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http://www.rethinkrobotics.com/products/baxter/
http://www.willowgarage.com/pages/pr2/overview


 

 

 

 

 







 



 



 

 



 

Fusion des nuages de points 

Optimisation des enveloppes membre à membre  
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{𝑋𝑗}𝑗∈𝐽 𝐽



𝑋 = {𝑋𝑗}𝑗∈𝐽
= {[

𝑥𝑗

𝑦𝑗

𝑧𝑗
]}

𝑗∈𝐽

𝑡 𝑘 ∈ 𝐾

𝑆𝑡
𝑘

𝑌𝑡
𝑘 = [𝑌𝑡

𝑗,𝑘
]
𝑗∈𝐽

𝐿 ⊃ 𝐾 𝑙 ∈ 𝐿

𝑌𝑡
𝑙 = 𝑋𝑡 + 𝑉𝑡

𝑙, ∀𝑙 ∈ 𝐿 

𝑉𝑡
𝑙

{𝑌𝑡
𝑙}
𝑙∈𝐿

𝑌𝑡
∗

ℙ(𝑌𝑡
𝑙|{𝑆𝑡

𝑘}
𝑘∈𝐾
)

�̂�𝑡 = 𝑌𝑡
∗ = argmax

{𝑌𝑡
𝑙}
𝑙∈𝐿

ℙ(𝑌𝑡
𝑙|{𝑆𝑡

𝑘}𝑘∈𝐾)

𝐽 𝐾 𝐿 𝐾 |𝐾| 𝑐𝑎𝑟𝑑(𝐾)

𝐿

{𝑆𝑡
𝑘}
𝑘∈𝐾

𝑀 ∈ ℕ

𝑌𝑡−𝑀:𝑡
∗ = argmax

{𝑌𝑠
𝑙𝑠  }

𝑠=𝑡−𝑀:𝑡

ℙ({𝑌𝑠
𝑙𝑠  }

𝑠=𝑡−𝑀:𝑡
|{𝑆𝑡−𝑀:𝑡

𝑘 }𝑘∈𝐾)

= argmax
{𝑌𝑠
𝑙𝑠  }

𝑠=𝑡−𝑀:𝑡

ℙ({𝑆𝑡−𝑀:𝑡
𝑘 }𝑘∈𝐾|{𝑌𝑠

𝑙𝑠  }
𝑠=𝑡−𝑀:𝑡

) × ℙ({𝑌𝑠
𝑙𝑠  }

𝑠=𝑡−𝑀:𝑡
)

ℙ ({𝑆𝑡−𝑀:𝑡
𝑘 }𝑘∈𝐾 ⋅ {𝑌𝑠

𝑙𝑠  }
𝑠=𝑡−𝑀:𝑡

)
 

= argmax
{𝑌𝑠
𝑙𝑠  }

𝑠=𝑡−𝑀:𝑡

ℙ({𝑆𝑡−𝑀:𝑡
𝑘 }𝑘∈𝐾|{𝑌𝑠

𝑙𝑠  }
𝑠=𝑡−𝑀:𝑡

) × ℙ({𝑌𝑠
𝑙𝑠  }

𝑠=𝑡−𝑀:𝑡
)



 

𝑡

𝑌𝑡
∗ = argmax

𝑌𝑡
𝑙𝑡

𝒥𝑡
∗(𝑌𝑡

𝑙𝑡 , {𝑆𝑡−𝑀:𝑡
𝑘 }𝑘∈𝐾)

𝒥𝑡
∗

𝒥𝑡
∗(𝑌𝑡

𝑙𝑡 , {𝑆𝑡−𝑀:𝑡
𝑘 }𝑘∈𝐾) ≜ max

𝑌𝑡−𝑀:𝑡−1
ℙ({𝑆𝑡−𝑀:𝑡

𝑘 }𝑘∈𝐾|{𝑌𝑠
𝑙𝑠  }

𝑠=𝑡−𝑀:𝑡
) × ℙ({𝑌𝑠

𝑙𝑠  }
𝑠=𝑡−𝑀:𝑡

)

𝒥𝑡−𝑀
∗ (𝑌𝑡−𝑀

𝑙𝑡−𝑀 , {𝑆𝑡−𝑀
𝑘  }

𝑘∈𝐾
) =

ℙ({𝑆𝑡−𝑀
𝑘  }

𝑘∈𝐾
|𝑌𝑡−𝑀
𝑙𝑡−𝑀) × ℙ(𝑌𝑡−𝑀

𝑙𝑡−𝑀)

𝒥𝑡
∗(𝑌𝑡

𝑙𝑡 , {𝑆𝑡−𝑀:𝑡
𝑘 }𝑘∈𝐾) = max

𝑌𝑡−1
𝑙𝑡−1

ℙ({𝑆𝑡
𝑘}𝑘∈𝐾|𝑌𝑡

𝑙𝑡) × ℙ(𝑌𝑡
𝑙𝑡|𝑌𝑡−1

𝑙𝑡−1) × 𝒥𝑡−1
∗ (𝑌𝑡−

𝑙𝑡 , {𝑆𝑡−𝑀:𝑡−1
𝑘 }𝑘∈𝐾)

ℙ({𝑆𝑡
𝑘}
𝑘∈𝐾
|𝑌𝑡
𝑙𝑡)

ℙ(𝑌𝑡
𝑙𝑡|𝑌𝑡−1

𝑙𝑡−1)

 

𝐿 𝑀

𝐿 𝑀

𝐿2𝑀

𝑖 𝑡 − 1 𝑗 𝑡 𝑐𝑡(𝑖, 𝑗)

𝜙𝑡(𝑗)

 𝑗 𝑡 𝜉𝑡(𝑗)

𝑠𝑡𝑎𝑟𝑡 𝑒𝑛𝑑 

⋅⋅⋅⋅ 
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𝑀

𝜙1(1) 
= min
1≤𝑘≤𝐿

[𝑐1(𝑘, 1)] = min
1≤𝑘≤𝐿

[𝜙𝑗−1(𝑘) + 𝑐𝑗(𝑘, 𝑙)] 

 

𝜙𝑗(1) 



𝜙1(𝑙) = 𝑐0(𝑠𝑡𝑎𝑟𝑡, 𝑙) 
𝜉1(𝑙) = 𝑠𝑡𝑎𝑟𝑡 
1 ≤ 𝑙 ≤ 𝐿

0 < 𝑡 < 𝑀
𝜙𝑡(𝑙) = min

1≤𝑘≤𝐿
[𝜙𝑡−1(𝑘) + 𝑐𝑡(𝑘, 𝑙)] 

𝜉𝑡(𝑙) = arg min
1≤𝑘≤𝐿

[𝜙𝑡−1(𝑘) + 𝑐𝑡(𝑘, 𝑙)] 

1 ≤ 𝑙 ≤ 𝐿

𝑡 = 𝑀
𝜙𝑀(𝑒𝑛𝑑) = min

1≤𝑘≤𝐿
[𝜙𝑀−1(𝑘) + 𝑐𝑀(𝑘, 𝑙)] 

𝜉𝑡(𝑒𝑛𝑑) = arg min
1≤𝑘≤𝐿

[𝜙𝑀−1(𝑘) + 𝑐𝑀(𝑘, 𝑙)] 

= 𝑖𝑀−1

(𝑠𝑡𝑎𝑟𝑡, 𝑖0, … , 𝑖𝑀−1, 𝑒𝑛𝑑)

𝑖𝑡 = 𝜉𝑡+1(𝑖𝑡+1)

0 ≤ 𝑡 < 𝑀

𝜙𝑀

ℙ(𝑐) = 𝑘 ⋅ 𝑒−𝑐

𝑐

 

 

𝑌𝑡
𝑙𝑡 𝑡

𝑆𝑡
𝐾 = {𝑆𝑡

𝑘}
𝑘∈𝐾

𝐾 ℙ({𝑆𝑡
𝑘}
𝑘∈𝐾
|𝑌𝑡
𝑙𝑡)

𝑌𝑡
𝑙𝑡 {𝑆𝑡

𝑘}
𝑘∈𝐾

𝑊𝑥𝐻 𝑊 = 640 𝐻 = 480

𝑆𝑡
𝑘 = {𝑆𝑡

𝑘  (i, j) ∈ {0,1}}0≤𝑖<𝐻
0≤𝑗<𝑊

 



𝑆𝑡
𝑘(𝑖, 𝑗)

𝑖, 𝑗 𝑘

𝕊𝑡
𝑙,𝑘(𝑖, 𝑗) 𝑌𝑡

𝑙

𝑘

𝕊𝑙,𝑘⊕𝑆𝑘 𝐿 = 𝐾 𝐾

𝕊𝑙,𝑘 𝑆𝑘

 Profondeur Squelette 1 Squelette 2 Squelette 3 

Capteur 1 

    

Capteur 2 

    

Capteur 3 

    

𝑑𝑡(𝑘, 𝑙) =

∑ 𝕊𝑙,𝑘(𝑖, 𝑗) ⊕ 𝑆𝑘(𝑖, 𝑗)𝑖,𝑗 = ∑ |𝑆𝑡(𝑖, 𝑗) − 𝕊(𝑖, 𝑗)|𝑖,𝑗



𝐾

𝑑𝑡

 Dt(𝑘, 𝑙) =
𝑑𝑡(𝑘, 𝑙)

∑ 𝑆𝑡
𝑘(𝑖, 𝑗)𝑖,𝑗

ℙ({𝑆𝑡
𝑘}
𝑘∈𝐾
|𝑌𝑡
𝑙𝑡)

𝐷𝑡 𝜇 = 0,1

𝜎 = 0,1

ℙ({𝑆𝑡
𝑘}𝑘∈𝐾|𝑌𝑡

𝑙𝑡) ≜∏
1

√2 ⋅ π ⋅ σ2
𝑒
−
(Dt(𝑘,𝑙)−𝜇)

2

2⋅𝜎2

𝑘∈𝐾

𝜇 𝜎

 

ℙ(𝑌𝑡
𝑙𝑡|𝑌𝑡−1

𝑙𝑡−1) ≜∏
1

√2 ⋅ π ⋅ σj
2

𝑒
−
(𝑌𝑡
𝑗,𝑙𝑡−𝑌𝑡−1

𝑗,𝑙𝑡−1)
2

2⋅𝜎𝑗
2

𝑗∈𝐽



 

𝑋𝑗 𝑗

30−1𝑠 

𝑋𝑗 = (𝑥 𝑦 𝑧 �̇� �̇� �̇�)𝑇   (𝑆)

𝑋𝑡
𝑗
= 𝐴 ⋅ 𝑋𝑡−1

𝑗
+𝑊𝑡−1    (𝐸)

𝐴

𝑊

𝑍𝑡
𝑗
= 𝐻 ⋅ 𝑋𝑡−1

𝑗
+ 𝑉𝑡−1   (𝑂)

𝑍 𝐻

𝑉

𝑊 𝑉

𝑄 𝑅

 𝑊~𝒩(0, 𝑄)    𝑒𝑡    𝑉~𝒩(0, 𝑅)       (𝑁)

   𝐻 = (𝐼3 03)     (𝑂𝑀),   𝐴 = (
𝐼3 𝐼3
03 k ⋅ 𝐼3

)     (𝐸𝑀)

𝑄 = (
𝜎𝑞
2 ⋅ 𝐼3 0

0 𝜎𝑞
2 ⋅ 𝐼3

)    (𝑁𝑀1),    𝑅 = 𝜎𝑟
2 ⋅ 𝐼3    (𝑁𝑀2)

�̂�𝑡+1
𝑗

𝑋𝑡+1
𝑗

�̂�𝑡+1
𝑗−
= 𝐴 ⋅ �̂�𝑡

𝑗
 

𝑃𝑡+1
𝑗−
= 𝐴 ⋅ 𝑃𝑡

𝑗
⋅ 𝐴−1 + 𝑄

𝑆𝑡+1 = 𝐻 ⋅ 𝑃𝑡+1
𝑗−
⋅ 𝐻𝑇 + 𝑅 

𝒓𝑡+1
𝑗

= 𝑌𝑡+1
𝑗
− 𝐻 ⋅ �̂�𝑡+1

𝑗−

𝐾𝑡+1 = 𝑃𝑡+1
𝑗−
⋅ 𝐻𝑇 ⋅ 𝑆𝑡+1

−1  

�̂�𝑡+1
𝑗
= �̂�𝑡+1

𝑗−
+ 𝐾𝑡+1 ⋅ 𝒓𝑡+1

𝑗
 

𝑃𝑡+1
𝑗
= 𝑃𝑡+1

𝑗−
− 𝐾𝑡+1 ⋅ 𝐻 ⋅ 𝑃𝑡+1

𝑗−

�̂�𝑡+1
𝑗−

�̂�𝑡
𝑗

𝑃𝑡
𝑗

𝑆𝑡+1 𝑟𝑡+1
𝑗

𝐾𝑡+1



(�̂�𝑡+1
𝑗−
, 𝑃𝑡+1
𝑗−
) = (�̂�𝑡+1

𝑗
, 𝑃𝑡+1
𝑗
)

𝑌𝑡
𝑗

(𝒓𝑡
𝑗
)𝑇 ⋅ 𝑆𝑡

−1 ⋅ 𝒓𝑡
𝑗
> 𝑔𝑡

2      (𝑅)

𝒓𝑡
𝑗

𝑆𝑡 𝑔𝑡

𝑔𝑡

𝑔𝑡

𝑔𝑡 = 1,2 3

𝑃𝑡
𝑗

 

 

640 × 480

160 × 120

 

ℙ({𝑆𝑡
𝑘}
𝑘∈𝐾
|𝑌𝑡
𝑙𝑡)

∑
(Dt(k,l)−μ)

2

σ2k∈K 𝑙𝑛

2,22507. e − 308



 

𝑄𝑗(𝑑) =
1

𝑛𝑖𝑚𝑎𝑔𝑒𝑠
∑ {

1 𝑠𝑖 ‖𝑋𝑗 − 𝑍𝑗‖ < 𝑑

0 𝑠𝑖𝑛𝑜𝑛
𝑖𝑚𝑎𝑔𝑒𝑠 𝑗

𝑍𝑗 𝑑
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< 50 mm
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𝜎𝑞 𝜎𝑟

𝑘

𝜎𝑞 𝑀 = 30

𝐾

𝑀

(𝜎𝑞 , 𝜎𝑟)

𝑘

(𝜎𝑜, 𝜎𝑑)

𝑔𝑡

 

http://homepages.laas.fr/lerasle/hmc/videos.php
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80%

59,2%



 

11,5% 48,3% 62,1%

11,4% 47,1% 62,0%

67,2% 70,3%

𝑁

 

72,2% 70,3%

11,5%

21,7% 48,3% 63% 62,1% 66,4%

 



 

𝑂(𝑐𝑎𝑟𝑑(𝐾)2)

𝑐𝑎𝑟𝑑(𝐾)

 

http://homepages.laas.fr/lerasle/hmc/videos.php
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𝑋𝑗, 𝑗 ∈ 𝐽

𝑁 = 𝑐𝑎𝑟𝑑(𝐽)

𝑧𝑡 = {𝑧𝑖 = (𝑌𝑖 ∈ ℝ
3, Ω𝑖 ∈

ℝ3), 𝑖 ∈ 𝐼} 𝑡

𝑀 = 𝑐𝑎𝑟𝑑(𝐽)



𝑧𝑖) (𝑋𝑗)

𝑥𝑡

𝑧𝑡

𝑝(𝑥𝑡|𝑧𝑡)

 

𝑝(𝑥𝑡|𝑧𝑡) ≈ ∑𝑤𝑡
(𝑘)𝛿 (𝑥𝑡 − 𝑥𝑡

(𝑘))

𝐾

𝑘=1

,∑𝑤𝑡
(𝑘) = 1

𝐾

𝑘=1

𝑥𝑡
(𝑘)

𝑤𝑡
(𝑘) 𝑡

𝑘 = 1. . 𝐾

𝑥 ̃𝑡 = ∑ 𝑤𝑡
(𝑘)𝐾

𝑘=1 𝑥𝑡
(𝑘)

𝑥𝑡
(𝑘)

𝑝 (𝑥𝑡
(𝑘)
|𝑥𝑡
(𝑘−1), 𝑧𝑡)

𝑡

𝑡 − 1 𝑁𝐵

𝑥𝑡
(𝑘−1)∗ 𝑥𝑡

(𝑘−1)

𝑞 (⋅ |𝑥𝑡
(𝑘−1), 𝑧𝑡) 𝑥𝑡

(𝑘−1) → 𝑥𝑡
(𝑘−1)∗



𝒜 =
𝑝(𝑧𝑡|𝑥𝑡

(𝑘−1)∗
)

𝑝(𝑧𝑡|𝑥𝑡
(𝑘−1)

)
×
𝑞 (𝑥𝑡

(𝑘−1)
|𝑥𝑡
(𝑘−1)∗

, 𝑧𝑡)

𝑞 (𝑥𝑡
(𝑘−1)∗

|𝑥𝑡
(𝑘−1)

, 𝑧𝑡)

𝑥𝑡
(𝑘)
= 𝑥𝑡

(𝑘−1)

𝑥𝑡

 

𝑀𝑜𝑣𝑒𝑠

∀𝑚 ∈ 𝑀𝑜𝑣𝑒𝑠 𝑓𝑚

𝑓𝑛 𝑛 ∈ 𝑀𝑜𝑣𝑒𝑠

𝑢𝑚 𝑢𝑛 𝑓𝑚(⋅, 𝑢𝑚) 𝑓𝑛(⋅, 𝑢𝑛)

𝑓𝑚(𝑥𝑛, 𝑢𝑚) = (𝑥𝑚
∗ , 𝑢𝑛) 𝑓𝑛(𝑥𝑚

∗ , 𝑢𝑛) = (𝑥𝑛, 𝑢𝑚)

(𝑛, 𝑥𝑛)

(𝑚, 𝑥𝑚
∗ )

𝑚 𝑞𝑚(⋅ |𝑚, 𝑥𝑛, 𝑧𝑡)

𝑢𝑚 𝑝(𝑧𝑡|𝑚, 𝑥𝑚
∗ )

𝑚 ∈ 𝑀𝑜𝑣𝑒𝑠

𝑛 

𝒜𝑚 = min(1,
𝑝(𝑧𝑡|𝑚, 𝑥𝑚

∗ )

𝑝(𝑧𝑡|𝑛, 𝑥𝑛)
×
𝑞(𝑛|𝑚)

𝑞(𝑚|𝑛)
×
𝑞𝑛(𝑢𝑛|𝑚, 𝑥𝑚

∗ , 𝑧𝑡)

𝑞𝑚(𝑢𝑚|𝑛, 𝑥𝑛, 𝑧𝑡)
× 𝒥𝑓𝑚)

𝒥𝑓𝑚 𝑓𝑚 𝑞(𝑚|𝑛)

𝑚 𝑛



 

𝑀𝑜𝑣𝑒𝑠

 

 

 

𝑀𝑜𝑣𝑒𝑠 ≜ {𝑃𝑖𝑐𝑘𝑂𝑏𝑗𝑒𝑐𝑡, 𝑃𝑙𝑎𝑐𝑒𝑂𝑏𝑗𝑒𝑐𝑡, 𝑆𝑤𝑎𝑝𝐻𝑎𝑛𝑑𝑠, 𝑈𝑝𝑑𝑎𝑡𝑒}

𝑞(𝑚|𝑛)

𝑂𝑏𝑗𝑒𝑡𝑠 = {1,2,3,… }

𝑚 𝑃𝑖𝑐𝑘𝑂𝑏𝑗𝑒𝑐𝑡

𝑂𝑏𝑗𝑒𝑡𝑠 𝑀𝑎𝑖𝑛𝑠 = {𝑔𝑎𝑢𝑐ℎ𝑒, 𝑑𝑟𝑜𝑖𝑡𝑒}

𝑀𝑎𝑖𝑛𝑠 𝐿𝑖𝑏𝑟𝑒𝑠 = 𝑀𝑎𝑖𝑛𝑠

𝑞(𝑚|𝑛) =
1

𝑐𝑎𝑟𝑑(𝑂𝑏𝑗𝑒𝑡𝑠)
×

1

𝑐𝑎𝑟𝑑(𝑀𝑎𝑖𝑛𝑠)

𝑛

𝑞(𝑛|𝑚) =
1

𝑐𝑎𝑟𝑑(𝑀𝑎𝑖𝑛𝑠 𝑃𝑟𝑖𝑠𝑒𝑠)
= 1

𝑞(𝑚|𝑛) =
1

𝑐𝑎𝑟𝑑(𝑂𝑏𝑗𝑒𝑐𝑡𝑠)−1

𝑞(𝑛|𝑚) =
1

2

𝑞(𝑃𝑖𝑐𝑘𝑂𝑏𝑗𝑒𝑐𝑡|𝑃𝑙𝑎𝑐𝑒𝑂𝑏𝑗𝑒𝑐𝑡) =
1

𝑐𝑎𝑟𝑑(𝑂𝑏𝑗𝑒𝑡𝑠 𝐿𝑖𝑏𝑟𝑒𝑠)
×

1

𝑐𝑎𝑟𝑑(𝑀𝑎𝑖𝑛𝑠 𝐿𝑖𝑏𝑟𝑒𝑠)

𝑞(𝑃𝑙𝑎𝑐𝑒𝑂𝑏𝑗𝑒𝑐𝑡|𝑝𝑖𝑐𝑘𝑂𝑏𝑗𝑒𝑐𝑡) =
1

𝑐𝑎𝑟𝑑(𝑀𝑎𝑖𝑛𝑠 𝑂𝑐𝑐𝑢𝑝é𝑒𝑠)

𝑞(𝑆𝑤𝑎𝑝𝐻𝑎𝑛𝑑𝑠|𝑠𝑤𝑎𝑝𝐻𝑎𝑛𝑑𝑠) = 𝑞(𝑈𝑝𝑑𝑎𝑡𝑒|𝑈𝑝𝑑𝑎𝑡𝑒) = 1

𝑝(𝑚|𝑛)

𝑃𝑈𝑝𝑑𝑎𝑡𝑒 = 0.50;𝑃𝑃𝑖𝑐𝑘𝑂𝑏𝑗𝑒𝑐𝑡 = 0.20;𝑃𝑃𝑙𝑎𝑐𝑒𝑂𝑏𝑗𝑒𝑐𝑡 = 0.20; 𝑃𝑆𝑤𝑎𝑝𝐻𝑎𝑛𝑑𝑠 = 0.10

 





𝑥𝑡,𝑜𝑏𝑗𝑒𝑐𝑡

𝑀

𝑁

 

𝒜𝑚

𝑥𝑚
∗



𝑞𝑚(⋅ |𝑚, 𝑥𝑛 , 𝑧𝑡)

1

1

1

1

𝑝(𝑧𝑡|𝑚, 𝑥𝑚
∗ )

𝑒
(−

‖𝑥𝑡,𝑜𝑏𝑗𝑒𝑐𝑡−𝑥𝑡,𝑚𝑎𝑖𝑛‖
2

𝜎𝑃𝑖𝑐𝑘𝑂𝑏𝑗𝑒𝑐𝑡
2+‖𝑥𝑡,𝑜𝑏𝑗𝑒𝑐𝑡−𝑧𝑡,𝑜𝑏𝑗𝑒𝑐𝑡‖

2)

1 − 𝑒
−
‖𝑥𝑡,𝑚𝑎𝑖𝑛−𝑧𝑡,𝑜𝑏𝑗𝑒𝑡‖

2

𝜎𝑃𝑙𝑎𝑐𝑒𝑂𝑏𝑗𝑒𝑐𝑡
2

 

0 𝑥𝑡,𝑚𝑎𝑖𝑛 = ∅

(

 1 − 𝑒
(−

∑ ∑ ‖𝑥𝑡,𝑜−𝑥𝑡,𝑎‖
2

𝑎∈𝐴𝑜∈𝑂𝑏𝑗𝑒𝑡𝑠

(∑ ∑ 1𝑎∈𝐴𝑜∈𝑂𝑏𝑗𝑒𝑡𝑠 )⋅𝜎𝑠𝑤𝑎𝑝𝐻𝑎𝑛𝑑𝑠
2)

)

 × 𝑒
−
‖𝑥𝑡,𝑚𝑎𝑖𝑛 𝑔𝑎𝑢𝑐ℎ𝑒−𝑥𝑡,𝑚𝑎𝑖𝑛 𝑑𝑟𝑜𝑖𝑡𝑒‖

𝜎𝑠𝑤𝑎𝑝𝐻𝑎𝑛𝑑𝑠
2

 

𝐴

𝑜
1

𝑁𝐵 20

𝐾 100

𝜎𝑃𝑖𝑐𝑘𝑂𝑏𝑗𝑒𝑐𝑡 0,1𝑚

𝜎𝑃𝑙𝑎𝑐𝑒𝑂𝑏𝑗𝑒𝑐𝑡 0.3𝑚

𝜎𝑆𝑤𝑎𝑝𝐻𝑎𝑛𝑑𝑠 0,1𝑚
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/*! 

 * Based on http://www.cs.unc.edu/~welch/kalman/kalmanIntro.html: 

 * http://www.cs.unc.edu/~welch/media/pdf/kalman_intro.pdf 

 */ 

template<typename realT, typename sizeT, sizeT stateSize, sizeT measurementSize, 

template<typename, sizeT> class vector_T, 

template<typename, sizeT, sizeT> class matrix_T, 

template<typename mat_T, typename mat_TTranspose> class transpose_functor, 

template<typename mat_T> class invert_functor> 

class GenericKalmanFiltering 

{ 

    static const sizeT n = stateSize; 

    static const sizeT m = measurementSize; 

public: 

    typedef matrix_T<realT, n, n> M_nn; 

    typedef matrix_T<realT, n, m> M_nm; 

    typedef matrix_T<realT, m, m> M_mm; 

    typedef matrix_T<realT, m, n> M_mn; 

 

    typedef vector_T<realT, m> V_m; 

    typedef vector_T<realT, n> V_n; 

 

private: 

    /*! procedure returning success of 

     *            inv<n> 

     *  (M_nn) -----------> M_nn */ 

    template<sizeT _n> 

    inline bool invert(const matrix_T<realT, _n, _n>& M_in, 

                       matrix_T<realT, _n, _n>& M_out) 

    { 

        bool success = invert_functor<matrix_T<realT, _n, _n> >()(M_in, M_out); 

        return success; 

    } 

 

    /*!          trans<n> 

     *  (M_nm) -----------> M_mn */ 

    template<sizeT _n, sizeT _m> 

    inline matrix_T<realT, _m, _n> transpose(const matrix_T<realT, _n, _m>& M) 

    { 

        return transpose_functor<matrix_T<realT, _n, _m>, matrix_T<realT, _m, _n> > 

               ()(M); 

    } 

 

    /*! Current State */ 

    V_n _xk; 

    /*! Current error covariance */ 

    M_nn _Pk; 

 

    /*! _H: Matrix to compute a measurement from a state by 

     * zk = _H * _xk 

     */ 

    M_mn _H; 

    /*! _H^T */ 

    M_nm _HT; 

    /*! _A: Matrix to predict next state from currentState by 

     * _xk = _A * _xk 

     */ 

    M_nn _A; 

    /*! _A^T  */ 

    M_nn _AT; 

 

    /*! _Q: Covariance of the normal noise on state dynamics 

     * _Pk = _A * _Pk * _A^-1 + _Q 

     */ 

    M_nn _Q /*stateNoiseCovariance*/; 

    /*! _R: Covariance of the normal noise on measurement */ 

    M_mm _R; 



/*! 

     * corrects the filtering with no measurement (only predicts) 

     * Use this if you have no measurement 

     */ 

    inline void predict() 

    { 

        _xk = _A * _xk; 

        _Pk = _A * _Pk * _AT + _Q; 

    } 

 

    inline bool smartMultiCorrect( 

                      std::vector<vector_T<realT, measurementSize> > measurements, 

                      realT gateValue){ 

        bool madeACorrection; 

        while(measurements.size()){ 

            std::vector<realT> sigmaDistances(measurements.size()); 

            M_mm totalMeasurementNoise = _H * _Pk * _HT + _R; 

            M_mm& totalMeasurementNoise_m1 = totalMeasurementNoise; 

 

            if( !invert(totalMeasurementNoise, totalMeasurementNoise_m1) ) 

                throw std::string("noise singularity exception !"); 

 

            V_m bestInnovation; 

            realT minimumSigmaDistance = std::numeric_limits<realT>::infinity(); 

            int bestMeasurement_sIndex; 

 

            for(int meas_i = measurements.size() - 1 ; meas_i >= 0 ; --meas_i){ 

                V_m innovation = measurements[meas_i] - _H * _xk; 

                V_m backProject = totalMeasurementNoise_m1 * innovation; 

                realT squareProject = 0.0; 

 

                for(unsigned int i = 0 ; i < m ; ++i) 

                    squareProject += backProject[i] * innovation[i]; 

 

                if( (sigmaDistances[meas_i] = squareProject) < minimumSigmaDistance ){ 

                    minimumSigmaDistance = sigmaDistances[meas_i]; 

                    bestInnovation = innovation; 

                    bestMeasurement_sIndex = meas_i; 

                } 

            } 

 

            if(minimumSigmaDistance > gateValue) 

                break; 

 

            measurements.erase(measurements.begin() + bestMeasurement_sIndex); 

 

            M_nm K = _Pk * _HT * totalMeasurementNoise_m1; 

 

            _xk = _xk + K * bestInnovation; 

            _Pk = _Pk - K * _H * _Pk; 

            madeACorrection = true; 

        } 

        return madeACorrection; 

    } 

𝐻 𝐻𝑇 𝑅



/*! 

     * corrects the filtering with the casual measurement. Uses the embedded H and R 

matrices 

     */ 

    inline void correct(const vector_T<realT, measurementSize>& measurement) 

    { 

        correct(measurement, _H, _HT, _R); 

    } 

 

    /*! 

     * @brief corrects the filtering with the casual measurement. 

     * @param measurement 

     * @param _H 

     * @param _HT 

     * @param _R 

     * 

     * Since the default parameters cannot be expressed as depending on the this 

pointer, 

     * use the previous function if use the embedded H, H^T and R matrices. 

     */ 

    template<sizeT otherMeasurementSize> 

    inline void correct(const vector_T<realT, otherMeasurementSize>& measurement, 

        const matrix_T<realT, otherMeasurementSize, n>& _H /*= this->_H*/, 

        const matrix_T<realT, n, otherMeasurementSize>& _HT /*= this->_HT*/, 

        const matrix_T<realT, otherMeasurementSize, otherMeasurementSize>& _R /*= 

this->_R*/) 

    { 

        matrix_T<realT, otherMeasurementSize, otherMeasurementSize>  

            totalMeasurementNoise = _H * _Pk * _HT + _R; 

 

        //this ref is to make more sense, yet not use more space than needed. 

        //Note we don't use totalMeasurementNoise later anyway. 

        //it's the inverse of totalMeasurementNoise; 

        matrix_T<realT, otherMeasurementSize, otherMeasurementSize>&  

            totalMeasurementNoise_m1 = totalMeasurementNoise; 

 

        if( !invert(totalMeasurementNoise, totalMeasurementNoise_m1) ) 

            throw std::string("noise singularity exception !"); 

 

        vector_T<realT, otherMeasurementSize> innovation = measurement - _H * _xk; 

 

        //filter gain 'K' 

        matrix_T<realT, n, otherMeasurementSize> K =  

            _Pk * _HT * totalMeasurementNoise_m1; 

 

        _xk = _xk + K * innovation; 

        _Pk = _Pk - K * _H * _Pk; 

    } 

} 

 







 

 

 

 



 



 

 



 

 





 

 

 

 



 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 




















