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–
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‘s
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–

LiDAR’s



–



–



–



–
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CHAPTER 3

(𝑥, 𝑦, 𝑧)(𝜑, 𝜃, 𝜓) 𝜑 𝜓𝜃



–



–

–

𝜑
 𝑅(𝑥, 𝜑) = [1 0 00 cos 𝜑 −sin 𝜑0 sin 𝜑 cos 𝜑 ]

𝜃
 𝑅(𝑦, 𝜃) = [ cos 𝜃 0 sin 𝜃0 1 0−sin 𝜃 0 cos 𝜃]

𝜓



–

 𝑅(𝑧, 𝜓) = [cos 𝜓 − sin 𝜓 0sin 𝜓 cos 𝜓 00 0 1]
(−𝜋 < 𝜑 < 𝜋) (− 𝜋2 < 𝜃 < 𝜋2) (−𝜋 < 𝜓 < 𝜋)

𝑅𝐼 = 𝑅(𝑧, 𝜓)𝑅(𝑦, 𝜃)𝑅(𝑥, 𝜑)
 𝑅𝐼 = [cos 𝜓 cos 𝜃 cos 𝜓 sin 𝜃 sin 𝜑 − sin 𝜓 cos 𝜑 cos 𝜓 sin 𝜃 cos 𝜑 + sin 𝜓 sin 𝜑sin 𝜓 cos 𝜃 sin 𝜓 sin 𝜃 sin 𝜑 + cos 𝜓 cos 𝜑 sin 𝜓 sin 𝜃 cos 𝜑 − cos 𝜓 sin 𝜑−sin 𝜃 cos 𝜃 sin 𝜑 cos 𝜃 cos 𝜑 ]



–

–

𝑑 =  𝑐 ∙ 𝑡2



–

𝑝%𝑝90
𝑝90 = 𝑣 [mm]

𝑝%𝐿𝑃
𝐿𝑝 =  𝑝100 ∗ (|𝑆| − 1) + 1

𝐿𝑃 𝐿𝑃 𝑝%



–

–

–

–



–

𝑝99%

–







–

(𝑥, 𝑦, 𝑧) (𝜑, 𝜃, 𝜓)𝑝𝑡

–

𝑣𝑡 𝑝𝑡𝑆𝑡 

← 3d_rotation_matrix( 𝑝𝑡𝑥 ∗, 𝑦 ∗, 𝑧 ∗
the nano quadcopter’s position (𝑥, 𝑦, 𝑧) 𝑜⃗𝑙 𝑜𝑥 𝑜𝑦 + 𝑙 𝑜𝑧

𝑏⃗⃗ 𝑓𝑙 𝑟



–

𝑏⃗⃗ =  (𝑜𝑥 − 𝑏, 𝑜𝑦, 𝑜𝑧)𝑓 =  (𝑜𝑥 + 𝑓, 𝑜𝑦, 𝑜𝑧)𝑙 =  (𝑜𝑥, 𝑜𝑦 + 𝑙, 𝑜𝑧)𝑟 =  (𝑜𝑥, 𝑜𝑦 − 𝑟, 𝑜𝑧)

𝑣𝑠𝑒𝑛𝑠𝑜𝑟

𝑣𝑏 = (𝑅𝐼 ∙ 𝑏⃗⃗) + 𝑜⃗𝑣𝑓 =  (𝑅𝐼 ∙ 𝑓) + 𝑜⃗𝑣𝑙 =  (𝑅𝐼 ∙ 𝑙) + 𝑜⃗𝑣𝑟 =  (𝑅𝐼 ∙ 𝑟) + 𝑜⃗



–

–

’s



–

𝑖
𝑡𝑡 − 1

𝑚 𝑚 𝑧1:𝑖𝑥𝑖:𝑡

𝑚 =  ∑ 𝑚𝑖𝑖  → 𝑝(𝑚) =  ∏ 𝑝(𝑚𝑖𝑖 )𝑝(𝑚 | 𝑧1:𝑖, 𝑥𝑖:𝑡)
100𝑥100210,000

𝑝(𝑚 | 𝑧1:𝑖, 𝑥𝑖:𝑡)  ≅  ∏ 𝑝(𝑚𝑖  | 𝑧1:𝑖, 𝑥𝑖:𝑡)𝑖

𝑝(𝑚 | 𝑧1:𝑖, 𝑥𝑖:𝑡)

𝑥𝑡





–

𝑜𝑑𝑑𝑠(𝐴) = 𝑜(𝐴) =  𝑝(𝐴)𝑝(¬𝐴) =  𝑝(𝐴)1 − 𝑝(𝐴)

 𝑝(𝑚𝑖 | 𝑧1:𝑡, 𝑥𝑖:𝑡)1 − 𝑝(𝑚𝑖  | 𝑧1:𝑡, 𝑥𝑖:𝑡) = 
=  𝑝(𝑚𝑖 | 𝑧𝑡, 𝑥𝑡)1 − 𝑝(𝑚𝑖 | 𝑧𝑡 , 𝑥𝑡) 𝑝(𝑚𝑖 | 𝑧1:𝑡−1, 𝑥1:𝑡−1)1 − 𝑝(𝑚𝑖  | 𝑧1:𝑡−1, 𝑥1:𝑡−1) 1 − 𝑝(𝑚𝑖)𝑝(𝑚𝑖)

𝑙𝑜𝑔 𝑜𝑑𝑑𝑠(𝐴) = 𝑙(𝐴) = log(𝑜(𝐴)) = log ( 𝑝(𝐴)𝑝(¬𝐴))

𝑙𝑡,𝑖 = 𝑙(𝑚𝑖  | 𝑧1:𝑡, 𝑥𝑖:𝑡) = log ( 𝑝(𝑚𝑖 | 𝑧1:𝑖, 𝑥𝑖:𝑡)1 − 𝑝(𝑚𝑖 | 𝑧1:𝑖, 𝑥𝑖:𝑡))



–

𝑝(𝑚𝑖 | 𝑧1:𝑡, 𝑥𝑖:𝑡) = 1 − 11 + exp (𝑙𝑡,𝑖)

–

𝑚, 𝑥𝑡 , 𝑧𝑡𝑚 𝑧𝑡𝑚𝑡,𝑐 =  𝑚𝑡−1,𝑐 + 𝑖𝑛𝑣𝑒𝑟𝑠𝑒_𝑠𝑒𝑛𝑠𝑜𝑟_𝑚𝑜𝑑𝑒𝑙(𝑐, 𝑥𝑡, 𝑧𝑡) −  𝑚𝑐,0 
𝑚𝑡,𝑐 =  𝑚𝑡−1,𝑐

𝐿𝑜𝑐𝑐 𝐿𝑓𝑟𝑒𝑒

ranger’s field of view. With the drone pose 𝑥𝑡𝑧𝑡𝑥𝑡 𝑥𝑡 𝑧𝑡



–

–

𝑐, 𝑥𝑡, 𝑧𝑡𝑧𝑡 

𝑧𝑡 𝐿𝑜𝑐𝑐 𝑧𝑡 𝐿𝑓𝑟𝑒𝑒

𝑥𝑡 𝑚𝑖

(cos 𝜃sin 𝜃     − sin 𝜃cos 𝜃 ) (𝑥𝑚𝑖 − 𝑥𝑦𝑚𝑖 − 𝑦)
𝑥𝑡 𝐿𝑜𝑐𝑐 𝐿𝑓𝑟𝑒𝑒 𝐿𝑜𝑐𝑐 =  0.9𝐿𝑓𝑟𝑒𝑒 = 0.1

𝑥𝑡 𝑧𝑡



–

–

 𝑥1, 𝑦1  𝑥2, 𝑦2
← ‹›

← 𝑥2 − 𝑥1
← 𝑦2 − 𝑦1

← 2 ∗ 𝑑𝑦 − 𝑑𝑥
← 2 ∗ 𝑑𝑦
← 2 ∗ (𝑑𝑦 − 𝑑𝑥)

𝑥1 > 𝑥2
← 𝑥2
← 𝑦2𝑥𝑓 ← 𝑥1
← 𝑥1
← 𝑦1𝑥𝑓 ← 𝑥2

‖(𝑥, 𝑦)𝑥 < 𝑥𝑓
← 𝑥 + 1𝑝 < 0

← 𝑝 + 𝑝2
← 𝑦 + 1
← 𝑝 + 𝑥𝑦2‖(𝑥, 𝑦)



–

𝐷1(𝑥1, 𝑦1) 𝐷2(𝑥2, 𝑦2)(𝑥1 + 1, 𝑦1) (𝑥1 + 1, 𝑦1 + 1) 𝐷2

∆𝑎 = 𝑥2 − 𝑥1 ∆𝑏 = 𝑦2 − 𝑦1
{ ∇1= 2∆𝑏 − ∆𝑎∇𝑖+1=  {∇𝑖 + 2∆𝑏 − 2∆𝑎                      𝑖𝑓 ∇𝑖 ≥ 0 ∇𝑖 + 2∆𝑏                                   𝑖𝑓 ∇𝑖 < 0 



–



–





–

–



CHAPTER 4
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–
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