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𝑃𝑜𝑝𝑡 = 
1

2
· 𝜌 · 𝐶𝑃 · 𝐴 · 𝑣

3             [𝑊]

𝜌 𝐶𝑃

𝐴

𝑣
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𝑃 = 𝑃𝑜𝑝𝑡 · 𝑐𝑜𝑠
3(𝜃𝑦𝑎𝑤)            [𝑊]

𝜃𝑦𝑎𝑤

𝑃𝐼𝐷(𝑠) = 𝐾𝑝 +
𝐾𝑝

𝑇𝑖 · 𝑠
+ 𝐾𝑝 · 𝑇𝑑 · 𝑠

𝑃𝐼(𝑠) = 𝐾𝑝 +
𝐾𝑝

𝑇𝑖 · 𝑠
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𝑚

𝑀 𝑤𝑚

𝛺

𝐿 𝑤𝑚

𝑀𝑦𝑎𝑤 =
|�⃗� | · ∆𝜃

∆𝑡
          [N · m] 

𝑀𝑦𝑎𝑤 = 𝐼𝑚 · 𝑤𝑚 · 𝛺          [N · m] 
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𝐹𝐿 =
1

2
· 𝐶𝐿 · 𝜌 · 𝐴 · 𝑣

2         [N] 

𝐹𝐷 =
1

2
· 𝐶𝐷 · 𝜌 · 𝐴 · 𝑣

2         [N] 

𝐶𝐿 𝐶𝐷 𝜌

𝐴 𝑣
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36  

π

 

 

 

 

 

 

 

 

- 

 ∈ 

- 

 ∈ 

- 

 ∈ 

- 

π

- 

𝑅𝑡 =∑𝛾𝑘 · 𝑟𝑡+𝑘+1

𝑡+𝑇

𝑘=𝑡

 

Agentea 

Ingurua 

 

 
 

 

 

 
Ekintza, a Egoera, s Saria, r 
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𝐸 (∑𝛾𝑘 · 𝑟𝑡+𝑘+1

𝑡+𝑇

𝑘=𝑡

) 

𝑝𝑠𝑠′
𝑎 = 𝑝 {𝑠𝑡+1 = 𝑠

′| 𝑠𝑡 = 𝑠 , 𝑎𝑡 = 𝑎 } 

𝑅𝑠𝑠′
𝑎 =  𝐸 {𝑟𝑡+1| 𝑠𝑡 = 𝑠, 𝑎𝑡 = 𝑎,  𝑠𝑡+1 = 𝑠

′} 

π  ∈ 

 ∈ 

𝑉𝜋(𝑠) =  𝐸𝜋  {𝑅𝑡| 𝑠𝑡 = 𝑠} =  𝐸𝜋  {∑𝛾𝑘 · 𝑟𝑡+𝑘+1

𝑡+𝑇

𝑘=𝑡

| 𝑠𝑡 = 𝑠} 

 

𝑄𝜋(𝑠, 𝑎) =  𝐸𝜋 {𝑅𝑡| 𝑠𝑡 = 𝑠, 𝑎𝑡 = 𝑎}

=  𝐸𝜋  {∑𝛾𝑘 · 𝑟𝑡+𝑘+1

𝑡+𝑇

𝑘=𝑡

| 𝑠𝑡 = 𝑠, , 𝑎𝑡 = 𝑎} 

𝑉(𝑠) = max (𝑉𝜋(𝑠)) 
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𝑄(𝑠, 𝑎) = max (𝑄𝜋(𝑠, 𝑎)) 

𝑉𝜋(𝑠) =  𝐸𝜋 {𝑟𝑡+1 + 𝛾 · 𝑉
𝜋(𝑠𝑡+1)| 𝑠𝑡 = 𝑠}

=∑ 𝜋(𝑠, 𝑎)∑ 𝑝𝑠𝑠′
𝑎 · [𝑅𝑠𝑠′

𝑎

𝑠𝑡+1𝑎
+ 𝛾 · 𝑉𝜋(𝑠𝑡+1)] 

𝑄𝜋(𝑠, 𝑎) =  𝐸𝜋  {𝑟𝑡+1 + 𝛾 · 𝑄
𝜋(𝑠𝑡+1 , 𝑎𝑡+1  )| 𝑠𝑡 = 𝑠 , 𝑎𝑡 = 𝑎 }

=∑ 𝜋(𝑠, 𝑎)∑ 𝑝𝑠𝑠′
𝑎 · [𝑅𝑠𝑠′

𝑎

𝑠𝑡+1𝑎
+ 𝛾 · 𝑄𝜋(𝑠𝑡+1 , 𝑎𝑡+1  )] 

 ∈  ∈ 

π
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∆ β

∆

 ∈

 ∈



∆

 

 ∈  ∈ 
π

π

- 

- 
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π

 ∈

 ∈



π 

𝑄(𝑠𝑡 , 𝑎𝑡) =  𝑄(𝑠𝑡 , 𝑎𝑡) + 𝛼 · [𝑟 + 𝛾 · 𝑄(𝑠𝑡+1, 𝑎𝑡+1) − 𝑄(𝑠𝑡 , 𝑎𝑡)] 

𝑄(𝑠𝑡 , 𝑎𝑡) =  𝑄(𝑠𝑡 , 𝑎𝑡) + 𝛼 · [𝑟 + 𝛾 · 𝑚𝑎𝑥𝑎𝑄(𝑠𝑡+1, 𝑎𝑡+1) − 𝑄(𝑠𝑡 , 𝑎𝑡)] 
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∈

 ∈

 ∈

 ∈



π

 

 

 

∈

 ∈

 ∈

 ∈



π
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- : 

- :

- :
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𝜃

ℎ (𝑥1, … , 𝑥𝑗 , 𝑤1, … , 𝑤𝑗) = ∑𝑤𝑗 ·  𝑥𝑗 −  𝜃

𝑛

𝑗=1

- 

(22)

 

𝑦 =

{
 
 

 
 1         𝑖𝑓 ∑𝑤𝑗 ·  𝑥𝑗  ≥  𝜃

𝑛

𝑗=1

 

0        𝑖𝑓 ∑𝑤𝑗 ·  𝑥𝑗  <  𝜃

𝑛

𝑗=1

  
(22) 

(23)

 
𝑓 (𝑥) =

1

1 + 𝑒−𝛽·𝑥
 (23) 

𝛽
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- 

- 

- 

- 
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- 

- 

- 

- 

- 

- 
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- 

- 

- 

- 

- 
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𝑥𝑖,𝑡

𝑣𝑖,𝑡

𝑣𝑖,𝑡

𝑥𝑖,𝑡

 
𝑣𝑖,𝑡+1 =  𝐻 · 𝑣𝑖,𝑡 +Φ1 · (𝑥_𝑜𝑝𝑡𝑖,𝑡 − 𝑥𝑖,𝑡) + Φ2 · (𝑥_𝑔𝑙𝑜𝑏𝑎𝑙_𝑜𝑝𝑡𝑖,𝑡 − 𝑥𝑖,𝑡) 

 𝑥𝑖,𝑡+1 = 𝑥𝑖,𝑡 + 𝑣𝑖,𝑡+1 · ∆t 

𝐻 Φ1 Φ2

𝑥_𝑜𝑝𝑡𝑖,𝑡

𝑥_𝑔𝑙𝑜𝑏𝑎𝑙_𝑜𝑝𝑡𝑖,𝑡

Φ1 Φ2

𝐻

- 

- 
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- 

- 

- 

 𝑣𝑖,𝑡+1, = 𝑥𝑎,𝑡 + 𝑇 · (𝑥𝑏,𝑡 − 𝑥𝑐,𝑡) 

𝑇 ∈  

Cr ∈ 

- 

- 
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- 

- 

- 
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3.1 
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- °

 𝜃𝑦𝑎𝑤 =  𝜃ℎ𝑎𝑖𝑧𝑒𝑎 − 𝜃𝑔𝑜𝑛𝑑𝑜𝑙𝑎  

- 

 𝛺𝑦𝑎𝑤 =  𝑌𝑎𝑤𝐾 ·  𝜃𝑦𝑎𝑤   

- 

 
𝑃𝑜𝑡𝑒𝑡𝑧𝑖𝑎𝐼𝑟𝑎𝑏𝑎𝑧𝑖𝑎 =   

𝑃_𝑘𝑜𝑛𝑡𝑟𝑜𝑙 −  𝑃_𝑒𝑧_𝑘𝑜𝑛𝑡𝑟𝑜𝑙 

𝑃_𝑜𝑝𝑡𝑖𝑚𝑜
· 100  [%] 

𝑃_𝑘𝑜𝑛𝑡𝑟𝑜𝑙

𝑃_𝑒𝑧_𝑘𝑜𝑛𝑡𝑟𝑜𝑙 

𝑃_𝑜𝑝𝑡𝑖𝑚𝑜
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𝑇𝑅𝐿  

𝛾 

 

𝑄_𝑃(𝑠, 𝑎) =

1
𝑇𝑅𝐿

∫ (𝑃_𝑘𝑜𝑛𝑡𝑟𝑜𝑙(𝑡)  −  𝑃_𝑒𝑧_𝑘𝑜𝑛𝑡𝑟𝑜𝑙(𝑡))
𝑡+𝑇𝑅𝐿
𝑡

· 𝑑𝑡 

 
1
𝑇𝑅𝐿

∫ 𝑃_𝑜𝑝𝑡𝑖𝑚𝑜 · 𝑑𝑡
𝑡+𝑇𝑅𝐿
𝑡

· 100     [%] 
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𝜇 
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- 

- 

- 

- 

 ∆𝜃𝑦𝑎𝑤 ∈ [−𝑌𝑎𝑤𝑀𝑢𝑔𝑖, 𝑌𝑎𝑤𝑀𝑢𝑔𝑖] 

- 

- 
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𝑇𝑅𝐿

𝛾

 
𝑄_𝑀(𝑠, 𝑎) =  ∫ 𝑌𝑎𝑤𝑀𝑜𝑚𝑒𝑛𝑡𝑢𝑎 (𝑡)

𝑡+𝑇𝑅𝐿

𝑡

· 𝑑𝑡        [𝑁 · 𝑚] 
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𝜇  
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- 

- 
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3.2 
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- 

- 
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Φ = atan (

(1 − 𝑎) · 𝑉ℎ𝑎𝑖𝑧𝑒𝑎
(1 + 𝑎′) · 𝑤 · 𝑟

) 

 

 𝛼 =  Φ − (𝛽 + 𝛽𝑡𝑤𝑖𝑠𝑡  ) 

 

 𝐶𝐿 = 𝑓(𝛼) 

 𝐶𝐷 = 𝑓(𝛼) 

 

 𝐶𝑛 = 𝐶𝐿 · cos(𝛷) + 𝐶𝐷 · sin(𝛷) 

 𝐶𝑡 = 𝐶𝐿 · sin(𝛷) + 𝐶𝐷 · cos(𝛷) 

 

 
𝑎 =  

1

4 · sin2 (𝛷)
𝐵 · 𝑐
2𝜋 · 𝑟

· 𝐶𝑡

+ 1
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a′ =  

1

4 · sin(Φ) · cos(Φ)
𝐵 · 𝑐
2𝜋 · 𝑟

· Ct

− 1
 

 

 

 

P = ∫ 4π

R

i=0

· ri
3 · ρ · V0 · w

2 · a′i · (1 − ai) · F · dri 

 

T = ∫4π

R

i=0

· ri · ρ · (V0)
2 · w · ai · (1 − ai) · F · dri 

 

BM = ∫4π

R

i=0

· ri
2 · ρ · (V0)

2 · w · ai · (1 − ai) · F · dri 
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𝐶P =

𝑃

1
2
· 𝜌 · 𝐴 · 𝑣3

         [−] 

𝜌 𝑃

𝐴 𝑣
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