
HAL Id: tel-01481918
https://theses.hal.science/tel-01481918

Submitted on 3 Mar 2017

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Développement d’un “ kinésithérapeute embarqué ”
dans le but d’améliorer le traitement de la scoliose

Lucas Struber

To cite this version:
Lucas Struber. Développement d’un “ kinésithérapeute embarqué ” dans le but d’améliorer le traite-
ment de la scoliose. Ingénierie biomédicale. Université Grenoble - Alpes, 2016. Français. �NNT : �.
�tel-01481918�

https://theses.hal.science/tel-01481918
https://hal.archives-ouvertes.fr


 
 

  











 

 

 

 

 

 

 

 

 



























 
 

  









 
 

  











– 

– 

– 



– 

– 



– 

– 

– 









– 

– 

– 

– 

– 

– 



– 

– 

– 



 



– 

– 

– 

– 



– 

– 

– 















– 

– 

– 

– 







- 

- 







 

  











 













- 

- 



- 





- 

- 

- 

- 

- 

- 

- 

- 

- 











- 

- 

- 

- 

- 

- 

- 

- 

- 

- 



- 

 

 

 

















𝑅𝑔

𝑅1: (𝑒1⃗⃗  ⃗, 𝑒2⃗⃗  ⃗, 𝑒3⃗⃗  ⃗) 𝑅2: (𝑢1⃗⃗⃗⃗ , 𝑢2⃗⃗⃗⃗ , 𝑢3⃗⃗⃗⃗ )

𝑀𝑅1/𝑅𝑔
= [

𝑋𝑒1
𝑋𝑒2

𝑋𝑒3

𝑌𝑒1
𝑌𝑒2

𝑌𝑒3

𝑍𝑒1
𝑍𝑒2

𝑍𝑒3

] 𝑀𝑅2/𝑅𝑔
= [

𝑋𝑢1
𝑋𝑢2

𝑋𝑢3

𝑌𝑢1
𝑌𝑢2

𝑌𝑢3

𝑍𝑢1
𝑍𝑢2

𝑍𝑢3

]

𝑋𝐼 , 𝑌𝐼 , 𝑍𝐼 𝐼 

𝑅1 𝑅2

𝑀𝑅1/𝑅2
= 𝑀𝑅1/𝑅𝑔

. (𝑀𝑅2/𝑅𝑔
)
−1

= [

𝑚00 𝑚01 𝑚02

𝑚10 𝑚11 𝑚12

𝑚20 𝑚21 𝑚22

]

𝜓 𝜑 𝜃



𝑀𝑅1/𝑅2
= 𝑅𝑧(𝜓)𝑅𝑥(𝜑)𝑅𝑦(𝜃)

= [
cos𝜓 −sin𝜓 0
sin𝜓 cos𝜓 0

0 0 1

] [
1 0 0
0 cos𝜑 −sin𝜑
0 sin𝜑 cos𝜑

] [
cos 𝜃 0 sin 𝜃

0 1 0
− sin 𝜃 0 cos 𝜃

]

= [

cos𝜓 − sin𝜓 cos𝜑 sin𝜓 sin𝜑
sin𝜓 cos𝜓 cos𝜑 −cos𝜓 sin𝜑

0 sin𝜑 cos𝜑
] [

cos 𝜃 0 sin 𝜃
0 1 0

− sin 𝜃 0 cos 𝜃
]

= [

cos𝜓 cos 𝜃 − sin𝜓 sin 𝜑 sin 𝜃 − sin𝜓 cos𝜑 cos𝜓 sin 𝜃 + sin𝜓 sin𝜑 cos 𝜃
sin 𝜓 cos 𝜃 + cos𝜓 sin 𝜑 sin 𝜃 cos𝜓 cos𝜑 sin𝜓 sin 𝜃 − cos𝜓 sin𝜑 cos 𝜃

−cos𝜑 sin 𝜃 sin𝜑 cos𝜑 cos 𝜃
]

- 𝑚21 =  sin𝜑 ≠ −1  𝑚21 ≠ +1

𝜑 =  sin−1(𝑚21)

𝜃 =  tan−1(
−𝑚20

𝑚22
⁄ )

𝜓 = tan−1(
−𝑚01

𝑚11
⁄ )

- 𝑚21 =  −1

𝜑 = −90°

𝜓 + 𝜃 =  tan−1(
𝑚10

𝑚00
⁄ )

- 𝑚21 =  1 

𝜑 =  90°

𝜓 − 𝜃 = tan−1(
𝑚10

𝑚00
⁄ )

𝜓 𝜃

𝜃 = 0 𝜓 = tan−1(
𝑚10

𝑚00
⁄ )



- 

- 

- 

- 

- 

- 



𝑣 = (
𝑋
𝑌
𝑍
)

𝑣𝑋𝑌⃗⃗ ⃗⃗ ⃗⃗  = (
𝑋
𝑌
0
)

𝑣𝑌𝑍⃗⃗ ⃗⃗ ⃗⃗ = (
0
𝑌
𝑍
) 𝑣𝑋𝑍⃗⃗ ⃗⃗ ⃗⃗  = (

𝑋
0
𝑍
)

𝑣𝑋𝑌⃗⃗ ⃗⃗ ⃗⃗  

(𝑣 , 𝑣𝑋𝑌⃗⃗ ⃗⃗ ⃗⃗  ̂ ) = cos−1 (
𝑣 . 𝑣𝑋𝑌⃗⃗ ⃗⃗ ⃗⃗  

‖𝑣 ‖‖𝑣𝑋𝑌⃗⃗ ⃗⃗ ⃗⃗  ‖
)

- 

- 

- 
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- 

- 

- 

- 

- 

- 

- 

- 

- 

- 





𝑎 ≈ √𝜒2
𝜆0

𝑁
𝑏 ≈ √𝜒2

𝜆1

𝑁

𝜆0 𝜆1 𝑁

𝑃𝑟𝑜𝑏(𝜉 < 5,991) = 0,95

𝐴 = 𝜋𝑎𝑏 = 5,991𝜋
√𝜆0𝜆1

𝑁



𝑅(𝑖) = √(𝑥𝑖 − 𝑥𝑖−1)2+(𝑦𝑖 − 𝑦𝑖−1)2

𝑆 =  {𝑧𝑘, 𝑘 = 1…𝑁}

𝑧𝑖  

𝑝𝑚(𝑖) = {𝑧𝑖, 𝑧𝑖+1, … , 𝑧𝑖+𝑚−1}

𝑝𝑚(𝑖) 𝑝𝑚(𝑗)

|𝑧𝑖+𝑘 − 𝑧𝑗+𝑘| < 𝑟  ∀𝑘 ∈ [0;𝑚 − 1]

𝑃𝑚 𝑆

𝑝𝑚(𝑖)

𝐶𝑖𝑚(𝑟) =
𝑛𝑖𝑚(𝑟)

𝑁 − 𝑚 + 1

𝑛𝑖𝑚(𝑟) 𝑃𝑚 𝑝𝑚(𝑖)

𝐶𝑖𝑚(𝑟)

𝐶𝑖𝑚(𝑟)



𝑖 < 𝑁 − 𝑚 + 1

𝐶𝑚(𝑟) =
1

𝑁 − 𝑚 + 1
∑𝐶𝑖𝑚(𝑟)

𝑖

𝐶𝑚(𝑟)

𝑆

𝑆𝑎𝐸𝑛(𝑚, 𝑟) = −𝑙𝑛
𝐶𝑚+1(𝑟)

𝐶𝑚(𝑟)
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- 

- 

- 
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http://www.campbellcollaboration.org/resources/effect_size_input.php


































 

 











 

  



































 





𝑚

𝑣 

𝜔⃗⃗ 

𝐹 =  −2𝑚(𝜔⃗⃗ ^𝑣 )



 







𝑞(𝑞0, 𝑞1, 𝑞2, 𝑞3)

𝛼 𝑢⃗ (𝑎, 𝑏, 𝑐)

|

|

𝑞0 = cos(𝛼 2⁄ )

𝑞1 =  𝑎. sin(𝛼 2⁄ )

𝑞2 =  𝑏. sin(𝛼 2⁄ )

𝑞3 =  𝑐. sin(𝛼 2⁄ )

𝑃′ = 𝑞 ∗ 𝑃 ∗ 𝑞̅

𝑃

(0, 𝑥, 𝑦, 𝑧) 𝑥, 𝑦 𝑧 𝑃 𝑃′

(0, 𝑥′, 𝑦′, 𝑧′) 𝑞

𝑞̅  𝑞̅(𝑞0, −𝑞1, −𝑞2, −𝑞3)

𝑞 𝑞′

𝑞′ ∗ 𝑞



∗

𝑝(𝑝0, 𝑝1, 𝑝2, 𝑝3)

𝑞(𝑞0, 𝑞1, 𝑞2, 𝑞3)

𝑟(𝑟0, 𝑟1, 𝑟2, 𝑟3)

|

𝑝0 = 𝑞0𝑟0 − 𝑞1𝑟1 − 𝑞2𝑟2 − 𝑞3𝑟3
𝑝1 = 𝑞0𝑟1 + 𝑞1𝑟0 + 𝑞2𝑟3 − 𝑞3𝑟2
𝑝2 = 𝑞0𝑟2 − 𝑞1𝑟3 + 𝑞2𝑟0 + 𝑞3𝑟1
𝑝3 = 𝑞0𝑟3 + 𝑞1𝑟2 − 𝑞2𝑟1 + 𝑞3𝑟0



 

 













𝑀𝑅𝐴𝑛𝑎𝑡/𝑅𝑀𝑜𝑛𝑑𝑒
= [

−𝑌2 −𝑌1 0
𝑌1 −𝑌2 0
0 0 1

]

𝑌1 =
𝑚01,𝑏𝑎𝑠𝑠𝑖𝑛

√𝑚01,𝑏𝑎𝑠𝑠𝑖𝑛
2 + 𝑚11,𝑏𝑎𝑠𝑠𝑖𝑛

2



𝑌2 =
𝑚11,𝑏𝑎𝑠𝑠𝑖𝑛

√𝑚01,𝑏𝑎𝑠𝑠𝑖𝑛
2 + 𝑚11,𝑏𝑎𝑠𝑠𝑖𝑛

2

𝑚𝑖𝑗,𝑏𝑎𝑠𝑠𝑖𝑛

𝑞𝑏𝑎𝑠𝑠𝑖𝑛(𝑞0𝑏, 𝑞1𝑏 , 𝑞2𝑏 , 𝑞3𝑏)

𝑀𝑅𝐵𝑎𝑠𝑠𝑖𝑛/𝑅𝑀𝑜𝑛𝑑𝑒
= [

1 − 2𝑞2𝑏
2 − 2𝑞3𝑏

2 2𝑞1𝑏𝑞2𝑏 − 2𝑞3𝑏𝑞0𝑏 2𝑞1𝑏𝑞3𝑏 + 2𝑞2𝑏𝑞0𝑏

2𝑞1𝑏𝑞2𝑏 + 2𝑞3𝑏𝑞0𝑏 1 − 2𝑞1𝑏
2 − 2𝑞3𝑏

2 2𝑞2𝑏𝑞3𝑏 − 2𝑞1𝑏𝑞0𝑏

2𝑞1𝑏𝑞3𝑏 − 2𝑞2𝑏𝑞0𝑏 2𝑞2𝑏𝑞3𝑏 + 2𝑞1𝑏𝑞0𝑏 1 − 2𝑞1𝑏
2 − 2𝑞2𝑏

2

]

𝑚01,𝑏𝑎𝑠𝑠𝑖𝑛 = 2𝑞1𝑏𝑞2𝑏 − 2𝑞3𝑏𝑞0𝑏

𝑚11,𝑏𝑎𝑠𝑠𝑖𝑛 = 1 − 2𝑞1𝑏
2 − 2𝑞3𝑏

2

𝑞𝑎𝑛𝑎𝑡(𝑞0𝑎, 𝑞1𝑎, 𝑞2𝑎, 𝑞3𝑎)

[

1 − 2𝑞2𝑎
2 − 2𝑞3𝑎

2 2𝑞1𝑎𝑞2𝑎 − 2𝑞3𝑎𝑞0𝑎 2𝑞1𝑎𝑞3𝑎 + 2𝑞2𝑎𝑞0𝑎

2𝑞1𝑎𝑞2𝑎 + 2𝑞3𝑎𝑞0𝑎 1 − 2𝑞1𝑎
2 − 2𝑞3𝑎

2 2𝑞2𝑎𝑞3𝑎 − 2𝑞1𝑎𝑞0𝑎

2𝑞1𝑎𝑞3𝑎 − 2𝑞2𝑎𝑞0𝑎 2𝑞2𝑎𝑞3𝑎 + 2𝑞1𝑎𝑞0𝑎 1 − 2𝑞1𝑎
2 − 2𝑞2𝑎

2

] =  [
−𝑌2 −𝑌1 0
𝑌1 −𝑌2 0
0 0 1

]

|

|
𝑞0𝑎 =

𝑌1

2𝑞3𝑎

𝑞1𝑎 = 0
𝑞2𝑎 = 0

𝑞3𝑎 =
√2 + 2𝑌2

2



𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖/𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑗
= (𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑗/𝑅𝐴𝑛𝑎𝑡𝑜𝑚𝑖𝑞𝑢𝑒

)
−1

𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖/𝑅𝐴𝑛𝑎𝑡𝑜𝑚𝑖𝑞𝑢𝑒



𝑡0

𝑡0

𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖,𝑐𝑜𝑟𝑟𝑖𝑔é/𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖
= (𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖/𝑅𝐴𝑛𝑎𝑡𝑜𝑚𝑖𝑞𝑢𝑒

)
−1

|
𝑡0

𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖,𝑐𝑜𝑟𝑟𝑖𝑔é/𝑅𝐴𝑛𝑎𝑡𝑜𝑚𝑖𝑞𝑢𝑒
= 𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖/𝑅𝐴𝑛𝑎𝑡𝑜𝑚𝑖𝑞𝑢𝑒

∗ 𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖,𝑐𝑜𝑟𝑟𝑖𝑔é/𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖













 



























 

  

























 

  





 







 



 

 





 





 

 





 

  





















 

 



 

 

 


