
















 

  

  

  

 

  

  

  

  

  

  

  

  

 

  

  

  

  

  

  

  

  

  

  

 

  



  

  

  

  

 

  

  

  

  

  

  

  

  

  

  

  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

 

 

 

 





 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 



 

 

 

 

 

 

 



 

 

 



 

 



 



 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

 



https://docs.unity3d.com/Manual/HOWTO-exportFBX.html




 

 

 

 

𝑥 = cos 𝛼 ∗ cos 𝜃 ∗ 𝑤𝑖𝑑𝑡ℎ𝑅𝑎𝑑𝑖𝑜

𝑦 = sin 𝛼 ∗ cos 𝜃 ∗ 𝑤𝑖𝑑𝑡ℎ𝑅𝑎𝑑𝑖𝑜

𝑧 =  𝑙1 + sin 𝜃 ∗ ℎ𝑒𝑖𝑔ℎ𝑡𝑅𝑎𝑑𝑖𝑜

𝛼 ≡ Á𝑛𝑔𝑢𝑙𝑜 𝑒𝑛 𝑒𝑙 𝑒𝑗𝑒 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 − 𝑌𝑎𝑤   

𝜃 ≡ Á𝑛𝑔𝑢𝑙𝑜 𝑒𝑛 𝑒𝑙 𝑒𝑗𝑒 ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 − 𝑃𝑖𝑡𝑐ℎ  

𝑙1 ≡ 𝐷𝑒𝑠𝑝𝑙𝑎𝑧𝑎𝑚𝑖𝑒𝑛𝑡𝑜 𝑒𝑛 𝑒𝑙 𝑒𝑗𝑒 𝑣𝑒𝑟𝑡𝑖𝑎𝑙  

𝑤𝑖𝑑𝑡ℎ𝑅𝑎𝑑𝑖𝑜 ≡ 𝑅𝑎𝑑𝑖𝑜 𝑑𝑒𝑙 𝑒𝑙𝑖𝑝𝑠𝑜𝑖𝑑𝑒 𝑒𝑛 𝑒𝑙 𝑒𝑗𝑒 ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 

ℎ𝑒𝑖𝑔ℎ𝑡𝑅𝑎𝑑𝑖𝑜 ≡ 𝑅𝑎𝑑𝑖𝑜 𝑑𝑒𝑙 𝑒𝑙𝑖𝑝𝑠𝑜𝑖𝑑𝑒 𝑒𝑛 𝑒𝑙 𝑒𝑗𝑒 𝑣𝑒𝑟𝑡𝑖𝑎𝑙



 

θ 

θ θ θ θ



(�⃗�, �⃗�, 𝑠) → (𝜃1, 𝜃2, 𝜃3, 𝜃4, 𝜃5)

𝑝 ≡ 𝑉𝑒𝑐𝑡𝑜𝑟 𝑑𝑒  𝑝𝑜𝑠𝑖𝑐𝑖ó𝑛

�⃗� ≡ 𝑉𝑒𝑐𝑡𝑜𝑟 𝑑𝑒 𝑎𝑐𝑒𝑟𝑐𝑎𝑚𝑖𝑒𝑛𝑡𝑜 

𝑠 ≡ 𝑉𝑒𝑐𝑡𝑜𝑟 𝑑𝑒 𝑐𝑖𝑒𝑟𝑟𝑒

�⃗�

𝜃4

�⃗� =  −𝑧

𝜃4 =   − 𝜃1 − 𝜃2 − 𝜃3

𝑠 𝜃5

𝜃5 =   𝛾 ∗ 𝑟𝑜𝑙𝑙𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦

𝑝 → (𝜃1, 𝜃2, 𝜃3)

𝑝 𝜃3



 

𝜃2 𝑦 𝜃3

 𝜃1

 

𝜃1 = 𝑐𝑡𝑒 𝜃2 por 𝜃1  𝑦  𝜃3 por 𝜃2



𝐴2 = 𝐵2 + 𝐶2 − 2𝐵𝐶 cos 𝛼

𝑥2 + 𝑦2 = 𝑙1
2 + 𝑙2

2 − 2 ∙ 𝑙1 ∙ 𝑙2 ∙ cos(𝜋 − 𝜃2)

𝜃2

𝜃2 =  cos−1 (
𝑥2 + 𝑦2 − 𝑙1

2 − 𝑙2
2

2 ∙ 𝑙1 ∙ 𝑙2
)



𝜃1

𝜃1 =  𝜑 −  𝛼

tan 𝜑 =  
𝑦

𝑥⁄

tan 𝛼 =  
𝑙2 ∗ sin 𝜃2

𝑙1 + 𝑙2 ∙ cos 𝜃2

 𝜃1 𝜃2

 

 𝜃1



 𝜃1



√𝑥2 + 𝑦2

𝑧 −  𝑙1

𝜃1, 𝑙1 𝜃2, 𝑙2

𝜃2, 𝑙2 𝜃3, 𝑙3

𝜽𝟑 =  𝐜𝐨𝐬−𝟏 [
𝒙𝟐 + 𝒚𝟐 + (𝒛 −  𝒍𝟏)

𝟐
− 𝒍𝟐

𝟐 − 𝒍𝟑
𝟐

𝟐 ∙ 𝒍𝟐 + 𝒍𝟑

]

𝜽𝟐 =  𝝋 −  𝜶

𝜑 = tan−1 (
𝑧 − 𝑙1

√𝑥2 + 𝑦2
) 

𝛼 = tan−1 (
𝑙3 ∙ sin 𝜃3

𝑙2 +  𝑙3 ∙ cos 𝜃3
)

𝜽𝟏 =  𝐭𝐚𝐧−𝟏 ( 
𝒚

𝒙
 ) 



 

 

 

cos 𝜃3 





 

 



�⃗� (𝑛⃗⃗⃗⃗⃗)

serialPortQueue.Enqueue ("teach pos1"); 
serialPortQueue.Enqueue ((X*100).ToString("0.000")); 
serialPortQueue.Enqueue ((Y*100).ToString("0.000")); 
serialPortQueue.Enqueue ((Z*100-80).ToString("0.000")); 

serialPortQueue.Enqueue ("-90"); 
serialPortQueue.Enqueue ((R).ToString("0.000")); 
serialPortQueue.Enqueue("move pos1"); 

if(serialPortQueue.Count > 0 ) 
    command = serialPortQueue.Dequeue (); 
    if(command == null || command == "")  
        return; 
    sendCommand(command);  





 

 



 



 

 

 



 

 

 

�⃗� 𝑠

(�⃗�𝑥 , �⃗�𝑦 , �⃗�𝑧)

𝐴 =  𝑞 ∙ �⃗�

𝐴

�⃗� 𝑠

�⃗� = �⃗�0 + 𝐴 ∙ 𝑡

𝑠 = 𝑠0 + �⃗� ∙ 𝑡



�⃗�𝑖𝑛𝑖𝑐𝑖𝑎𝑙 = 0⃗⃗

𝑡 ≡ 𝑡𝑖𝑒𝑚𝑝𝑜 𝑒𝑛𝑡𝑟𝑒 𝑓𝑟𝑎𝑚𝑒𝑠

 

�⃗�

�⃗� 𝑡

Vector3.Lerp(Vector3 x, Vector3 y, float t)

𝑡 ∈  ℝ  , 0 < 𝑡 < 1 𝑡 = 0

�⃗� 𝑡 = 1 �⃗�



 

−𝛿 < �⃗�𝑥 < 𝛿 �⃗�𝑥 > 𝛿 �⃗�𝑥 =  �⃗�𝑥 + 𝑤

−𝛿 < �⃗�𝑥 < 𝛿 �⃗�𝑥 < 𝛿 �⃗�𝑥 =  �⃗�𝑥 − 𝑤

�⃗�𝑥 < 𝛿  ó  �⃗�𝑥 > 𝛿 −𝛿 < �⃗�𝑥 < 𝛿 �⃗�𝑥 =  �⃗�𝑥

𝑤 ≡ 𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑜 𝑑𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑑𝑎𝑑

𝛿 ≡ 𝐿í𝑚𝑖𝑡𝑒 𝑑𝑒 𝑙𝑎𝑠 𝑧𝑜𝑛𝑎𝑠 𝑑𝑒 𝑎𝑐𝑒𝑙𝑒𝑟𝑎𝑐𝑖ó𝑛

 

 

�⃗�

𝑡 

𝛿 

−𝛿 



�⃗�

𝛿

 

 



 

 

 





𝑑𝑖 𝑞0

𝜃𝑖 𝑞1 𝑞2 𝑞3

𝑎𝑖

𝛼𝑖



 

 



 



 



 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

https://es.wikipedia.org/wiki/Hugh_Herr
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https://en.wikipedia.org/wiki/Remote_control_vehicle
https://unity3d.com/es
https://es.wikipedia.org/wiki/Unity_(motor_de_juego)
https://www.thalmic.com/
https://www.myo.com/
http://www.intelitek.com/
ftp://ftp.robotec.co.il/Techsup/er9pro/Books/200034 Rev A Scorbot ER 9Pro.pdf
ftp://ftp.robotec.co.il/Techsup/er9pro/Books/200034 Rev A Scorbot ER 9Pro.pdf
http://www.solidworks.es/
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