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1918 

𝑟

𝑥𝑛

• 

• 

• 

𝑥𝑛+1 = 𝑟𝑥𝑛(1 − 𝑥𝑛)

𝑟 ∈ (0,4) 𝑥𝑛 ∈ (0,1)

𝑛

𝑟 ∈ (3.57,4)



1919 

• 

×

𝑤𝑖𝑑𝑜𝑤 = [𝑥1, 𝑥2, … … . . 𝑥𝑁𝑣𝑎𝑟]

𝑥 𝑥

𝑥 𝑓(𝑥1, 𝑥2, … … . . 𝑥𝑁𝑣𝑎𝑟)

• 



1920 

{
𝑦1 =∝× 𝑥1 + (1−∝) × 𝑥2

𝑦2 =∝× 𝑥2 + (1−∝) × 𝑥1

• 

• 

Original Image 
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Logistic Map Algorithm 
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Optimal Parameter Values 
(𝑋0 𝑎𝑛𝑑 𝑟) 

BWO Algorithm 
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Procreate, Cannibalism Rate, 

and Mutation Rate 
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Permutation Stage 



1921 

𝐾1, 𝐾2 𝐾1

𝐾2

𝐾1𝐾2

𝑟𝑥𝑛

𝑟 𝑥𝑛 3.57 − 4

𝑟

𝑥𝑛 .

𝑟 𝑥𝑛

512 × 512.



1922 

𝑥𝑛  𝑎𝑛𝑑 𝑟 (0,1) (3.57,4)
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• 

• 

7.965

7.97

7.975

7.98

7.985

7.99

0 20 40 60 80 100 120

CONVERGENCE RATE FOR DIFFERENT 
IMAGES

Lena Baboon Barbara Pepper Boat



1924 

𝐻(𝑚) = ∑ 𝑝(𝑚𝑖) × log2 (
1

𝑝(𝑚𝑖)
)2𝑀−1

𝑖=𝑜

𝑝(𝑚𝑖)

• 

𝑟 =
∑ ∑ (𝑂𝐼𝑖𝑗−𝑂𝐼̅̅ ̅)(𝐸𝐼𝑖𝑗−𝐸𝐼̅̅ ̅)𝑁

𝑗=1
𝑀
𝑖=1

√((𝑂𝐼𝑖𝑗−𝑂𝐼̅̅ ̅))
2

((𝐸𝐼𝑖𝑗−𝐸𝐼̅̅ ̅))

𝑂𝐼, 𝐸𝐼 𝑂𝐼̅̅ ̅, 𝐸𝐼̅̅ ̅

• 

𝑀𝑆𝐸 =
∑ ∑ (𝑂𝐼𝑖𝑗−𝐸𝐼𝑖𝑗)2𝑁

𝑗=1
𝑀
𝑖=1

𝑀×𝑁

𝑂𝐼, 𝐸𝐼 𝑀𝑁



1925 

• 

𝑃𝑆𝑁𝑅 = 10 log10
𝑃2

𝑀𝑆𝐸

𝑃

• 

𝑁𝑃𝐶𝑅 =
∑ ∑ 𝐷(𝑖,𝑗)𝑁

𝑗=1
𝑀
𝑖=1

𝑀×𝑁
× 100

𝐷(𝑖, 𝑗)
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