. 11th International Conference on Control, Automation and
Systems (ICCAS), IEEE pp. 1147-1151, October, 2011. 

[20] C. Diao, B. Xian, Q. Yin, W. Zeng, H. Li, Y. Yang, Nonlinear adaptive
control approach for quadrotor UAVs. In 8th Control Conference (ASCC),
IEEE, pp. 223-228, 2011.

  


