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 هاي پاسخ کنترلر به ورودي پله براي کنترل ياومشخصه .3جدول 

Ess ts tr Mp (%) KIKDKp

 GA PID

PSO PID

HS PID

 نحوة قرارگيري ربات روي پايه با سه درجه آزادي .8 شکل

 قرارگيري ربات روي پايه با يک درجه آزادي ةنحو .9 شکل

DC

PWM

 

PWM

PWM

(ESC)

IMU

GY80

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

 

 هوافضا يدانش و فناور علمي پژوهشينشرية  62
 

تم
وري

الگ
رد 

لک
عم

ي 
ليل

تح
ي 

رس
بر

ينه
 به

 بر
ري

کا
 ابت

فرا
ي 

ها
وره

روت
هار

د چ
هپا

ر پ
ترل

 کن
رد

لک
عم

ي 
ساز

 

IMU

ADC

g

 Racc

Rgyro

Rest

gyro
weight

 

gyro

gyrogyroacc

est
weight

weightRxRx
Rx






1

gyro

gyrogyroacc

est
weight

weightRyRy
Ry






1

gyro

gyrogyroacc

est
weight

weightRzRz
Rz






1

PID

 آزمايشگاهي ة. بلوک دياگرام نمون10شکل 

PID

سنجشتاب  

 سه محوره

 ژيروسکوپ

 سه محوره

Set Points 

ميکروکنترلر
 

ESC 

ESC 

ESC 

ESC 

1موتور   

2موتور   

3موتور   

4موتور   

x 
y 
z 

x 
y 
 z 

𝜑 
𝜃 
𝜓 

 GY80 حسگر

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

 

 63 1395سال پنجم، شمارة دوم، پاييز و زمستان 
 

ني
يک

د ت
وحي

ي، 
باز

شه
د 

حام
 

 خروجي حسگرها و فيلتر کالمن در حالت موتور خاموش .11شکل 

 خروجي حسگرها و فيلتر کالمن در حالت موتور روشن .12شکل 

 
 آزمايش اول PIDنتايج تجربي کنترل زاويه با استفاده از کنترلر  .13شکل 

PID

𝜑
(R
ad
) 

Time(s) 

Gyroscope Output 

Kalman Filter 
Accelerometer Output 

𝜑
(R
ad
) 

Time(s) 

Gyroscope Output 

Kalman Filter 
Accelerometer Output 

𝜑
(R
ad
) 

Time(s) 

Set Point 
Kalman Filter 

Accelerometer Output 

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

 

 هوافضا يدانش و فناور علمي پژوهشينشرية  64
 

تم
وري

الگ
رد 

لک
عم

ي 
ليل

تح
ي 

رس
بر

ينه
 به

 بر
ري

کا
 ابت

فرا
ي 

ها
وره

روت
هار

د چ
هپا

ر پ
ترل

 کن
رد

لک
عم

ي 
ساز

 

PID

 آزمايش دوم PID. نتايج تجربي کنترل زاويه با استفاده از کنترلر 14شکل 

 
 با اعمال اغتشاش خارجي PIDنتايج تجربي کنترل زاويه با استفاده از کنترلر  .15شکل 

 

𝜑
(R
ad
) 

Time(s) 

Set Point 
Kalman Filter 

Accelerometer Output 

Accelerometer Output 
Kalman Filter 

Set Point 

Time(s) 

𝜑
 (
d
eg
re
e)

 

Disturbance 

Disturbance 

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

 

 65 1395سال پنجم، شمارة دوم، پاييز و زمستان 
 

ني
يک

د ت
وحي

ي، 
باز

شه
د 

حام
 

 -20 ةدر پاسخ به ورودي پله براي زاوي PIDتصاوير عملکرد کنترلر  ة. دنبال16شکل 

[1] Bouabdallah, Samir, Roland Siegwart, and Gilles 
Caprari. "Design and control of an indoor 
coaxial helicopter." In 2006 IEEE/RSJ 

International Conference on Intelligent Robots 

and Systems, pp. 2930-2935. IEEE, 2006. 
[2] Castillo, Pedro, Alejandro Dzul, and Rogelio 

Lozano. "Real-time stabilization and tracking of 
a four-rotor mini rotorcraft." IEEE Transactions 

on control systems technology 12, no. 4 (2004): 
510-516. 

[3] Li, Jun, and Yuntang Li. "Dynamic analysis and 
PID control for a quadrotor." In 2011 IEEE 

International Conference on Mechatronics and 

Automation, pp. 573-578. IEEE, 2011. 
[4] Erginer, Bora, and Erdinc Altug. "Modeling and 

PD control of a quadrotor VTOL vehicle." In 
2007 IEEE Intelligent Vehicles Symposium, pp. 
894-899. IEEE, 2007. 

[5] Erginer, Bora, and Erdinç Altuğ. "Design and 
implementation of a hybrid fuzzy logic 
controller for a quadrotor VTOL vehicle." 
International Journal of Control, Automation 

and Systems 10, no. 1 (2012): 61-70. 
[6] Sangyam, Theerasak, Pined Laohapiengsak, 

Wonlop Chongcharoen, and Itthisek 
Nilkhamhang. "Path tracking of UAV using self-
tuning PID controller based on fuzzy logic." In 

SICE Annual Conference 2010, Proceedings of, 
pp. 1265-1269. IEEE, 2010. 

[7] Efe, Mehmet Önder. "Neural network assisted 
computationally simple pi d control of a 
quadrotor UAV." IEEE Transactions on 

Industrial Informatics 7, no. 2 (2011): 354-361. 
[8] Altuğ, Erdinç, James P. Ostrowski, and Camillo 

J. Taylor. "Control of a quadrotor helicopter 
using dual camera visual feedback." The 

International Journal of Robotics Research 24, 
no. 5 (2005): 329-341. 

[9] Suter, David, Tarek Hamel, and Robert Mahony. 
"Visual servo control using homography 
estimation for the stabilization of an x4-flyer." In 
Decision and Control, 2002, Proceedings of the 

41st IEEE Conference on, vol. 3, pp. 2872-2877. 
IEEE, 2002. 

[10] Dunfied, J., M. Tarbouchi, and G. Labonte. 
"Neural network based control of a four rotor 
helicopter." In Industrial Technology, 2004. 

IEEE ICIT'04. 2004 IEEE International 

Conference on, vol. 3, pp. 1543-1548. IEEE, 
2004. 

[11] Earl, Matthew G., and Raffaello D’Andrea. 
"Real-time attitude estimation techniques 
applied to a four rotor helicopter." In 43rd IEEE 

Conference on Decision and Control. 2004. 

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

 

 هوافضا يدانش و فناور نشرية علمي پژوهشي 66
 

تم
وري

الگ
رد 

لک
عم

ي 
ليل

تح
ي 

رس
بر

ينه
 به

 بر
ري

کا
 ابت

فرا
ي 

ها
وره

روت
هار

د چ
هپا

ر پ
ترل

 کن
رد

لک
عم

ي 
ساز

 

[12] Lee, Daewon, H. Jin Kim, and Shankar Sastry. 
"Feedback linearization vs. adaptive sliding 
mode control for a quadrotor helicopter." 
International Journal of control, Automation and 

systems 7, no. 3 (2009): 419-428. 
[13] Erginer, Bora, and Erdinç Altuğ. "Design and 

implementation of a hybrid fuzzy logic 
controller for a quadrotor VTOL vehicle." 
International Journal of Control, Automation 

and Systems 10, no. 1 (2012): 61-70. 
[14] Sharma, Astha, and P. A. Barve. "Controlling of 

quad-rotor uav using pid controller and fuzzy 
logic controller." Int. J. Electr. Electron. 

Comput. Eng 1, no. 2 (2012): 38-41. 
[15] Wang, Li-Xin. "A course in fuzzy systems and 

control: Desing of Fuzzy Systems from Input-
Output Data." (1997). 

[16] Lee, Chuen-Chien. "Fuzzy logic in control 
systems: fuzzy logic controller. II." IEEE 

Transactions on systems, man, and cybernetics 
20, no. 2 (1990): 419-435. 

[17] Reznik, Leon. Fuzzy controllers handbook: how 

to design them, how they work. Newnes, 1997. 
[18] Fung, Eric Hoi-Kwun, Yiu-Kwong Wong, Yan 

Ma, Chun-Wah Marcus Yuen, and Wai-Keung 
Wong. "Smart hanger dynamic modeling and 
fuzzy controller design." International Journal 

of Control, Automation and Systems 9, no. 4 
(2011): 691-700. 

[19] Hafaifa, Ahmed, Ferhat Laaouad, and Kouider 
Laroussi. "A numerical structural approach to 
surge detection and isolation in compression 
systems using fuzzy logic controller." 

International Journal of Control, Automation 

and Systems 9, no. 1 (2011): 69-79. 
[20] Sugeno, M. "Development of an Intelligent 

Unmanned Helicopter, at the Fuzzy Modeling 
and Control." (1999). 

[21] Kadmiry, Bourhane, and Dimiter Driankov. 
"Fuzzy control of an autonomous helicopter." In 
IFSA World Congress and 20th NAFIPS 

International Conference, 2001. Joint 9th, pp. 
2797-2802. IEEE, 2001. 

[22] Cavalcante, Carla, Janette Cardoso, Josue JG 
Ramos, and Othon R. Neves. "Design and tuning 
of a helicopter fuzzy controller." In Fuzzy 

Systems, 1995. International Joint Conference of 

the Fourth IEEE International Conference on 

Fuzzy Systems and The Second International 

Fuzzy Engineering Symposium., Proceedings of 

1995 IEEE Int, vol. 3, pp. 1549-1554. IEEE, 
1995. 

[23] Vitzilaios, Nikos I., and Nikos C. 
Tsourveloudis. "An experimental test bed for 
small unmanned helicopters." Journal of 

Intelligent and Robotic Systems 54.5 (2009): 
769-794. 

[24] Garcia, R. D., and Kimon P. Valavanis. "The 
implementation of an autonomous helicopter 
testbed." In Unmanned Aircraft Systems, pp. 
423-454. Springer Netherlands, 2008. 

[25] Cowling, Ian D., James F. Whidborne, and 
Alastair K. Cooke. "Optimal trajectory planning 
and LQR control for a quadrotor UAV." In 
UKACC International Conference on Control. 
2006. 

نوشت يپ

www.SID.ir

WWW.SID.IR
WWW.SID.IR

