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 متحرک و ثابت يسکو بر شده چارچوب الصاق بااستوارت  يسکو .1 شکل

{𝐴}

{𝐵}

𝑅𝐵
𝐴

(𝜙, 𝜃, 𝜓)

𝑅𝐵
𝐴 = [

𝑟11 𝑟12 𝑟13

𝑟21 𝑟22 𝑟23

𝑟31 𝑟32 𝑟33

]  

)cos()cos(
11

r  

𝑟12 = sin(𝜙) sin(𝜃) cos(𝜓) − cos(𝜙) sin(𝜓) 
𝑟13 = cos(𝜙) sin(𝜃) cos(𝜓) + sin(𝜙) sin(𝜓) 
𝑟21 = cos(𝜃) sin(𝜓) 
𝑟22 = sin(𝜙) sin(𝜃) sin(𝜓) + cos(𝜙) cos(𝜓) 
𝑟23 = cos(𝜙) sin(𝜃) sin(𝜓) − sin(𝜙) cos(𝜓) 

𝑟31 = −sin(𝜙) 

𝑟32 = sin(𝜙) cos(𝜃) 
𝑟33 = cos(𝜙) cos(𝜃) 

𝑃𝐴

𝑅𝐵
𝐴

𝑙(= [𝑙1, 𝑙2, 𝑙3, 𝑙4, 𝑙5, 𝑙6]
𝑇)

 نمونه عملگر يبردار ةبست ةلق. ح2 شکل

𝑙𝑖 �̂�𝑖
𝐴 = 𝑃𝐴 + 𝑏𝑖

𝐴 − 𝑎𝑖
𝐴 = 𝑃𝐴 + 𝑅𝐵

𝐴 𝑏𝑖
𝐵  

 − 𝑎𝑖
𝐴 ,   𝑖 = 1,⋯ ,6 

𝑎𝑖𝑏𝑖𝑙�̂�𝑖

𝑃𝐴 (= [𝑥 𝑦 𝑧]𝑇)

{𝐵}𝐴

{𝐴}

𝑙�̇� (= [𝑙1̇, 𝑙2̇, 𝑙3̇, 𝑙4̇, 𝑙5̇, 𝑙6̇]
𝑇
)

�̇� (= [ 𝜔𝑇𝐴 , 𝑣𝐴
𝑝
𝑇]

𝑇
)𝑃

{𝐴}

𝑣𝑝
𝐴 + �̇�𝐵

𝐴 𝑏𝑖
𝐵 + 𝑅𝐵

𝐴 �̇�𝑖
𝐵 =

𝑙�̇� �̂�𝑖
𝐴 + 𝑙𝑖 �̇̂�𝑖

𝐴 + �̇�𝑖
𝐴   

𝑏𝑖
𝐵𝑎𝑖

𝐴
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𝑣𝑝
𝐴 + 𝜔𝐴 × 𝑏𝑖

𝐴 = 𝑙�̇� �̂�𝑖
𝐴 + 𝑙𝑖( 𝜔𝑖

𝐴 × �̂�𝑖
𝐴 )

𝑣𝑝
𝐴 (= [�̇� �̇� �̇�]𝑇)𝑃𝜔𝐴

{𝐴}

�̂�𝑖
𝐴

�̂�𝑖
𝐴 ∙ 𝑣𝑝

𝐴 + ( 𝑏𝑖
𝐴 × �̂�𝑖

𝐴 ) 𝜔𝐴 = 𝑙�̇�

𝑙�̇�(𝑖 = 1,⋯ ,6)

𝜔

𝑣𝑝
𝐴 (= [�̇�, �̇�, �̇�]𝑇)𝑃{𝐴}

𝐴

𝑙̇ = 𝐽1[𝜔 𝑣𝑝]𝑇

𝑣𝑝𝐽1

𝐽1 =

[
 
 
 
(𝑏1 × �̂�1)

𝑇

(𝑏2 × �̂�2)
𝑇

�̂�1
𝑇

�̂�2
𝑇

⋮
(𝑏6 × �̂�6)

𝑇
⋮
�̂�6

𝑇]
 
 
 

6×6

 

𝜔(�̇� �̇� �̇�)

[

𝜔𝑥

𝜔𝑦

𝜔𝑧

] = [

1 0 sin(𝜃)
0 cos(𝜙) − sin(𝜙) cos(𝜃)
0 sin(𝜙) cos(𝜙) cos(𝜃)

] [

�̇�

�̇�
�̇�

] 

𝑙̇ = (𝐽1𝐽2)[�̇� �̇� �̇� �̇� �̇� �̇�]𝑇

�̇��̇��̇��̇��̇��̇�

𝑃𝐽1𝐽2

𝐽2 = [

1 0 sin(𝜃)
0 cos(𝜙) − sin(𝜙) cos(𝜃)
0 sin(𝜙) cos(𝜙) cos(𝜃)

03×3

03×3 𝐼3×3

] 

[𝑙]̇ = [0][𝑋] + [𝐽][�̇�] 

𝑋(= [𝜙 𝜃 𝜓 𝑥 𝑦 𝑧]𝑇)

𝐽(= 𝐽1𝐽2)

 𝐽

𝑢𝑠(= [�̇� 𝑎𝑥]
𝑇)

{
�̇� = 𝜔
�̇� = 𝑢
�̇� = 𝑎𝑥

 

{
�̇�𝑙 = 𝐴𝑙𝑥𝑙 + 𝐵𝑙𝑢𝑠

𝑦𝑙 = 𝐶𝑙𝑥𝑙 + 𝐷𝑙𝑢𝑠
 

𝜃𝑥𝑢

𝐴𝑙𝐵𝑙𝐶𝑙𝐷𝑙

𝑥𝑙 = [𝜃 𝑥 𝑢 𝑙]𝑇

𝐴𝑙 = [

0
0
0

06×1

0
0
0

06×1

0
1
0

𝐽(: ,4)6×1

03×6

06×6

]

9×9

𝐵𝑙 = [

1
0
0

𝐽(: ,2)6×1

0
0
1

06×1

]

9×2

 

 

𝐶𝑙 = [
𝐼3×3 03×6

06×3 𝐼6×6
] 

𝐷𝑙 = [0]9×2

𝑖

𝑅𝑖: If  𝛿1 is 𝑀𝑖1 and and 𝛿𝑗 is 𝑀𝑖𝑗 ,   

THEN �̇�𝑖(𝑡) = 𝐴𝑖𝑥(𝑡) + 𝐵𝑖𝑢(𝑡) ,  

𝑖 = 1,⋯ , 𝑟

𝑟𝐴𝑖𝑖

𝐵𝑖𝑥(𝑡)

𝑢(𝑡)𝑀𝑖𝑗𝛿𝑖

𝑀𝑖𝑗

𝜇𝑖

𝛿𝑖
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𝑅𝑖

�̇�𝑖(𝑡) =
∑ 𝜇𝑖[𝛿(𝑡)][𝐴𝑖𝑥(𝑡) + 𝐵𝑖𝑢(𝑡)]𝑟

𝑖=1

∑ 𝜇𝑖[𝛿(𝑡)]𝑟
𝑖=1

𝜇𝑖[𝛿(𝑡)]

 [11] کانگ - سوگنو - ستم فازي تاکاگييساختار س. 3شکل 

∑ 𝜇𝑖[𝛿(𝑡)]
𝑟

𝑖=1
> 0,   

𝜇𝑖[𝛿(𝑡)] ≥ 0, ∀𝑖 = 1,⋯ , 𝑟 

𝜉𝑖[𝛿(𝑡)]

𝜉𝑖[𝛿(𝑡)] =
𝜇𝑖[𝛿(𝑡)]

∑ 𝜇𝑖[𝛿(𝑡)]𝑟
𝑖=1

0 ≤ 𝜉𝑖[𝛿(𝑡)] ≤ 1 ∑ 𝜉𝑖[𝛿(𝑡)]
𝑟

𝑖=1
= 1

𝜇𝑖[𝛿(𝑡)]

�̇�𝑖(𝑡) = ∑ 𝜉𝑖[𝛿(𝑡)][𝐴𝑖𝑥(𝑡) + 𝐵𝑖𝑢(𝑡)]
𝑟

𝑖=1
 

𝑦(𝑡) = ∑ 𝜉𝑖[𝛿(𝑡)][𝐶𝑖𝑥(𝑡)]
𝑟

𝑖=1

𝜃

𝑥

(𝑅1,⋯ , 𝑅4)

• R1: 

𝐈𝐟  𝜃  is  𝜇𝑚𝑖𝑛
𝜃   𝐚𝐧𝐝  𝑥  is  𝜇𝑚𝑖𝑛

𝑥 ,  

𝐓𝐇𝐄𝐍  �̇�1(𝑡) = 𝐴1𝑥(𝑡) + 𝐵1𝑢(𝑡)

• R2: 

𝐈𝐟  𝜃  is  𝜇𝑚𝑎𝑥
𝜃  𝐚𝐧𝐝  𝑥  is  𝜇𝑚𝑖𝑛

𝑥 ,  

𝐓𝐇𝐄𝐍  �̇�2(𝑡) = 𝐴2𝑥(𝑡) + 𝐵2𝑢(𝑡)

• R3: 

𝐈𝐟  𝜃  is  𝜇𝑚𝑖𝑛
𝜃  𝐚𝐧𝐝  𝑥  is  𝜇𝑚𝑎𝑥

𝑥 ,  

𝐓𝐇𝐄𝐍  �̇�3(𝑡) = 𝐴3𝑥(𝑡) + 𝐵3𝑢(𝑡) 

• R4:  

𝐈𝐟  𝜃  is  𝜇𝑚𝑎𝑥
𝜃  𝐚𝐧𝐝  𝑥  is  𝜇𝑚𝑎𝑥

𝑥 ,    

𝐓𝐇𝐄𝐍  �̇�4(𝑡) = 𝐴4𝑥(𝑡) + 𝐵4𝑢(𝑡)

𝐴𝑖𝐵𝑖

𝐽

𝑥𝜃

𝜇𝑚𝑖𝑛
𝜃𝜇𝑚𝑎𝑥

𝜃𝜇𝑚𝑖𝑛
𝑥𝜇𝑚𝑎𝑥

𝑥

𝑥θ

𝜇𝑚𝑖𝑛
𝜃

= {

𝜃𝑚𝑎𝑥 − 𝜃

𝜃𝑚𝑎𝑥 − 𝜃𝑚𝑖𝑛
, 𝜃𝑚𝑖𝑛 ≤ 𝜃 ≤ 𝜃𝑚𝑎𝑥

1, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

𝜇𝑚𝑎𝑥
𝜃 = 𝜇𝑚𝑎𝑥(𝜃) = 1 − 𝜇𝑚𝑖𝑛(𝜃)

𝜇𝑚𝑖𝑛
𝑥

= {

𝑥𝑚𝑎𝑥 − 𝑥

𝑥𝑚𝑎𝑥 − 𝑥𝑚𝑖𝑛
, 𝑥𝑚𝑖𝑛 ≤ 𝑥 ≤ 𝑥𝑚𝑎𝑥

1, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝜇𝑚𝑎𝑥
𝑥 = 𝜇𝑚𝑎𝑥(𝑥) = 1 − 𝜇𝑚𝑖𝑛(𝑥) 

𝜉𝑖(𝜃, 𝑥)

(𝜃𝑚𝑖𝑛, 𝑥𝑚𝑖𝑛)(𝜃𝑚𝑖𝑛, 𝑥𝑚𝑎𝑥)(𝜃𝑚𝑎𝑥, 𝑥𝑚𝑖𝑛)

(𝜃𝑚𝑎𝑥, 𝑥𝑚𝑎𝑥)

𝜉1(𝜃, 𝑥) = 𝜇𝑚𝑖𝑛(𝜃)𝜇𝑚𝑖𝑛(𝑥) 

 
𝜉2(𝜃, 𝑥) = 𝜇𝑚𝑖𝑛(𝜃)𝜇𝑚𝑎𝑥(𝑥) 

𝜉3(𝜃, 𝑥) = 𝜇𝑚𝑎𝑥(𝜃)𝜇𝑚𝑖𝑛(𝑥) 

𝜉4(𝜃, 𝑥) = 𝜇𝑚𝑎𝑥(𝜃)𝜇𝑚𝑎𝑥(𝑥) 

�̇�𝑖(𝑡) = ∑ 𝜉𝑖(𝜃, 𝑥)[𝐴𝑖𝑥(𝑡) + 𝐵𝑖𝑢(𝑡)]
4

𝑖=1
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𝑦(𝑡) = ∑ 𝜉𝑖(𝜃, 𝑥)𝐶𝑖𝑥(𝑡)
4

𝑖=1
  

[𝜃𝑚𝑖𝑛, 𝜃𝑚𝑎𝑥] ×

[𝑥𝑚𝑖𝑛, 𝑥𝑚𝑎𝑥]

𝑥𝜃

 حرکتي ةتوصيف فازي سينماتيک معکوس سامان. 4شکل 

𝑓(𝑚 𝑠2⁄ )

𝑓 = 𝑎 − 𝑔  

𝑔

𝑔𝐵 = 𝑅𝐴
𝐵 𝑔𝐴 = [

−𝑔 sin(𝜃)
𝑔 cos(𝜃) sin(𝜙)
𝑔 cos(𝜃) cos(𝜙)

]  

[

𝑓𝑥
𝑓𝑦
𝑓𝑧

] = [
𝑎𝑥 + 𝑔𝜃
𝑎𝑦 − 𝑔𝜙
𝑎𝑧 − 𝑔

]  

𝑓𝑥

𝑓𝑥

𝑓𝑥 =
𝑘(𝜏𝑎𝑠 + 1)

(𝜏𝐿𝑠 + 1)(𝜏𝑠𝑠 + 1)
𝑓𝑥  

𝜏𝑎𝜏𝐿𝜏𝑠𝑘

𝑓𝑥

{
�̇�𝑜𝑡 = 𝐴𝑜𝑡𝑥𝑜𝑡 + 𝐵𝑜𝑡𝑢

𝑓𝑥 = 𝐶𝑜𝑡𝑥𝑜𝑡 + 𝐷𝑜𝑡𝑢
  

𝑥𝑜𝑡

𝑢(= [�̇�, 𝑎𝑥]
𝑇)𝐴𝑜𝑡𝐵𝑜𝑡𝐶𝑜𝑡𝐷𝑜𝑡

𝐴𝑜𝑡 =

[
 
 
 
 −

𝜏𝑠 + 𝜏𝐿

𝜏𝑠𝜏𝐿
1 0

−
1

𝜏𝑠𝜏𝐿
0 1

0 0 0]
 
 
 
 

 

𝐵𝑜𝑡 =

[
 
 
 
 
 
 0

𝑘𝜏𝑎

𝜏𝑠𝜏𝐿

𝑔𝑘𝜏𝑎

𝜏𝑠𝜏𝐿

𝑘

𝜏𝑠𝜏𝐿

𝑔𝑘

𝜏𝑠𝜏𝐿
0

]
 
 
 
 
 
 

 

𝐶𝑜𝑡 = [1 0 0] 𝐷𝑜𝑡 = [0] 

�̂�

𝜔(𝑟𝑎𝑑 𝑠⁄ )
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�̂� =
𝑇𝐿𝑇𝑎𝑠

2

(𝑇𝐿𝑠 + 1)(𝑇𝑠𝑠 + 1)(𝑇𝑎𝑠 + 1)
𝜔 

𝑇𝑎𝑇𝐿𝑇𝑠

[

�̇�

�̇�
�̇�

] ≈ [

𝜔𝑥

𝜔𝑦

𝜔𝑧

]  

�̇�(= 𝜔𝑦)

{
�̇�𝑠𝑐 = 𝐴𝑠𝑐𝑥𝑠𝑐 + 𝐵𝑠𝑐𝑢

�̇̂� = 𝐶𝑠𝑐𝑥𝑠𝑐 + 𝐷𝑠𝑐𝑢
  

𝑥𝑠𝑐𝐴𝑠𝑐𝐵𝑠𝑐𝐶𝑠𝑐𝐷𝑠𝑐

𝐴𝑠𝑐 = [

−𝑇2 1 0
−𝑇1 0 1
−𝑇0 0 0

] 𝐵𝑠𝑐 = [
𝑇3 0
0 0
0 0

] 

𝐶𝑠𝑐 = [1 0 0] 𝐷𝑠𝑐 = [0] 

𝑇0 =
1

𝑇𝐿𝑇𝑠𝑇𝑎
 𝑇1 =

𝑇𝐿 + 𝑇𝑠 + 𝑇𝑎

𝑇𝐿𝑇𝑠𝑇𝑎
 

𝑇2 =
𝑇𝐿𝑇𝑠 + 𝑇𝐿𝑇𝑎 + 𝑇𝑠𝑇𝑎

𝑇𝐿𝑇𝑠𝑇𝑎
 𝑇3 =

𝑇𝐿𝑇𝑎

𝑇𝐿𝑇𝑠𝑇𝑎
 

{
�̇�𝑣 = 𝐴𝑣𝑥𝑣 + 𝐵𝑣𝑢
�̂�𝑣 = 𝐶𝑣𝑥𝑣 + 𝐷𝑣𝑢

  

𝑥𝑣�̂�𝑣

𝐴𝑣𝐵𝑣𝐶𝑣𝐷𝑣

𝐴𝑣 = [
𝐴𝑠𝑐 0
0 𝐴𝑜𝑡

] 𝐵𝑣 = [
𝐵𝑠𝑐

𝐵𝑜𝑡
] 

𝐶𝑣 = [
𝐶𝑠𝑐 0
0 𝐶𝑜𝑡

] 𝐷𝑣 = [
𝐷𝑠𝑐

𝐷𝑜𝑡
] 

 بين. تصوير مفهومي کنترل مدل پيش5شکل 

(𝑁𝑝𝑇𝑠)(𝑁𝑐𝑇𝑠)

𝑁𝑝𝑁𝑐

𝑇𝑠

𝑥𝑚(𝑘 + 1) = 𝐴𝑚𝑥𝑚(𝑘) + 𝐵𝑚𝑢(𝑘) 

𝑦(𝑘) = 𝐶𝑚𝑥𝑚(𝑘) 

∆𝑢∆𝑥𝑚

∆𝑢(𝑘) = 𝑢(𝑘) − 𝑢(𝑘 − 1)  

∆𝑥𝑚(𝑘) = 𝑥𝑚(𝑘) − 𝑥𝑚(𝑘 − 1) 

𝑥(𝑘) = [
∆𝑥𝑚(𝑘)

𝑦(𝑘)
]  

𝑥(𝑘 + 1) = 𝐴𝑥(𝑘) + 𝐵∆𝑢(𝑘)  

𝑦(𝑘) = 𝐶𝑥(𝑘) 

∆𝑢(𝑘) 𝑥(𝑘)
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𝐴 = [
𝐴𝑚 0𝑚

𝑇

𝐶𝑚𝐴𝑚 𝐼
]  

𝐵 = [
𝐵𝑚

𝐶𝑚𝐵𝑚
] 𝐶 = [0𝑚 𝐼] 

𝑁𝑝

𝑥(𝑘 + 𝑁𝑝|𝑘) = 𝐴𝑁𝑝𝑥(𝑘) + 𝐴𝑁𝑝−1𝐵∆𝑢(𝑘) + 

 

 𝐴𝑁𝑝−2𝐵∆𝑢(𝑘 + 1) + ⋯+ 

 𝐴𝑁𝑝−𝑁𝑐𝐵∆𝑢(𝑘 + 𝑁𝑐 − 1) 

𝑦(𝑘 + 𝑁𝑝|𝑘) = 𝐶𝐴𝑁𝑝𝑥(𝑘) + 𝐶𝐴𝑁𝑝−1𝐵∆𝑢(𝑘)  

 +𝐶𝐴𝑁𝑝−2𝐵∆𝑢(𝑘 + 1) + ⋯ 

 +𝐶𝐴𝑁𝑝−𝑁𝑐𝐵∆𝑢(𝑘 + 𝑁𝑐 − 1) 

𝑌 ∆𝑈

𝑌 = [

𝑦(𝑘 + 1|𝑘)
𝑦(𝑘 + 2|𝑘)

⋮
𝑦(𝑘 + 𝑁𝑝|𝑘)

]  

∆𝑈 = [

∆𝑢(𝑘)
∆𝑢(𝑘 + 1)

⋮
∆𝑢(𝑘 + 𝑁𝑐 − 1)

] 

𝑌𝑥 ∆𝑈

𝑌 = 𝐹𝑥(𝑘) + Φ∆𝑈  

𝐹Φ

𝐹 = [

𝐶𝐴
𝐶𝐴2

⋮
𝐶𝐴𝑁𝑝

] 

Φ = [

𝐶𝐵
𝐶𝐴𝐵

⋮
𝐶𝐴𝑁𝑝−1𝐵

⋯
𝐶𝐵
⋮

𝐶𝐴𝑁𝑝−2𝐵

0
⋯
⋱
⋯

0
0
⋮

𝐶𝐴𝑁𝑝−𝑁𝑐𝐵

] 

𝐽(∆𝑈) = (𝑌𝑟𝑒𝑓 − 𝑌)
𝑇
𝑄(𝑌𝑟𝑒𝑓 − 𝑌)  

 +∆𝑈𝑇𝑅∆𝑈 

𝑌𝑟𝑒𝑓

𝑄 ∈ 𝑅𝑁𝑝×𝑁𝑝𝑅 ∈ 𝑅𝑁𝑐×𝑁𝑐

∆𝑈

𝐽(Δ𝑈) = Δ𝑈𝑇(𝛷𝑇𝑄𝛷 + 𝑅)Δ𝑈 −

2𝛷𝑇𝑄[𝑌𝑟𝑒𝑓 − 𝐹𝑥(𝑘)]Δ𝑈 + [𝑌𝑟𝑒𝑓 −

𝐹𝑥(𝑘)]
𝑇
𝑄[𝑌𝑟𝑒𝑓 − 𝐹𝑥(𝑘)]  

𝐽(∆𝑈) =
1

2
∆𝑈𝑇𝐻∆𝑈 + 2𝑓∆𝑈 + 𝑔  

𝐻 ≜ 2(𝛷𝑇𝑄𝛷 + 𝑅)

𝑓 ≜ −𝛷𝑇𝑄[𝑌𝑟𝑒𝑓 − 𝐹𝑥(𝑘)] 

𝑔 ≜ [𝑌𝑟𝑒𝑓 − 𝐹𝑥(𝑘)]
𝑇
𝑄[𝑌𝑟𝑒𝑓 − 𝐹𝑥(𝑘)] 

𝐻𝑓

𝑔

∆𝑈

∆𝑈 = −𝐻−1𝑓

∆𝑈

∆𝑈𝑚𝑖𝑛 ≤ ∆𝑈 ≤ ∆𝑈𝑚𝑎𝑥  

𝐼∆𝑈 ≤ ∆𝑈𝑚𝑎𝑥  

−𝐼∆𝑈 ≤ −∆𝑈𝑚𝑖𝑛 

𝑈𝑚𝑖𝑛 ≤ 𝑈 ≤ 𝑈𝑚𝑎𝑥  

𝑈 = 𝑈𝑘−1 + 𝑇∆𝑈  

𝑈𝑇𝑈𝑘−1

𝑈 = [

𝑢(𝑘)
𝑢(𝑘 + 1)

⋮
𝑢(𝑘 + 𝑁𝑐 − 1)

]  

𝑇 = [

𝐼
𝐼
⋮
𝐼

⋯
𝐼
⋮
𝐼

0
⋯
⋱
⋯

0
0
⋮
𝐼

] 𝑈𝑘−1 = [

𝑢(𝑘 − 1)
𝑢(𝑘 − 1)

⋮
𝑢(𝑘 − 1)

] 

𝑇∆𝑈 ≤ 𝑈𝑚𝑎𝑥 − 𝑈𝑘−1  

−𝑇∆𝑈 ≤ −𝑈𝑚𝑖𝑛 + 𝑈𝑘−1 

𝑌𝑚𝑖𝑛 ≤ 𝑌 ≤ 𝑌𝑚𝑎𝑥  

𝛷∆𝑈 ≤ 𝑌𝑚𝑎𝑥 − 𝐹𝑥𝑘  
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−𝛷∆𝑈 ≤ −𝑌𝑚𝑖𝑛 + 𝐹𝑥𝑘 

∆𝑈

 فازي بينساز کنترل مدل پيش حرکت ةساختار سامان. 6 شکل

(𝐹𝑀𝑃𝐶)

𝑥𝜃

 بين فازي ساز مدل پيش حرکت ةمحاسباتي سامان ةچرخ. 7شکل 

𝑄𝑅

𝑁𝑝𝑁𝑐
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 𝐴𝑖 𝐵𝑖(𝑖 = 1,⋯ ,6)

𝑟𝑎𝑟𝑏

𝜃𝐴𝜃𝐵

 [5] )طولي( پارامترهاي مدل حس نيروي مخصوص. 1جدول 

𝑘 𝜏𝑎 𝜏𝑠 𝜏𝐿

 [5)شيب( ] پارامترهاي مدل حس حرکت دوراني. 2جدول 

𝑇𝑎𝑇𝑠𝑇𝐿

 [17] سکوي استوارت ةمقادير عددي هندس. 3جدول 

𝑧𝑛 𝜃𝐴 𝜃𝐵 𝑟𝑎 𝑟𝑏

(𝑚𝑚) (𝑑𝑒𝑔) (𝑑𝑒𝑔) (𝑚𝑚) (𝑚𝑚) 

     

 سازحرکت ةتغييرات پارامترهاي سامان ةمحدودمقادير . 4جدول 
�̂� �̂�𝑥 𝜃 𝑥

(𝑑𝑒𝑔 𝑠⁄ ) (𝑑𝑒𝑔 𝑠⁄ ) (𝑑𝑒𝑔) (𝑚)

±∞ ±∞ ± ±

𝑢 𝑙 Δ𝑢𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑢𝑐𝑜𝑛𝑡𝑟𝑜𝑙

± 
± ± ± 

 بينپارامترهاي کنترل پيشمقادير . 5جدول 

𝑄 𝑅 

𝑑𝑖𝑎𝑔([0.2,0.2,0.1,⋯ ,0.1]) 𝑑𝑖𝑎𝑔([0.1,0.1])

𝑁𝑝 𝑁𝑐 𝑇𝑠  

  (𝑠𝑒𝑐) 

   

 

 

 

 

 حرکتي ةسامانهاي الصاقي به  اصلي و چارچوب يااجز .8شکل 
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𝑎𝑖

𝐴 = [

𝑎𝑥𝑖
𝐴

𝑎𝑦𝑖
𝐴

𝑎𝑧𝑖
𝐴

] = [
𝑟𝑎 cos(𝜆𝑖)
𝑟𝑎 sin(𝜆𝑖)

0

] 

𝜆𝑖 = {

(2𝑖 − 1)𝜋

3
−

𝜃𝐴

2
, 𝑖 = 1,3,5

𝜆𝑖−1 + 𝜃𝐴, 𝑖 = 2,4,6

 
𝑏𝑖

𝐵 = [

𝑏𝑥𝑖
𝐵

𝑏𝑦𝑖
𝐵

𝑏𝑧𝑖
𝐵

] = [
𝑟𝑏 cos(𝜐𝑖)
𝑟𝑏 sin(𝜐𝑖)

0

] 

𝜐𝑖 = {

(2𝑖 − 1)𝜋

3
−

𝜃𝐵

2
, 𝑖 = 1,3,5

𝜐𝑖−1 + 𝜃𝐵, 𝑖 = 2,4,6

𝑥𝜃

−0.05 ≤ 𝑥 ≤ 0.05(𝑚)

−30° ≤ 𝜃 ≤ 30°(𝑑𝑒𝑔)

0 ≤ 𝑡 ≤ 10(𝑠𝑒𝑐)

10 ≤ 𝑡 ≤ 20(𝑠𝑒𝑐)

̂(𝐴)

(𝑟𝑒𝑓)

(𝐹𝑀𝑃𝐶)(𝑁𝑀𝑃𝐶)

𝐹𝑀𝑃𝐶

𝑁𝑀𝑃𝐶

𝐹𝑀𝑃𝐶

𝑥𝑢

𝜃

𝐹𝑀𝑃𝐶
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𝑁𝑀𝑃𝐶

𝑁𝑀𝑃𝐶

𝐹𝑀𝑃𝐶𝑁𝑀𝑃𝐶

𝐹𝑀𝑃𝐶

 

 𝜃. توابع تعلق حداکثر و حداقل متغير شيب 10شکل  𝑥. توابع تعلق حداکثر و حداقل متغير طولي 9شکل 
  

  
 

 اي، ب( نيروي مخصوصالف( سرعت زاويه؛ اي حس حرکت خلبان وسيله واقعي و شبيه سازنمودار مقايسه. 11شکل 
 

  
 به ورودي موج مربعي 1 شمارة تغيير زماني طول عملگر. 12شکل 

 در کانال نيروي مخصوص

 به ورودي موج مربعي 2شمارة  تغيير زماني طول عملگر. 13شکل 

 در کانال نيروي مخصوص

𝑢

𝐹𝑀𝑃𝐶𝑁𝑀𝑃𝐶

𝐹𝑀𝑃𝐶𝑁𝑀𝑃𝐶

𝑁𝑀𝑃𝐶

𝐹𝑀𝑃𝐶

𝜃

𝑁𝑀𝑃𝐶
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𝑁𝑀𝑃𝐶

𝐹𝑀𝑃𝐶

 به ورودي موج مربعي 3. تغيير زماني طول عملگر شمارة 14شکل 

 در کانال نيروي مخصوص

 تغيير زماني موقعيت و سرعت طولي و زاويه شيب. 15شکل 

 وصـروي مخصـنسبت به ورودي موج مربعي در کانال ني 

𝑎, 𝑏  

𝑎  

𝐴, 𝐵  

𝐶, 𝐷  

𝑓  

𝐹  

𝑔  

𝐻  

𝐼  

𝐽  

𝑘  

𝑙  
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𝑀  

𝑁  

𝑃  

𝑄  

𝑟  

𝑅  

𝑠  

𝑇 𝑠𝑒𝑐 

𝑢  

𝑈  

𝑣  

𝑥, 𝑦, 𝑧  

𝑋  

𝑦  

0  

𝜙, 𝜃, 𝜓  

ω  

δ  

μ  

ξ  

𝛥  

𝜆  

𝜐  

𝜏𝑎, 𝜏𝑙 , 𝜏𝑠  

∈  

Φ  

𝐴  

𝑐  

𝑖, 𝑗  

𝑚  

𝑜𝑡  

𝑠𝑐  

𝑝  

𝐹𝑀𝑃𝐶  

𝑁𝑀𝑃𝐶  

𝑠  

𝐴, 𝑆  

𝑟𝑒𝑓  

𝑇  

( ̇ )  

( ̂ )  

𝐴, 𝐵  

{ }  

[1] A. Sayadi, A. Nikranjbar, A. Mahmoodi, Optimal 

motion cueing algorithm development of 6dof 

flight simulator considering workspace of motion 

platform, Aerosapce Knowledge and Technology 

Journal, Vol. 3, No. 1, pp. 17-28, 2014 (in 

Persian). 

[2] A. Nikranjbar, Motion Cueing Algorithm Design 

using Model Predictive Control, Aerosapce 

Knowledge and Technology Journal, Vol. 6, No. 

2, pp. 8-8, 2017 (in Persian). 

[3] M. Baseggio, A. Beghi, M. Bruschetta, F. Maran, 

D. Minen, An MPC approach to the design of 

motion cueing algorithms for driving simulators, 

14th International IEEE Conference on Intelligent 

Transportation Systems (ITSC), IEEE, 5-7 Oct., 

pp. 692-697, 2011. 

[4] A. Beghi, M. Bruschetta, F. Maran, D. Minen, A 

Model-based Motion Cueing strategy for compact 

driving simulation platforms, Driving Simulation 

Conference, 6-7 Sep., Paris, France, pp. 1-8, 

2012. 

[5] M. Bruschetta, F. Maran, A. Beghi, D. Minen, An 

MPC Approach to the Design of Motion Cueing 

Algorithms for a High Performance 9 DOFs 

Driving Simulator, Driving Simulation 

Conference, 4-5 Sep., Paris, France, pp. 12.1 -

12.7, 2014. 

[6] F. Maran, M. Bruschetta, A. Beghi, D. Minen, 

Improvement of an MPC-based Motion Cueing 

Algorithm with Time-Varying Prediction and 

Driver Behaviour Estimation, Driving Simulation 

Conference, 16 -18 Sep., Germany, Europe, pp. 

1-8, 2015. 

[7] F. Maran, M. Bruschetta, A. Beghi, Study of a 

real-time, MPC based motion cueing procedure 

with time-varying prediction for different classes 

of drivers, American Control Conference (ACC), 

6-8 July, USA, pp. 1711-1716, 2016. 



 

 87 1397سال هفتم، شمارة اول، بهار و تابستان 
 

ح ن
ولفت

اب
ي

جبر
کرن

 

[8] N. J. Garrett, C. M. Best, Model predictive 

driving simulator motion cueing algorithm with 

actuator-based constraints, Vehicle System 

Dynamics, Vol. 51, No. 8, pp. 1151-1172, 2013. 

[9] K. Fellah, M. Guiatni, Y. Morsly, Fuzzy/PSO 

Based Washout Filter for Inertial Stimuli 

Restitution in Flight Simulation, the Seventh 

International Conference on Sensor Technologies 

and Applications, SENSORCOMM, 25-31 Aug. 

Barcelona Spain, pp. 236-242, 2013. 

[10] H. Asadi, S. Mohamed, S. Nahavandi, 

Incorporating Human Perception with the Motion 

Washout Filter Using Fuzzy Logic Control, 

IEEE/ASME Transactions on Mechatronics, 20, 

No. 6, pp. 3276-3284, 2015. 

[11] K. Tanaka, O. H. Wang, Fuzzy Control Systems 

Design and Analysis, John Wiley & Sons, 2001. 

[12] D. H. Taghirad, Parallel robots: mechanics and 

control, CRC press, 2013. 

[13] K. Harib, K. Srinivasan, Kinematic and dynamic 

analysis of Stewart platform-based machine tool 

structures, Robotica, Vol. 21, No. 5, pp. 541-554, 

2003. 

[14] D. J. Currie, Practical Applications of Industrial 

Optimization: From High-Speed Embedded 

Controllers to Large Discrete Utility Systems, 

PhD Thesis, School of Engineering, Auckland 

University of Technology, New Zealand, 2014.  

[15] L. Wang, Model predictive control system 

design and implementation using MATLAB, 

Springer Science & Business Media, 2009. 

[16] J. Currie, JMPC Toolbox, ver. 3.21, Industrial 

Information and Control, Aukland University of 

Technology, New Zealand, September 25, 2014. 

Available from: 

http://www.i2c2.aut.ac.nz/Resources/Software/jM

PCToolbox.html (accessed 1 April 2018). 

[17] Z. Bingul, O. Karahan, Dynamic Modeling and 

Simulation of Stewart Platform, Chapter 2, 

INTECH Open Access Publisher, pp.19-41, 2012.

 

                                                            
1. Hexapod 

2. Tripod 

3. particle swarm optimization  

4. membership functions  

5. twist vector 

6. skew-symmetric 

7. surge-pitch 

8. locally linearized subsystems 

9. scheduling vector 

10. bilinear  

11. right and left trapezoidal memberships functions 

12. otolith 

13. semicircular canal  

14. surge-pitch 

15. sway-roll  

16. heave-yaw 

17. tilt coordination 

18. high pass filters 

19. human vestibular model 

20. dynamic matrix control (Dmc) 

21. receding horizons 

22. strictly proper 

23. ross-point ratio 


