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 دهيچک

 واژگان کليدي

 مقدمه. 1

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

 

 هوافضا يدانش و فناور نشرية علمي پژوهشي 110
 

حی
طرا

 
رلر

کنت
 

ت
گش

بر
 به 

ب
عق

 
ت

قوي
ت

ده
ش

 
قی

طبي
ت

 و 
وم

مقا
 

اي
بر

 
ت

ربا
اي

ه
 

ده
پرن

 
خه

رمل
چها

 

 

PID

 

PSO

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

 

 111 1396سال ششم، شمارة اول، بهار و تابستان 
 

مد
مح

 
دي

حم
م

 
ی،

ستان
اتغ

قن
 

ضا
ر

 
نی

هقا
د

 

2L

h

a

E={X,Y,Z}

B={x,y,z}

های مختصات اينرسي وبدني و دستگاهملخه . نمايي از ربات چهار1شکل 

F 



𝐹 = 𝐾𝑡Ω
2 

𝜏 = 𝐾𝑑Ω
2

 ktkd

      

 

𝑅(, 𝛳, 𝜑) = 

[

𝐶𝐶𝛳 𝑆𝐶𝛳 −𝑆𝛳
𝑆𝛳𝑆𝜑𝐶 − 𝐶𝜑𝑆 𝑆𝛳𝑆𝜑𝑆Ѱ + 𝐶𝜑𝐶 𝑆𝐶𝛳
𝑆𝛳𝐶𝜑𝐶 + 𝑆𝜑𝑆 𝑆𝛳𝐶𝜑𝐶 − 𝑆𝜑𝑆 𝐶𝜑𝐶𝛳

] 

CS

q



𝒒 = ((𝑷𝑂
𝐸)𝑇 , ϒ𝑇)𝑇 

 = ((𝑽𝑂
𝐵
)
𝑇
, (𝝎𝐵)

𝑇
)
𝑇

 PO
E =(X,Y,Z)T

o VO
B=(vx,vy,vz)T

ωB=(p,q,r)T

=(φ,𝛳,)T

(4) 𝝎𝐵 = [

1 0 −𝑆𝛳
0 𝐶𝜑 𝑆𝛳𝐶𝜑

0 −𝑆𝛳 𝐶𝛳𝐶𝜑

] [

̇

̇
̇

] = 𝑱()̇ 

(5)  = [
𝑹() 𝟎
𝟎 𝑱()

] �̇� = 𝒀�̇� 
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(6) 

𝑑

𝑑𝑡
(
𝜕𝑙

𝜕
) +

𝜕𝑙

𝜕
[(�̇� −

𝜕

𝜕𝒒
)𝒀−1] 

                −
𝜕𝑙

𝜕𝒒
𝒀−1 = 𝑸 

𝑙 = 𝑇 − 𝑈TU

Q

(7) 𝑸 =

(

 
 
 
 

0
0

−𝐾𝑡(Ω1
2 + Ω2

2 + Ω3
2 + Ω4

2)

−𝐿𝐾𝑡(Ω2
2 − Ω4

2)

−𝐿𝐾𝑡(Ω3
2−Ω1

2)

−𝐾𝑑(Ω1
2 − Ω2

2 + Ω3
2 − Ω4

2))

 
 
 
 

 

𝑴(𝒒)̇ + 𝒉(𝒒, �̇�) = 𝑩 

 = (Ω1
2, Ω2

2, Ω3
2, Ω4

2)
𝑻

 
𝑴 ∈ ℝ𝟔×𝟔 , 𝒉 ∈ ℝ𝟔×𝟏 , 𝑩 ∈ ℝ𝟔×𝟒   

M  h 
B

     

        

         

        

      

        

   

(BC)

BC

X=(T,qT)T

 �̇� = (
𝑴−1(𝑩 − 𝒉)

𝒀−1
)

 qc ∈ ℝ
𝟒×𝟏

qc
de=qc

d-qc

e1=qc1
d -qc1

ė1=q̇c1
d -q̇c1

V1(e1)=
1
2

e1
2

 �̇�1(𝑒1) = 𝑒1(�̇�𝑐1
𝑑 − �̇�𝑐𝟏)

μ1

 𝜇1 = �̇�𝑐1
𝑑 + 𝐾1𝑒1

K1

μ1

 μ1
dμ1

qc1qc1
d

e2=μ1-q̇c1

𝑉2(𝑒1, 𝑒2) = 𝑉1(𝑒1) +
1

2
𝑒2
2

�̇�2(𝑒1, 𝑒2) = 𝐾1(𝑒2
2 − 𝑒1

2)

           +𝑒1. 𝑒1(1 − 𝐾1
2) + 𝑒2(�̈�𝑐1

𝑑 − �̈�𝑐1)

e3V3

𝑒3 = 𝑞𝑐2
𝑑 − 𝑞𝑐𝟐
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𝑉3(𝑒1, 𝑒2, 𝑒3) = 𝑉2(𝑒1, 𝑒2) +
1

2
𝑒3
2

V3

�̇�3(𝑒1, 𝑒2, 𝑒3) = �̇�2(𝑒1, 𝑒2) 

                         +𝑒3(�̈�𝑐2
𝑑 − �̈�𝑐2)

μ2

 𝜇2 = �̇�𝑐2
𝑑 + 𝐾2𝑒3

μ2

 μ2
dμ2

qc2qc2
d

e2=μ2-q̇c2

𝑉4(𝑒1, 𝑒2, 𝑒3, 𝑒4) = 𝑉3(𝑒1, 𝑒2, 𝑒3) +
1

2
𝑒4
2

�̇�4(𝑒1, 𝑒2, 𝑒3, 𝑒4) =  �̇�2(𝑒1, 𝑒2)

          +𝐾2(𝑒4
2 − 𝑒3

2) + 𝑒3. 𝑒4(1 − 𝐾2
2)

          +𝑒4(�̈�𝑐2
𝑑 − �̈�𝑐2)

𝑒5 = 𝑞𝑐3
𝑑 − 𝑞𝑐𝟑 

𝑒6 = 𝑞𝑐4
𝑑 − 𝑞𝑐𝟒

 e7=μ3-q̇c3 

e8=μ4-q̇c4 

𝜇3 = �̇�𝑐3
𝑑 + 𝐾3𝑒5 

𝜇4 = �̇�𝑐4
𝑑 + 𝐾4𝑒6

 
𝑉5(𝑒) =∑

1

2
𝑒𝑖
2

8

𝑖=1

�̇�5(𝑒) =∑𝑒𝑖

8

𝑖=1

�̇�𝑖 = −∑𝐾𝑖𝑒2𝑖−1
2

4

𝑖=1

        +∑𝐾𝑖𝑒2𝑖
2

4

𝑖=1

−∑𝐾𝑖
2

4

𝑖=1

𝑒2𝑖−1𝑒2𝑖

        +∑𝑒2𝑖−1𝑒2𝑖

4

𝑖=1

+∑𝑒2𝑖

4

𝑖=1

(�̈�𝑐𝑖
𝑑 − �̈�𝑐𝑖)

𝒒𝑐 = 𝐀𝒒   ,   𝒒𝑐 ∈ ℝ
𝟒×𝟏

A 

�̈�𝑐 = A�̈� 

q̈

�̈� = 𝑌−1̇+ �̇��̇�

̇

�̈�𝑐 = �̅� + ℎ̅

�̅� = 𝐴𝑌−1𝑀−1𝐵 
ℎ̅ = 𝐴𝑌 ̇ �̇� − 𝐴𝑌−1𝑀−1ℎ

 q̈c

V̇5 

�̇�5(𝑒) = −∑𝐾𝑖𝑒2𝑖−1
2

4

𝑖=1

+∑𝐾𝑖𝑒2𝑖
2

4

𝑖=1

            −∑𝐾𝑖
2

4

𝑖=1

𝑒2𝑖−1𝑒2𝑖 +∑𝑒2𝑖−1𝑒2𝑖

4

𝑖=1

+∑𝑒2𝑖

4

𝑖=1

(�̈�𝑐𝑖
𝑑 − �̅�𝒊− ℎ̅𝑖)

B̅iiB̅h̅ii

  h̅

 = (�̅�)−1{�̈�𝑐
𝑑 + 𝐾�̅� − ℎ̅}

e̅=(e2,e4,e6,e8)T K ∈ ℝ𝟒×𝟒

min 𝐽0 = ∫ ‖𝐸(𝑡)‖
𝑡1

𝑡0

𝑑𝑡            𝑠. 𝑡 

Ẋ= (
𝑀−1[𝐵(�̅�)−1(�̈�𝑐

𝑑 + 𝐾�̅� − ℎ̅) − ℎ]

𝑌−1
)

 
−𝑘𝑖 < 0      𝑖 = 1,… ,4 

−𝐾𝑖𝑖 < 0      𝑖 = 1,… ,4 
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E=(e1,e3,e5,e7)T

EBC

  h̅h̅i=i
TSi+̅iSi(𝑡) ∈ ℝ

𝑛𝑖

i ∈ ℝ
𝑛𝑖̅i

𝑛𝑖

i   h̅

 = (�̅�)−1{�̈�𝑐
𝑑 + 𝐾�̅� − ℎ̂}

ĥ h̅

ℎ̂𝑖 = ̂𝒊
𝑻
𝑺𝒊

̂𝑖i

𝑉6(𝑒1, 𝑒2, … , 𝑒6) = 𝑉5(𝑒1, … , 𝑒5)

+
1

2
∑ ̃𝑖

𝑇
𝑖
−1

4

𝑖=1

̃𝑖

̃i=̂i-ii ∈ ℝ
𝒏𝒊×𝒏𝒊

i=iIni×ni
𝑉6

�̇�6(𝑒1, 𝑒2, . . , 𝑒6) = −∑𝐾𝑖𝑒2𝑖−1
2

4

𝑖=1

      −∑𝐾𝑖
2

4

𝑖=1

𝑒2𝑖−1𝑒2𝑖 +∑𝑒2𝑖−1𝑒2𝑖

4

𝑖=1

      +∑𝐾𝑖𝑒2𝑖
2

4

𝑖=1

+∑ ̃𝑖
𝑇
(𝑒𝑖𝑆𝑖 + 𝑖

−1̇̂𝑖)

4

𝑖=1

 −∑𝑒2𝑖(̅𝑖 + 𝑑𝑖)

4

𝑖=1

                         

−∑𝐾𝑖𝑖

4

𝑖=1

𝑒2𝑖
2                                      

𝑑𝑖

̇̂𝒊 = 𝑝𝑟𝑜𝑗  𝑖(̂𝑖 , 𝑒2𝑖𝑆𝑖 , 𝑓𝑖)   𝑖 = 1,… ,4

𝑝𝑟𝑜𝑗  𝑖   

      = {
𝑎 − 𝑏   𝑖𝑓   𝑒2𝑖𝑆𝑖

𝑇i𝛁𝑓𝑖 , 𝑓𝑖  > 0
 

𝑎                          𝑒𝑙𝑠                   

b=e2iiSi
∇fi.∇fi

T

∇fi
T.∇fi

iSifia=e2iiSi 

∇fi =
𝜕𝑓𝑖

𝜕𝑖
fi

𝑓𝑖 =
‖̂𝑖‖

2
− (‖̂𝑖‖𝑀 − )2

2‖̂𝑖‖𝑀 − 2

̃𝒊
𝑻
[𝒊
−𝟏𝑝𝑟𝑜𝑗 𝑖(̂𝑖 , 𝑒2𝑖𝑆𝑖, 𝑓𝑖) + 𝑒2𝑖𝑆𝑖] ≤ 0

𝑉6

V̇6

�̇�6(𝑒1, 𝑒2, . . , 𝑒6) ≤ −∑𝐾𝑖𝑒2𝑖−1
2

4

𝑖=1

              −∑𝐾𝑖
2

4

𝑖=1

𝑒2𝑖−1𝑒2𝑖   

             +∑𝑒2𝑖−1𝑒2𝑖

4

𝑖=1
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             −∑𝑒2𝑖(̅𝑖 + 𝑑𝑖)

4

𝑖=1

+∑𝐾𝑖𝑒2𝑖
2

4

𝑖=1

 −∑𝐾𝑖𝑖

4

𝑖=1

𝑒2𝑖
2    

�̇�6(𝑒1, 𝑒2, . . , 𝑒6) ≤ −∑(𝐾𝑖−𝐾𝑖𝑖)𝑒2𝑖
2

4

𝑖=1

        +∑
|1 − 𝑘𝑖

2|

2
(
𝜌2𝑖
2

𝜌𝑖
+ 𝜌𝑖𝑒2𝑖−1

2 )

4

𝑖=1

 

       +∑
1

2
(
𝜌2𝑖
2

𝜌4+𝑖
+ 𝜌4+𝑖|𝑖|𝑀

2 )

4

𝑖=1

     

    +∑
1

2
(
𝜌2𝑖
2

𝜌8+𝑖
+ 𝜌8+𝑖|𝑑𝑖|𝑀

2 )           

4

𝑖=1

      −∑𝐾𝑖𝑒2𝑖−1 
2

4

𝑖=1

                                         

 

𝜌𝑖(𝑖 = 1,… ,4)

(1 − 𝑘𝑖
2)𝑒2𝑖−1𝑒2𝑖 ≤

|1 − 𝑘𝑖
2|

2
(
𝜌2𝑖
2

𝜌𝑖
+

               𝜌𝑖𝑒2𝑖−1
2 )

−𝑒2𝑖𝑖 ≤
1

2
(
𝜌2𝑖
2

𝜌4+𝑖
+ 𝜌4+𝑖|𝑖|𝑀

2 )

−𝑒2𝑖𝑑𝑖 ≤
1

2
(
𝜌2𝑖
2

𝜌8+𝑖
+ 𝜌8+𝑖|𝑑𝑖|𝑀

2 )

�̇�6(𝑒1, 𝑒2, . . , 𝑒6) ≤ −∑(𝐾𝑖 −

4

𝑖=1

        𝜌𝑖
|1 − 𝑘𝑖

2|

2
)𝑒2𝑖−1
2 −∑(𝐾2𝑖−𝐾𝑖 −

4

𝑖=1

|1 − 𝑘𝑖
2|

2𝜌𝑖
−

1

𝜌4+𝑖
−

1

𝜌8+𝑖
)𝑒2𝑖
2 + μ

μ=∑ (
1

2
𝜌4+𝑖|𝑖|𝑀

2 + 𝜌8+𝑖|𝑑𝑖|𝑀
2 )4

𝑖=1

|∎|𝑀 = 𝑀𝑎𝑥(|∎|)

𝛿𝑖 ,𝑖

 𝑖 = 𝑘𝑖 + 𝜌𝑖
|1 − 𝑘𝑖

2|

2
         𝑖 = 1,… ,4 

𝛿𝑖 =∑(𝐾2𝑖−𝐾𝑖 −
|1 − 𝑘𝑖

2|

2𝜌𝑖
−

4

𝑖=1

                  
1

2𝜌4+𝑖
−

1

2𝜌8+𝑖

�̇�6(𝑒1, 𝑒2, . . , 𝑒6) ≤ −∑ 𝑖

4

𝑖=1

𝑒2𝑖−1
2

−∑𝛿𝑖

4

𝑖=1

𝑒2𝑖
2 + μ

 = min{𝛿𝑖 ,𝑖    ,   𝑖 = 1,… ,4}

�̇�6(𝑒1, 𝑒2, . . , 𝑒6) ≤ −∑𝑒𝑖
2 +  μ

8

𝑖=1

�̇�6(𝑒1, . . . , 𝑒6) ≤ −2𝑉6(𝑒1, … , 𝑒6) +  μ

𝑉6(𝑒1, 𝑒2, … , 𝑒6) ≤ 𝑉6(0)𝑒
−2𝑡 +

μ

2
𝑡 → ∞𝑉6

μ

2
μ

2

�̇�6 ≤ 0𝑉6

BC

EBC BC

EBC

BC

d=d=d=0 
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 [24] چهارملخه ة. پارامترهای ربات پرند1جدول 

kg 
 kg 

m 
 m

N.s2 
N.s2 

y,x kg/m2 
zkg/m2 

zkg/m2 

𝑍𝑑(𝑡):

{
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
−5                 0 ≤ 𝑡 ≤ 5                

                 
−0.4𝑡 − 3      5 ≤ 𝑡 ≤ 10                

              
−7                  10 ≤ 𝑡 ≤ 15               

             
0.4𝑡 − 13      15 ≤ 𝑡 ≤ 20              

            
−5                   20 ≤ 𝑡 ≤ 25             

             
−0.4𝑡 + 5     25 ≤ 𝑡 ≤ 30              

          
−7                   30 ≤ 𝑡 ≤ 35              

         
−0.4𝑡 − 21   35 ≤ 𝑡 ≤ 40              

          
−5                    40 ≤ 𝑡 ≤ 45             

BC

𝐾 = 𝑑𝑖𝑎𝑔([6.761,3.189,3.602,2.673]) 
𝐾1 = 6.173      , 𝐾2 = 4.222

 𝐾3 = 2.934      , 𝐾4 = 3.952

 

 𝐽0. تغييرات تابع هدف  2شکل

 دنبال کردن مسير ة. نحو3شکل
 

0 10 20 30 40 50

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

Generation

F
it

n
e
s
s
 v

a
lu

e

Best Fitness Value: 1.61271e-13 
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 دنبال کردن مسير ة. نحو5شکل  های کنترلر . ورودی 4شکل 

EBC

EBC

i=0.1  (i=1,…,4)

‖i‖M=1i=1

h̅

h̅

1h

‖1‖M

EBC

K=20 I4×4ki=5  (i=1,…,4)

‖1‖M

1=2=3=4=0.11=2=3=4=1

‖2‖M = ‖3‖M = ‖4‖M = 1

error=Zd-Z

‖1‖M = 0.1

‖1‖MEBC

EBC
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qc
d=[Z,,,]T=[-25,15o,5o,10o]T 

K𝐸=5 I4×4
 ki=5  (i=1,…,4)

 
XY

i=0.1  (i=1,…,4) ‖i‖M=3

i=5

EBC

 های غيرخطي . مقادير واقعي و تخمين زده شده عبارت7شکل  های کنترل . ورودی6شکل 
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 دنبال کردن مسير ةبر نحو 1‖M‖ ثير پارامترأ. ت8شکل 

 منقطع، خط نقطه و ؛ خطوطخط توپر معرف مسير مطلوب

باشند مي 1‖M‖برای  20و  10،  1/0ترتيب متناظر با مقادير  نقطه چين به

 دنبال کردن مسير ة. نحو9شکل 

 در اغتشاش باد EBCبا اعمال کنترلر 

[1] G. Hoffmann, H. Huang, S. Waslander, C. 
Tomlin, Quadrotor helicopter flight dynamics and 
control: theory and experiment, Proc. AIAA 

Guidance, Navigation and Control Conference, 
2007. 

[2] S. Bouabdallah, A. Noth, R. Siegwart, design and 
control of quadrotor with application to 
autonomous flying, IEEE/RSJ International 

Conference on Intelligent Robots and Systems 

Proceeding, 2007. 
[3] A. Benallegue, A. Mokhtari, L. Fridman, High-

order sliding mode observer for a quadrotor 
UAV, international journal of robust and 

nonlinear control, 2007. 
[4] J. Kim, M. sung Kang, S. Park, Accurate 

Modeling and Robust Hovering Control for a  
Quadrotor VTOL Aircraft, J Intell Robot Syst, 
Vol. 57, pp. 9–26, 2010. 

[5] D. Lee, H. Jin Kim, S. Sastry, Feedback 
linearization vs. adaptive Sliding mode control 

for quadrotor helicopter, International Journal of 

Control, Automation and Systems, Vol. 7, pp. 
419-428, 2009. 

[6] H. Voos, Nonlinear Control of Quadrotor Micro 
UAV using Feedback-Linearization, In 

Proceedings of the IEEE International 

Conference on Mechatronics Malaga, Spain, 
2009. 

[7] T. Sangyam, T, P. Laohapiengsak, W. 
Chongcharoen, Path Tracking of UAV Using 
Self-Tuning PID Controller Based on Fuzzy 
Logic, SICE Annual Conference Taipei, Taiwan 
2010. 

[8] M. Santos, V. Lopez, F. Morata, Intelligent Fuzzy 
Controller of Quadrotor, IEEE, p. 141-146, 2010. 

[9] M. Guisser, H. Medromi, A high gain observer 
and sliding mode controller for an autonomous 
quadrotor helicopter, International Journal of 

Intelligent Control and Systems. Vol. 14, No. 3, 
pp. 204-212, 2009. 

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

 

 هوافضا يدانش و فناور نشرية علمي پژوهشي 120
 

حی
طرا

 
رلر

کنت
 

ت
گش

بر
 به 

ب
عق

 
ت

قوي
ت

ده
ش

 
قی

طبي
ت

 و 
وم

مقا
 

اي
بر

 
ت

ربا
اي

ه
 

ده
پرن

 
خه

رمل
چها

 

[10] L. Luque Vega, B. Castillo-Toledo, Robust 
block second order sliding mode control for a 
quadrotor, Journal of the Franklin Institute, 2011. 

[11] G. Hoffmann, H. Huang ,S. Waslander, C. 
Tomlin, Precision flight control for a multi-
vehicle quadrotor  helicopter testbed, Control 

Engineering Practice, Vol. 19, pp. 1023–1036, 
2011. 

[12] P. Martin, E. Salaun, The True Role of 
Accelerometer Feedback in Quadrotor Control, 
Proc. Int. Conf. Robotics And Automation (ICRA), 
pp. 1623-1629, 2010. 

[13] J. Ajmera, V. Sankaranarayanan, Point-to-Point 
Control of a Quadrotor: Theory and Experiment, 
IFAC-PapersOnLine, Vol. 49, No. 1, pp. 401–
406, 2016. 

[14] P. Kokotovic, M. Arcak, Nonlinear and 
Adaptive Control: An Abbreviated Status Report, 
The 9th Mediterranean Conference on Control and 
Automation Dubrovnik, Croatia, June 2001. 

[15] F. Mazenc, A. Iggidr, Backstepping with 
bounded feedbacks, Systems & Control Letters, 
Vol. 51, pp. 235-245, 2004. 

[16] A. Ahmad, M. Wang Daobo, Modeling and 
Backstepping-based Nonlinear Control Strategy 
for a 6 DOF Quadrotor Helicopter, Chinese 

Journal of Aeronautics, Vol. 21, pp. 261-268, 
2008. 

[17] M. Ariffanan Mohd Basri, A. Rashid Husain, K. 
A. Danapalasingam, Enhanced Backstepping 
Controller Design with Application to 
Autonomous Quadrotor Unmanned Aerial 
Vehicle, J Intell Robot Syst, Vol. 79, pp. 295–
321, 2015. 

[18] S. Nadda, A. Swarup, Development of 
Backstepping Based Sliding Mode Control for a 

Quadrotor, International Colloquium on Signal 

Processing & its Applications (CSPA), 7-9 Mac, 
Kuala Lumpur, Malaysia, 2014. 

[19] H. Ramirez-Rodriguez, V. Parra-Vega, A. 
Sanchez-Orta, O. Garcia-Salazar, Robust 
Backstepping Control Based on Integral Sliding 
Modes for Tracking of  Quadrotors, J Intell Robot 

Syst, Vol. 73, pp. 51-66, 2013. 
[20] L. Chang Lin, W. Cong Xu, Modeling and 

Adaptive Backstepping Control for Quadrotor 
Robots with Blade Flapping, International 

Journal of Mechanical Systems Engineering,  

IJMSE, an open access journal, Vol. 2, 2016. 
[21] R. S. Athulya, C. R. Ashima, Adaptive 

Backstepping Control of Quadrotor Unmanned 
Aerial Vehicles, International Advanced 
Research Journal in Science, Engineering and 

Technology National Conference on Emerging 

Trends in Engineering and Technology, Vol. 3, 
Special Issue 3, August 2016. 

[22] P.C. Chen, A. C. Huang, Adaptive Sliding 
Control of Active Suspension Systems based on 
Function Approximation Technique, Journal of 

Sound and Vibration, Vol. 282, No. 3-5, pp. 
1119-1135, 2005. 

[23] E. Lavretsky, T. E. Gibson, Projection operator 
in adaptive systems, arXiv preprint 

arXiv:1112.4232, 2011. 
[24] D. Zhang, H. Qi, X. Wu, Y. Xie, J. Xu, The 

Quadrotor Dynamic Modeling and Indoor Target 
Tracking Control Method, Mathematical 

Problems in Engineering, Article ID 637034, 
2014. 

[25] H. Baruh, Analytical dynamics. Boston: 
McGraw-Hill, 1999. 

 

نوشت يپ

                                                            
1. quadrotor 
2. feedback linearization method 
3. fuzzy logic 
4. sliding mode 
5. backstepping method 
6. projection operator 

 
 

                                                                                      
 
 

www.SID.ir

WWW.SID.IR
WWW.SID.IR

