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𝜕𝑓

𝜕𝑥
= lim

𝜖→0

𝑓(𝑥 + 𝜖) − 𝑓(𝑥𝑛)

𝜖



𝜕𝑓

𝜕𝑥
≈
𝑓(𝑥𝑛+1) − 𝑓(𝑥𝑛)

Δ𝑥

𝜕𝑓

𝜕𝑥
= lim

𝜖→0

𝑓(𝑥 + 𝜖) − 𝑓(𝑥𝑛)

𝜖



     







 






 





yxfyxf

x

yxf ,,
lim

,

0

     







 






 





yxfyxf

y

yxf ,,
lim

,

0

     
x

yxfyxf

x

yxf mnmn








  ,,, 1

     
x

yxfyxf

y

yxf mnmn








  ,,, 1

 11 










1

1

Discrete Approximation

Horizontal 

Convolution Kernels

Vertical 











𝑓𝑥 𝑥 = 𝑓 𝑥 − 1 − 𝑓(𝑥 + 1)

𝑡

𝑓𝑥 = 𝑓 ⊗

𝑓𝑦 = 𝑓 ⊗
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 11  ℎ𝑥 = 𝑠⊛ 𝑑𝑥 =𝑠 = 𝑑𝑥 =

ℎ𝑦 = 𝑠⊛ 𝑑𝑦 =𝑠 = 𝑑𝑦 =

















11

11

11










111

111























101

101

101

















 111

000

111



















11

22

11










1

1

 11 























101

202

101

















 121

000

121










121

121

𝑠 = 𝑑𝑥 =

𝑠 = 𝑑𝑦 =

ℎ𝑥 = 𝑠⊛ 𝑑𝑥 =

ℎ𝑦 = 𝑠⊛ 𝑑𝑦 =





𝛻𝐼𝑥 = 𝐼 ⊛ 𝑑𝑥

𝜵𝐼(𝑟, 𝑐) =
𝛻𝐼𝑥(𝑟, 𝑐)
𝛻𝐼𝑦 (𝑟, 𝑐)



𝛻𝐼𝑦 = 𝐼 ⊛ 𝑑𝑦
𝑑𝑦= 𝑑𝑥′

𝜵𝐼(𝑟, 𝑐) =
𝛻𝐼𝑥(𝑟, 𝑐)
𝛻𝐼𝑦 (𝑟, 𝑐)



𝛻𝐼 = 𝐼 ⊛ 𝑑𝑥
2 + 𝐼 ⊛ 𝑑𝑦

2

𝜵𝐼(𝑟, 𝑐) =
𝛻𝐼𝑥(𝑟, 𝑐)
𝛻𝐼𝑦 (𝑟, 𝑐)



∠𝛻𝐼 𝑟, 𝑐 = atand
𝛻𝐼2(𝑟, 𝑐)

𝛻𝐼1(𝑟, 𝑐)
= atand

𝐼 ⊛ 𝑑𝑥 (𝑟, 𝑐)

𝐼 ⊛ 𝑑𝑦 (𝑟, 𝑐)





𝛻𝐼 𝑟, 𝑐 =
𝐼 ⊛ 𝑑𝑥
𝐼 ⊛ 𝑑𝑦

(𝑟, 𝑐)

𝑑𝑥 =
1 1 1
0 0 0
−1 −1 −1

, 𝑑𝑦 = 𝑑𝑥′

|𝛻𝐼 𝑟, 𝑐 |

∠𝛻𝐼 𝑟, 𝑐















𝛻2𝐼 =
𝜕2𝐼

𝜕𝑥2
+
𝜕2𝐼

𝜕𝑦2

𝜕2𝐼

𝜕𝑥2
= 𝐼 𝑥 + 1, 𝑦 + 𝐼 𝑥 − 1, 𝑦 − 2𝐼(𝑥, 𝑦)

𝜕2𝐼

𝜕𝑦2
= 𝐼 𝑥, 𝑦 − 1 + 𝐼 𝑥, 𝑦 + 1 − 2𝐼(𝑥, 𝑦)

𝛻2𝐼 = 𝐼 𝑥 + 1, 𝑦 + 𝐼 𝑥 − 1, 𝑦 + 𝐼 𝑥, 𝑦 − 1 + 𝐼 𝑥, 𝑦 + 1 − 4𝐼 𝑥, 𝑦



0 1 0

1 -4 1

0 1 0

1 1 1

1 -8 1

1 1 1

𝛻2𝐼 =
𝜕2𝐼

𝜕𝑥2
+
𝜕2𝐼

𝜕𝑦2







𝐺(𝑟, 𝑐) = 𝐼(𝑟, 𝑐) + 𝑘[𝛻2𝐼 𝑟, 𝑐 ]



𝐺(𝑟, 𝑐) = 𝐼(𝑟, 𝑐) + 𝑘[𝛻2𝐼 𝑟, 𝑐 ]
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𝛻𝐼 = 𝐼 ⊛ 𝑑𝑥
2 + 𝐼 ⊛ 𝑑𝑦

2
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Threshold
Edges

any alternative ?

Discrete Derivatives Gradient Norms
Threshold
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http://perso.limsi.fr/Individu/vezien/PAPIERS_ACS/canny1986.pdf
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𝜃(𝒙𝟎) = atan
ൗ𝜕 𝜕𝑦 𝐼(𝒙𝟎)

ൗ𝜕 𝜕𝑥 𝐼(𝒙𝟎)
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𝑛
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•
𝑛 𝑛−1

2

• 𝑛
𝑛 𝑛−1

2

•

∼ 𝑛3



𝑚, 𝑞)

𝑦 = 𝑚𝑥 + 𝑞

(𝑥𝑖 , 𝑦𝑖) 𝑞 = −𝑥𝑖𝑚+ 𝑦𝑖
𝑚, 𝑞 (𝑥𝑖, 𝑦𝑖)

𝑞 = −𝑥𝑖𝑚+ 𝑦𝑖

𝑚, 𝑞



(𝑥1, 𝑦1)

(𝑥2, 𝑦2)

𝑥

𝑦

𝑚

𝑞

𝑞 = −𝑥1𝑚+ 𝑦1



(𝑥1, 𝑦1)

(𝑥2, 𝑦2)

𝑥

𝑦

𝑚

𝑞

𝑞 = −𝑥1𝑚+ 𝑦1

𝑞 = −𝑥2𝑚 + 𝑦2



(𝑥1, 𝑦1)

(𝑥2, 𝑦2)

𝑥

𝑦

𝑚

𝑞

𝑞 = −𝑥1𝑚+ 𝑦1

𝑞 = −𝑥2𝑚 + 𝑦2

ഥ𝑚, ത𝑞 𝑦 = ഥ𝑚𝑥 + ത𝑞
(𝑥1, 𝑦1) (𝑥2, 𝑦2)



(𝑥1, 𝑦1)

(𝑥2, 𝑦2)

𝑥

𝑦

𝑚

𝑞

𝑞 = −𝑥1𝑚+ 𝑦1

𝑞 = −𝑥2𝑚 + 𝑦2

ഥ𝑚, ത𝑞 𝑦 = ഥ𝑚𝑥 + ത𝑞
(𝑥1, 𝑦1) (𝑥2, 𝑦2)



(𝑥1, 𝑦1)

(𝑥2, 𝑦2)

𝑥

𝑦

𝑚

𝑞

𝑞 = −𝑥1𝑚+ 𝑦1

𝑞 = −𝑥2𝑚 + 𝑦2

ഥ𝑚, ത𝑞 𝑦 = ഥ𝑚𝑥 + ത𝑞
(𝑥1, 𝑦1) (𝑥2, 𝑦2)



𝑞 = −𝑥𝑖𝑚+ 𝑦𝑖 , ∀(𝑥𝑖 , 𝑦𝑖)

• 𝑚, 𝑞

•

•

𝑚



𝑥 cos 𝜃 + 𝑦 sin 𝜃 = 𝜌

𝜌, 𝜃 , 𝜌 ∈ −𝐿, 𝐿 , 𝜃 ∈ −
𝜋

2
,
𝜋

2

𝜌

𝜃





𝜌, 𝜃

𝜌, 𝜃






