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(2.1)

𝑓(𝑥, 𝑦) = 𝑖(𝑥, 𝑦) ∙ 𝑟(𝑥, 𝑦) (2.1)

𝑓(𝑥, 𝑦) 𝑖(𝑥, 𝑦)

𝑟(𝑥, 𝑦)



 

(2.2)

ℑ{𝑓(𝑥, 𝑦)} ≠ ℑ{𝑖(𝑥, 𝑦)}ℑ{𝑟(𝑥, 𝑦)} (2.2)



 

(2.3)

𝑧(𝑥, 𝑦) = log[𝑓(𝑥, 𝑦)] = log[𝑖(𝑥, 𝑦)] + log[𝑟(𝑥, 𝑦)] (2.3)

ℑ

(2.4)

ℑ{𝑧(𝑥, 𝑦)} = ℑ{log⁡[𝑖(𝑥, 𝑦)]} + ℑ{log⁡[𝑟(𝑥, 𝑦)]} → ⁡𝑍(𝑢, 𝑣) = 𝐼(𝑢, 𝑣) + 𝑅(𝑢, 𝑣) (2.4)

𝑆(𝑢, 𝑣)

𝑍 𝐻 (2.5)

𝑆(𝑢, 𝑣) = 𝐻(𝑢, 𝑣) ∙ 𝑍(𝑢, 𝑣) = 𝐻(𝑢, 𝑣) ∙ 𝐼(𝑢, 𝑣) + 𝐻(𝑢, 𝑣) ∙ 𝑅(𝑢, 𝑣) (2.5)

(2.6)

ℑ−1{𝑆(𝑢, 𝑣)} = 𝑠(𝑥, 𝑦) = 𝑖′(𝑥, 𝑦) + 𝑟′(𝑥, 𝑦) (2.6)

(2.7)

𝑖′(𝑥, 𝑦) = ℑ−1{𝐻(𝑢, 𝑣)𝐼(𝑢, 𝑣)}⁡⁡𝑒⁡⁡𝑟′(𝑥, 𝑦) = ℑ−1{𝐻(𝑢, 𝑣)𝑅(𝑢, 𝑣)} (2.7)

(6) 𝑧(𝑥, 𝑦)

log[𝑓(𝑥, 𝑦)] 𝑠(𝑥, 𝑦) (2.8)



 

𝑔(𝑥, 𝑦) = 𝑒[𝑠(𝑢,𝑣)] → 𝑒 [𝑖
′(𝑥,𝑦)+𝑟′(𝑥,𝑦)] ∴ 𝑒 𝑖

′(𝑥,𝑦)𝑒𝑟
′(𝑥,𝑦) (2.8)

𝑔(𝑥, 𝑦)

𝑓(𝑥, 𝑦).











 π

 π

𝑓𝑓𝑡(𝑥, 𝑁, 1)

𝑋⁡ = ⁡𝐷𝐹𝑇(𝑥) 𝑁

𝑠⁡ = ⁡1 𝑥 𝑥⁡ + ⁡𝑠

𝑥𝑠



 

(2.9)

𝐻(𝑢, 𝑣) =
1

1 + [𝐷0 𝐷(𝑢, 𝑣)⁄ ]2𝑛
⁡ (2.9)

𝑛 𝐷0

𝐷(𝑢, 𝑣) (𝑢, 𝑣)

(2.10)

𝐷(𝑢, 𝑣) = √[(𝑢 − 𝑃 2⁄ )2 + (𝑣 − 𝑄 2⁄ )2] (2.10)

𝑃⁡𝑒⁡𝑄

𝑍(𝑢, 𝑣)



 



 

𝐼𝑜

𝐼𝑓

𝐼𝑜 

 𝐼𝑜

𝐼𝑜  (𝑅𝐼𝑜 +𝐺𝐼 𝑜 + 𝐵𝐼𝑜)/3

𝐼𝑙𝑜𝑔  𝐼𝑜

𝐼𝑓𝑓𝑡  𝐼𝑙𝑜𝑔

𝐼𝑓𝑓𝑡

αL −αH

𝐼𝑒𝑓 

𝐼𝑖𝑓𝑓𝑡  |𝐼𝑒𝑓 |

𝐼𝑓 ⁡ 𝐼𝑖𝑓𝑓𝑡

𝐼𝑓

𝐼𝑜 (𝑥, 𝑦, 𝑧) 𝑧 𝑧 > 1

𝑛

1000/300⁡ 𝐷0

𝛼𝐿 − 𝛼𝐻⁡

(𝛼𝐿)

 



 

(2.11)

𝑝(𝑥) =
1

√2𝜋𝜎
exp [−

1

2
(
𝑥 − 𝜇

𝜎
)
2

] (2.11)

𝜇 𝑥 (2.12)

𝜇 = 𝐸[𝑥] = ∫ 𝑥𝑝(𝑥)𝑑𝑥

+∞

−∞

(2.12)

𝐸[∙] 𝑥 𝜎

𝑥 (2.13)

𝜎2 = 𝐸[(𝑥 − 𝜇)2] = ∫ (𝑥 − 𝜇)2𝑝(𝑥)𝑑𝑥

+∞

−∞

(2.13)

𝑛 × 𝑚

(2.11) (2.14)

𝑝(𝑥, 𝑦) =
1

2𝜋𝜎2
exp [−

1

2
(
𝑥2 + 𝑦2

𝜎2
)] (2.14)



 

5 × 5

(2.15).

∑ =
1

16

[
 
 
 
 
1 4 6 4 1
4 16 24 16 4
6
4
1

24
16
4

36 24 6
24 16 4
6 4 1 ]

 
 
 
 

(2.15)

𝜎

∑ 𝜎1
1 = 𝜎2

2



 

 



 



 

(2.16)

𝐼𝑓(𝑥) =
1

𝑊𝑝
∑ 𝐼(𝑥𝑖)𝑔𝑟(‖𝐼(𝑥𝑖) − 𝐼(𝑥)‖)𝑔𝑠(‖𝑥𝑖 − 𝑥‖)

𝑥𝑖∈Ω

(2.16)

𝐼𝑓 𝐼 𝑥

Ω 𝑥 𝑔𝑟

𝑔𝑠

𝑥

𝑊𝑝 (2.17)

𝑊𝑝 = ∑ 𝑔𝑟(‖𝐼(𝑥𝑖) − 𝐼(𝑥)‖)𝑔𝑠(‖𝑥𝑖 − 𝑥‖)

𝑥𝑖∈Ω
(2.17)



 

 

𝑛

𝑓(𝑥⃗) (2.18)



 

𝑓(𝑥⃗) =
1

𝑛𝑉𝑑
∑𝐾(𝑥⃗𝑖; 𝑥⃗, ℎ)

𝑛

𝑖=1

(2.18)

𝑉𝑑 𝑑 ℎ 𝑥⃗

(2.19)

∫ 𝑑𝑥⃗⁡𝑓(𝑥⃗) = 1 (2.19)

𝐾(𝑥⃗𝑖; 𝑥⃗, ℎ) (2.20)

(2.21)

𝐾(𝑥⃗𝑖; 𝑥⃗, ℎ) = {
1⁡⁡⁡⁡⁡⁡⁡⁡se⁡⁡⁡⁡⁡⁡‖𝑥⃗ − 𝑥⃗𝑖‖ ≤ ℎ

0⁡⁡⁡⁡⁡⁡⁡⁡se⁡⁡⁡⁡⁡⁡‖𝑥⃗ − 𝑥⃗𝑖‖ > ℎ
(2.20)

𝐺(𝑥⃗𝑖; 𝑥⃗, ℎ) = {
1⁡⁡⁡⁡⁡⁡⁡⁡se⁡⁡⁡⁡⁡⁡𝑥 ≤ 1
0⁡⁡⁡⁡⁡⁡⁡⁡se⁡⁡⁡⁡⁡⁡𝑥 > 1

(2.21)



 

𝑥⃗𝑖

𝑥⃗

𝑥⃗ 𝑥⃗𝑖

𝑥⃗

(𝑥, 𝑦, 𝑟, 𝑔, 𝑏) (2.22)

𝐾(𝑥⃗𝑖; 𝑥⃗, ℎ) = 𝐾𝑠𝑝𝑎𝑟𝑡𝑖𝑎𝑙(𝑥⃗𝑖
𝑠; 𝑥⃗ 𝑠, ℎ𝑠)𝐾𝑟𝑎𝑛𝑔𝑒(𝑥⃗𝑖

𝑟; 𝑥⃗𝑟 , ℎ𝑟) (2.22)



 

𝑥⃗ = (𝑥⃗𝑠, 𝑥⃗𝑟) 𝑥⃗𝑠 = (𝑥, 𝑦) 𝑥⃗𝑟 = (𝑟, 𝑔, 𝑏) ℎ𝑠

𝑥⃗ ℎ𝑟

(2.23)

𝑚⃗⃗⃗(𝑥⃗) =
∑ 𝐾(𝑥⃗𝑖; 𝑥⃗, ℎ)𝑥⃗𝑖
𝑛
𝑖=1

∑ 𝐾(𝑥⃗𝑖; 𝑥⃗, ℎ)
𝑛
𝑖=1

(2.23)

𝑥⃗𝑠 𝑥⃗𝑟

{𝑥⃗𝑖|𝑖 = 1, … , 𝑛}

{𝑧𝑖|𝑖 = 1,… , 𝑛} 𝑥⃗𝑖
𝑟

𝑧𝑖
𝑟

𝑦⃗𝑖 = (𝑥⃗𝑖
𝑠
, 𝑧𝑖

𝑟
)

{𝑦⃗𝑖|𝑖 = 1,… , 𝑛}

(ℎ𝑠, ℎ𝑟) = (16,32) (ℎ𝑠, ℎ𝑟) = (16, 64)



 

 

 

(𝑥, 𝑦)⁡

𝑧



 



 



 

 



 



 

(2.24)

𝐸(𝐿) = ∑ 𝐷𝑖(𝐿𝑖) + ∑ 𝑉𝑖,𝑗(𝐿𝑖, 𝐿𝑗)

(𝑖,𝑗) ∈ 𝐸𝑖 ∈ 𝑉

(2.24)

𝐿𝑖

𝐷𝑖

𝑉𝑖,𝑗

(𝑖, 𝑗) ∈  𝐸 𝑥𝑖 𝑥𝑗

(𝑥𝑖, 𝑥𝑗) 𝐺



 

 

 



 

 

(2.25)

𝐸(𝛼, 𝑘, 𝜃, 𝑧) = 𝑈(𝛼, 𝑘, 𝜃, 𝑧) + 𝑉(𝛼, 𝑧) (2.25)

𝛼 𝑘

𝑧

𝜃 𝑉(∙) 𝑈(∙)



 

 



 

 

 



 

 

 

 



 

 



 

 



 



 

(2.25)

(3.1)

Contrast(𝑃, 𝑄) = 𝐷𝐾𝐿(𝑃, 𝑄) + 𝐷𝐾𝐿(𝑄, 𝑃)
(3.1)

𝐷𝐾𝐿(𝑃, 𝑄) = ∑ 𝑝𝑖 log 𝑝𝑖/𝑞𝑖
𝑁
𝑖=1 𝑃 𝑄



 



 



 



 



 

 

(3.2)



 

𝑑(𝑃, 𝑄) = √1 −∑√𝑃(𝑏𝑖)𝑄(𝑞𝑖)

𝑁

𝑖=1

(3.2)

𝑃 𝑄

𝑥, 𝑦 𝑏 𝑞 𝑖



 



 

 



 



 



 

 

 

 

 

 



 



 



 



 

 

 

 

 

 

𝑓/4.5



 

 

 

 

 



 

 

 

https://github.com/hyperiondeimos


 

(4.1)

𝑃𝑚𝑎𝑥 = 1 − 𝑒
−(𝜁𝜋 √1−𝜁2⁄ )

(cos𝜔 +
𝜁

√1 − 𝜁2
sen𝜔) = 1+ 𝑒

−(𝜁𝜋 √1−𝜁2⁄ ) (4.1)

𝜔 𝜋

(4.1) 𝑃

𝜁

(𝑃𝑓𝑖𝑛𝑎𝑙) 𝐹𝐵 = (𝑃𝑚𝑎𝑥 − 𝑃𝑓𝑖𝑛𝑎𝑙) 𝑃𝑓𝑖𝑛𝑎𝑙⁄

𝑃𝑓𝑖𝑛𝑎𝑙 = 1

(4.1) (4.2)

𝐹𝐵 = 𝑒
−(𝜁𝜋 √1−𝜁2⁄ ) (4.2)



 

𝐹𝐵

(4.3)

𝐹𝐵 = (𝐼𝑥𝑖 𝑀𝑝⁄ )𝑒
−(𝜁𝜋 √1−𝜁2⁄ ) (4.3)

𝑀𝑝 𝐼

𝑥 = (𝑛,𝑚) 𝑖

(4.4)

𝐹𝐶𝐵 = |𝛿 log(𝜁 + 1) −
𝐼𝑥𝑖
𝑀𝑝
| 𝑒

−(𝜁𝜋 √1−𝜁2⁄ ) (4.4)

𝛿

𝐹𝐶𝐵

𝜁 = 0.63



 

(4.5)

𝐹𝐴𝐶𝐵 = |𝛿 log(𝜁 + 1) −
𝐼𝑥𝑖𝑀𝑝

2𝜋𝜎
| 𝑒

−(𝜁𝜋 √1−𝜁2⁄ ) (4.5)

𝜎 𝐼

(4.4) (4.5)

(4.6)



 

𝜁 = 0.6



 

𝐼𝐹𝑥,𝑦 = 𝛼 ∙ 𝐼𝑥,𝑦 + 𝛽 ∙ 𝐹𝐴𝐶𝐵𝑥,𝑦 + 𝛾
(4.6)

𝛼 𝛽 𝛾 𝐼

(𝑥, 𝑦) 𝐼𝐹

𝛼, 𝛽 𝛾

𝜁 = 0.63

(4.5)



 

®

 



 

(4.7)

𝐷𝑃𝑢,𝑣 =

{
 
 

 
 1

𝑁2
∑ ∑𝑃𝑥,𝑦

𝑁−1

𝑦=0

𝑁−1

𝑥=0

⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡se⁡𝑢 = 𝑣 = 0

2

𝑁2
∑∑𝑃𝑥,𝑦 × cos [

(2𝑥 + 1)𝑢𝜋

2𝑁
] × cos [

(2𝑦 + 1)𝑣𝜋

2𝑁
]

𝑁−1

𝑦=0

𝑁−1

𝑥=0

⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡c. c.

(4.7)

𝑁 𝑃 (𝑥, 𝑦) 𝐷𝑃

(𝑢, 𝑣)



 

(4.8)

𝑇𝑢,𝑣 = 𝐷𝑃𝑢,𝑣 ∗ 𝐻𝐹𝑢,𝑣
(4.8)

𝐻𝐹 (4.9)

𝐻𝐹𝑢,𝑣 = [(1−
1

1 + 𝑒𝑟−𝜏
) (𝑈 − 𝐿) + 𝐿] (4.9)

𝑟2 = 𝑢2 + 𝑣2 (𝑢, 𝑣)

𝜏

𝑈 𝐿

(4.10)

𝐼𝐹𝑥,𝑦 =⁡
1

𝑁2
∑∑𝐷𝑃𝑢,𝑣 × cos [

(2𝑥 + 1)𝑢𝜋

2𝑁
]× cos [

(2𝑦+ 1)𝑣𝜋

2𝑁
]

𝑁−1

𝑣=0

𝑁−1

𝑢=0

(4.10)

𝑈 = 2.0 𝐿 = 0.5 𝜏 = 0.65



 



 



 

 



 

(4.6)

(4.11)

𝑀𝑥,𝑦 = 𝛼 ∙ 𝐺𝑥,𝑦 +𝛽 ∙ 𝐼𝐹𝑥,𝑦 + 𝛾 (4.11)

𝑀 𝐺

𝐼𝐹 (𝑥, 𝑦) 𝛼 = 1.5

𝛽 = −0.5 𝛾 = 0.0



 

 



 

(4.12)

𝐼𝑥,𝑦 = {
0⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡se⁡𝑃(𝑥, 𝑦) > 𝑡⁡

valor⁡máx.⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡caso⁡contrário
(4.12)

𝐼 (𝑥, 𝑦) 𝑃 𝑡

𝑡 (4.13)

𝜎𝜔
2(𝑡) = 𝜔0(𝑡)𝜎0

2(𝑡) + 𝜔1(𝑡)𝜎1
2(𝑡) (4.13)

𝜎𝜔 𝜔0,1

𝑡 𝜎0,1

𝐿

(4.14)

𝜔0(𝑡) =∑𝑝(𝑖)

𝑡−1

𝑖=0

⁡⁡𝑒⁡⁡𝜔1(𝑡) =∑𝑝(𝑖)

𝐿−1

𝑖=𝑡

(4.14)

(4.15)

𝜎𝑏
2 = 𝜎2 − 𝜎𝜔

2 = 𝜔0(𝑡)𝜔1(𝑡)[𝜇0(𝑡) − 𝜇1(𝑡)]
2 (4.15)



 

𝜎𝑏

𝜇0,1

(4.16)

𝜇0(𝑡) =∑
𝑖 ∙ 𝑝(𝑖)

𝜔0

𝑡−1

𝑖=0

⁡⁡⁡𝑒⁡⁡⁡𝜇1(𝑡) =∑
𝑖 ∙ 𝑝(𝑖)

𝜔1

𝐿−1

𝑖=𝑡

(4.16)

𝐺𝑥,𝑦

𝐵𝑥,𝑦

𝐿𝑖 𝑝𝑖 𝐺

𝜔𝑖(0) 𝜇𝑖(𝑡)

𝑡

𝜔𝑖 𝜇𝑖

𝜎𝑏
2

𝜎𝑏
2(𝑡)

𝑡 ← ⁡𝜎𝑏𝑚𝑎𝑥
2 (𝑡)

𝐵 ← (𝐺, 𝑡)

𝐵



 

0 0 0 0 0 0 0
0 1 1 1 1 1 0
0
0
0
0
0

1
1
1
1
0

1
1
1
1
0

1
1
1
1
0

1
1
1
1
0

1
1
1
1
0

0
0
0
0
0

0 0 0 0 0 0 0
0 1 1 1 1 1 0
0
0
0
0
0

1
1
1
1
0

2
2
2
1
0

2
3
2
1
0

2
2
2
1
0

1
1
1
1
0
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𝑑(𝐻ℎ , 𝐻𝑠) = 2 ∗∑
[𝐻ℎ(𝐼𝑟)− 𝐻𝑠(𝐼𝑟)]

2

𝐻ℎ(𝐼𝑟)+ 𝐻𝑠(𝐼𝑟)
𝐼𝑟

(4.17)

𝑑

𝐻ℎ 𝐻𝑠 𝐼𝑟

𝑛

𝐻𝑐 𝐻𝑞

𝐻𝑐 ←

𝐻𝑞 ←

𝐻𝑐 𝑛 − 1

𝐻𝑞 𝑛 − 1

𝑛 ← 𝑛 − 1
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function acbf(filename) 
  
%% Função Active Color Boost Filter 
%   
%  Essa função tem o objetivo de aplicar o filtro Active Color Boost na Imagem 
%  Inserida.  
%   
%  Input: imagem de entrada 
%   
%  Output: imagem com o active color boost aplicado 
%   
%  Exemplo: acbf('image3.png'); 
  
%% Leitura da imagem 
    img = imread(filename); 
    %img = imresize(img, 0.5); 
    [r, c, s] = size(img); 
  
    imgHSV = rgb2hsv(img); 
    H = imgHSV(:,:,1); 
    S = imgHSV(:,:,2); 
    V = imgHSV(:,:,3); 
  
%% Retira os valores da média e variancia dos canais H e S 
    meanH = mean2(H); 
    meanS = mean2(S); 
    devH = std(H(:)); 
    devS = std(S(:)); 
    sigma = 0.63; 
    t = abs(20*log(sigma+1)); 
  
    %% Aplicação do filtro no canal H 
    for i = 1:r 
        for j = 1:c 
            x = abs((H(i,j)*meanH)/(2*pi*devH^2)); 
            es = exp((-sigma*pi)/((1-sigma^2)^0.5)); 
            imgnH(i,j) = 0.5*H(i,j) + 0.5*H(i,j).*((t-x)*es); 
        end 
    end 
  
    % for i = 1:r 
    %     for j = 1:c 
    %         x = abs((S(i,j)*meanS)/(2*pi*devS^2)); 
    %         es = exp((-sigma*pi)/((1-sigma^2)^0.5)); 
    %         imgnS(i,j) = 0.17*S(i,j) + 0.83*S(i,j).*((t-x)*es); 
    %     end 



 

    % end 
  
    %% Concatenação e melhoria da imagem 
    eHSVcommon = cat(3, H, S, imadjust(V)); 
    eHSVacb = cat(3, imgnH, S, imadjust(V)); 
    imgRGBcomm = hsv2rgb(eHSVcommon); 
    imgRGBacb = hsv2rgb(eHSVacb); 
    % eme(imgRGBcomm) 
    % eme(imgRGBacb) 
    % entropy(imgRGBcomm) 
    % entropy(imgRGBacb) 
  
    %% Exibe e grava a imagem com o Color Boost 
    figure, imshow(img), figure, imshow(imgRGBcomm), figure, imshow(imgRGBacb) 
    imwrite(imgRGBacb,'imgCBF.png'); 
    %imwrite(imgRGB1,'withoutColorBoost.jpg'); 
end 
 
%EOF 

function cbf(filename) 

  
%% Função Color Boost Filter 
%   
%  Essa função tem o objetivo de aplicar o filtro Color Boost na Imagem 
%  inserida.  
%   
%  Input: imagem de entrada 
%   
%  Output: imagem com o color boost aplicado 
%   
%  Exemplo: cbf('image3.png'); 
  
%% Leitura da imagem 
    img = imread(filename); 
    %img = imresize(img, 0.5); 
    [r, c, s] = size(img); 
  
imgHSV = rgb2hsv(img); 
H = imgHSV(:,:,1); 
S = imgHSV(:,:,2); 
V = imgHSV(:,:,3); 
  
%% Retira os valores da média e variancia dos canais H e S 
meanH = mean2(H); 
meanS = mean2(S); 
sigma = 0.63; 
t = abs(20*log(sigma+1)); 
  
%% Aplicação do filtro no canal H 
for i = 1:r 
    for j = 1:c 
        x = abs(H(i,j)/meanH); 
        es = exp((-sigma*pi)/((1-sigma^2)^0.5)); 
        imgnH(i,j) = H(i,j).*((t-x).*es); 



 

    end 
end 
  
%% Aplicação do filtro no canal S 
for i = 1:r 
    for j = 1:c 
        x = abs(S(i,j)/meanS); 
        es = exp((-sigma*pi)/((1-sigma^2)^0.5)); 
        imgnS(i,j) = S(i,j).*((t-x).*es); 
    end 
end 
  
%% Concatenação e melhoria da imagem 
enhancedHSV1 = cat(3, imadjust(H), imadjust(S), imadjust(V)); 
enhancedHSV2 = cat(3, imadjust(imgnH), imadjust(imgnS), imadjust(V)); 
imgRGB1 = hsv2rgb(enhancedHSV1); 
imgRGB2 = hsv2rgb(enhancedHSV2); 
  
%% Exibe e grava a imagem com o Color Boost 
figure, imshow(img), figure, imshow(imgnH), figure, imshow(imgRGB1), figure, 
imshow(imgRGB2) 
imwrite(imgRGB2,'imgColorBoost.png'); 
  
end 
 
%EOF
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