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Scaling
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CROPPING
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Seam carving
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ü˕̘̝̈̔̉̓ ́̌̄̏̑̉̓̍ ̜̠̃̑̆̈́̎̉ ̙̃̏̃Ȣ

ü˝̝́̈̏̂̑́̓ ̘̍́̓̆̍́̓̉̆̒̋̉̆ ̖̜̐̏̅̏̅ ̋ 

̟̉̈̍̆̑̆̎̉ Ȱ̞̎̆̑̄̉̉ó.

ü˝̝̆́̌̉̈̏̃́̓ ̐̑̏̄̑́̍̍̔ ̠̅̌ ̑́̒̒̍́̓̑̉̃́̆̍̏̄̏ 

́̌̄̏̑̉̓̍́ ̒ ̘̜̑́̈̌̉̎̍̉ ̍̆̓̏̅́̍̉ ̠̉̈̍̆̑̆̎̉ 

̞̎̆̑̄̉̉Ȣ

üˑ ̏̐̏̌̎̆̎̉̆ȡ ̝̑̆́̌̉̈̏̃́̓ ̍̆̓̏̅ ̃̒̓́̃̋̉ ̙̃̏̃Ȣ

ȳɌɐɌɣɔ ȹȴȼ

5



ü˚̘́̈̎́́̆̍ ̋́̇̅̏̍̔ ̟̐̉̋̒̆̌ ̞̟̎̆̑̄̉ ̃ 

̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̓̏̄̏ȟ ̝̎́̒̋̏̌̋̏ ̏̎ ̎̆̏̅̎̏̑̏̅̆̎ 

ɉ̘̠̏̓̌̉́̆̓̒ ̏̓ ̟̖̏̋̑̔̇́̉̚ ̆̄̏ ̐̉̋̒̆̌̆̊ɊȢ 

ü̃ ̠̑̉̍̆̎̆̍ ̘̅̉̎́̍̉̆̒̋̏̆ ̐̑̏̄̑́̍̍̉̑̏̃́̎̉̆ȟ 

̘̜̓̏̂ ̎́̊̓̉ ̝̐̔̓ ̘̆̑̆̈ ̉̈̏̂̑́̇̆̎̉̆ ̒ 

̝̙̎́̉̍̆̎̆̊ ̞̎̆̑̄̉̆̊Ȣ

üˠ̠̅́̌̆̍ ̜̎́̊̅̆̎̎̊ ̝̐̔̓Ȣ

Ȭɗɏɚɜɔɞɘ ɎɧɜɑɓɌəɔɫ ɤɎɚɎ 

6



ˑ̘̉̎́̍̉̆̒̋̏̆ ̐̑̏̄̑́̍̍̉̑̏̃́̎̉̆ ̐̏̍̏̄́̆̓ ̝̑́̈̂̉̓ ̐̑̏̂̌̆̍̔ ̎́ ̘̐̏̅̈́̅́̉Ȣ 
˜̑̏̂̌̆̍́ ̃ ̓̏̍ȟ ̘̓̏ ̐̑̉ ̠̐̑̉̎̓̉̉ ̙̠̑̆̆̎̉ ̏ ̟̒̌̆̅̔̆̍̚ ̙́̄̆ ̜̍ ̎̆ 
̘̜̔̉̓̃́̆̍ ̘̝́̒̓ ̙̃́ ̃̐̆̑̆̅̉ȟ ̝̃̆̅ ̜̒́̍̊ ̞̘̎̉̈̋̏̎̆̑̄̆̓̉̆̒̋̉̊ ̙̏̃ ̎̆ 
̠̝̏̂̈́̓̆̌̎̏ ̖̐̑̏̏̅̉̓ ̘̆̑̆̈ ̐̉̋̒̆̌̉ ̒ ̝̙̎́̉̍̆̎̆̊ ̞̎̆̑̄̉̆̊ȟ ̎́̐̑̉̍̆̑ȡ

Ȼɚɔɝɖ əɔɓɖɚɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ ɤɎɌ

4

10

6 8 10

1

1 9

5
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ˑ̠̌ ̋́̇̅̏̄̏ ̠̐̉̋̒̆̌ ̠̑̅́ ̘̉̈̔́̆̍ ̓̑̉ ̖̒̏̒̆̅̎̉ 
̠̐̉̋̒̆̌ ̃ ̒̓̑̏̋̆ ̎̉̇̆Ȣ ˡ̝̜̔̎̅́̍̆̎̓́̌̎̊ 
̜̃̂̏̑ ɂ̋́̋̏̊ ̉̈ ̙̃̏̃ ̝̐̑̏̅̏̌̇́̓ȩ

p i x e l

Ȼɚɔɝɖ əɔɓɖɚɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ ɤɎɌ

? 
?

?
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1 4 3 5 2

3 +1
4

2 +1
3

5 +3
8

2 +2
4

3 +2
5

5 +3
8

1 +3
4

4 +3
7

2 +4
6

1 +4
5

ȽɌɘɧɕ əɔɓɖɚɩəɑɜɏɑɞɔɣɑɝɖɔɕ

ɤɚɎ

˚̖́̏̅̉̍ ̝̐̉̋̒̆̌ ̃ ̐̏̒̌̆̅̎̆̍ ̠̑̅̔ ̒ ̝̍̉̎̉̍́̌̎̏̊ ̞̎̆̑̄̉̆̊Ȣ ˛̎ 
̖̑́̎̉̓ ̃ ̒̆̂̆ ̝̃̆̒ ̝̐̔̓ ̅̏ ̎̆̄̏Ȣ ˛̝̒̓́̌̏̒ ̠̝̠̐̏̅̎̓̒ ̏̓ ̐̏̒̌̆̅̎̆̄̏ 

̠̑̅́ ̋ ̐̆̑̃̏̍̔ȟ ̝̠̉̒̐̏̌̈̔ ̜̇́̅̎̊ ́̌̄̏̑̉̓̍Ȣ

ȽɟɘɘɌ 

ɞɑɖɟɥɑɏɚ 

ɛɔɖɝɑɗɫ ɔ 

ɘɔəɔɘɌɗɨəɚɏɚ 

ɔɓ ɝɚɝɑɐɑɕ 

Ɏɑɜɡəɑɏɚ ɜɫɐɌ

Ȼɚɔɝɖ əɔɓɖɚɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ ɤɎɌ
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ˍ̜̌̄̏̑̉̓̍ ̜̠̃̅̆̌̆̎̉ ̗̄̑́̎̉ ̜̘̏̂̎̏ ̟̠̑̆́̌̉̈̔̓̒ ̒ ̝̟̐̏̍̏̚ ̧̒̃̑̓̋̉Ȣ 
˞̧̃̑̓̋́ɂ ̞̓̏ ̗̠̏̐̆̑́̉ ̜̘̠̃̉̒̌̆̎̉ ̎̏̃̏̄̏ ̘̠̈̎́̆̎̉ ̜̃̂̑́̎̎̏̄̏ ̠̐̉̋̒̆̌ 

̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̖̒̏̒̆̅̎̉Ȣ ˑ̠̌ ̞̓̏̄̏ ̎̔̇̎́ ̠̏̒̏̂́ ̗̍́̓̑̉́ -̠̅̑̏.
ˑ̠̌ ̜̑́̂̏̓ ̒ ̗̍́̓̑̉́̍̉ ̉̈̏̂̑́̇̆̎̉̊ ̠̠̐̑̉̍̆̎̆̓̒ ̠̅̃̔̍̆̑̎́ ̠̅̉̒̋̑̆̓̎́ 

̧̒̃̑̓̋́ ̍̆̇̅̔ ̜̅́̎̎̍ ̉̈̏̂̑́̇̆̎̉̆̍ ̉ ̠̅̑̏̍ȡ

Convolution

Ὢὼȟώ ὑ Ὅzὼȟώ ὑὭȟὮὍὼ Ὥȟώ Ὦ

ː̅f̆(x, y) ð̏ ̂̑́̂̏̓́̎̎̏̆̉̈̏̂̑́̇̆̎̉̆ȟI(x, y) ð̏ ̝̑̉̄̉̎́̌̎̏̆
̉̈̏̂̑́̇̆̎̉̆ȟK ð̠ ̅̑̏̒̃ ̧̑̓̋̉ȟ-z̧̗̠̏̐̆̑́̉̒̃̑̓̋̉

10



x1 x2 x3

x4 x0 x5

x6 x7 x8

m1 m2 m3

m4 m0 m5

m6 m7 m8

yᶻ

ȴɝɡɚɐəɚɑ 

ɔɓɚɍɜɌɒɑəɔɑȸɌɞɜɔɢɌ 

ɝɎɬɜɞɖɔ (ɫɐɜɚ)

Ȯɗɔɫɪɥɔɑ ɛɔɖɝɑɗɔȳɌɎɔɝɔɘɧɕ ɛɔɖɝɑɗɨ

Ȼɚɗɟɣɑəəɚɑ 

ɔɓɚɍɜɌɒɑəɔɑ

Image Convolution
Example
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˙̜̆̓̏̅ ̜̠̃̅̆̌̆̎̉ ̗̄̑́̎̉ ̍̏̇̎̏ ̝̑́̈̅̆̌̉̓ ̎́ ̅̃̆ ̋́̓̆̄̏̑̉̉ȡ 
̜̍̆̓̏̅ȟ ̜̏̒̎̏̃́̎̎̆ ̎́ ̐̏̉̒̋̆ ̍́̋̒̉̍̔̍̏̃ȟ ̉ ̜̍̆̓̏̅ȟ ̜̏̒̎̏̃́̎̎̆ ̎́ 

̐̏̉̒̋̆ ̎̔̌̆̊Ȣ

ˏ̜̅̆̌̆̎̉̆ 
̗̄̑́̎̉

˞ ̝̟̐̏̍̏̚ 
̄̑́̅̉̆̎̓́

ˍ̌̄̏̑̉̓̍ ˗̞̎̎̉
˞̜̓́̎̅́̑̓̎̆ 
̜́̌̄̏̑̉̓̍

˛̐̆̑́̓̏̑ 
˜̟̑̉̓̓́

˛̐̆̑́̓̏̑ 
˞̠̏̂̆̌

˛̐̆̑́̓̏̑ 
˝̏̂̆̑̓̒́

˞ ̝̟̐̏̍̏̚ 
˘́̐̌́̒̉́̎́

ˍ̌̄̏̑̉̓̍ 

˙́̑̑-ˢ̉̌̅̑̆̓̓́

Edge detection

12



Original Images
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ˏ̆̋̓̏̑ ̄̑́̅̉̆̎̓́ ̠̉̈̏̂̑́̇̆̎̉ I(x, y) :

Gradient based 
Edge operator

�ɳ,���[���\��

‬�,���[���\��
‬ὼ

‬�,���[���\��
‬ώ

Ὅ
)

˒̃̋̌̉̅̏̃́̎̏̑̍́̄̑́̅̉̆̎̓́:

�ɳ,���[���\�� Ὅ Ὅ
14
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Image Derivative

ÄὍὼ

ÄØ
ÌÉÍ
Ўᴼ

)Ø ЎØ )Ø

ЎØ

˛̐ ̠̑̆̅̆̌̆̎̉̆̐̑̏̉̈̃̏̅̎̏̊̐̆̑̃̏̄̏̐̏̑̅̋́ȡ

˟́̋̋́ ̋̍̉ ̝̠̗̎̉̍́̌̎́̑́̈̎̉́Ўὼ̍ ̠̆̇̅̔̐̉̋̒̆̌̍̉̎́̉ ̈̏̂̑́̇̆̎̉̉̑́̃̎́1,̓:̏

Ä)Ø

ÄØ
ḙ
)Ø ρ Ὅὼ

ρ
)Ø ρ )Ø

ˏ̜̘̉̒̌̆̎̉̆ ̐̑̏̉̈̃̏̅̎̏̊ ̍̆̇̅̔ ̠̐̉̋̒̆̌̍̉ȟ ̟̏̋̑̔̇́̉̍̉̚ ̜̅́̎̎̊ 

̞̋̃̉̃́̌̆̎̓̎́ ̑́̈̎̏̒̓̉̍̆̇̅̔ ̎̉̍̉ȡ

Ä)ὼ

ÄØ
ḙ)Ø ρ )Ø ρ 16



Sobel Operator
˛̐̆̑́̓̏̑ ˞̠̏̂̆̌ ̝̉̒̐̏̌̈̔̆̓ ̜̅́̎̎̆ ̠̅̑́ȟ ̒ ̜̋̏̓̏̑̍̉ ̘̟̒̃̏̑́̉̃́̓ 
̖̉̒̏̅̎̏̆ ̉̈̏̂̑́̇̆̎̉̆ ̠̅̌ ̜̘̠̃̉̒̌̆̎̉ ̧̜̖̐̑̉̂̌̉̇̎̎ ̘̈̎́̆̎̉̊ 

̜̖̐̑̏̉̈̃̏̅̎ ̐̏ ̄̏̑̉̈̏̎̓́̌̉ ̉ ̃̆̑̓̉̋́̌̉Ȣ 

ρ ς ρ
π π π
ρ ς ρ

ρ π ρ
ς π ς
ρ π ρ

Convolution

Matrices
17



Sobel Operator
Example

ρ
π
ρ

Previous 

pixel

Current

x0

Next 

pixel

ρ ς ρ
π π π
ρ ς ρ

ᶻ Next pixel ðprevious pixel

ᵼ˛̜̂̋̎̏̃̆̎̎̏̆ ̜̘̃̉̓́̎̉̆ ̃ 

̠̖̉̈̏̂̑́̇̆̎̉ ̞̓̏ ̗̠́̐̐̑̏̋̒̉̍́̉ ̠̠̃̈̓̉ 
̐̑̏̉̈̃̏̅̎̏̊

18



Our results
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Our results

20



Prewitt Operator
ˍ̌̄̏̑̉̓̍ ̏̐̆̑́̓̏̑́ ˜̟̑̉̓̓́ ̐̏̅̏̂̆̎ ́̌̄̏̑̉̓̍̔ 
̏̐̆̑́̓̏̑̔ ˞̠̏̂̆̌ȟ ̈́ ̟̘̉̒̋̌̆̎̉̆̍ ̝̠̉̒̐̏̌̈̏̃́̎̉ 

̅̑̔̄̏̊ ̗̜̍́̓̑̉ȡ

ρ π ρ
ρ π ρ
ρ π ρ ρ ρ ρ

π π π
ρ ρ ρ

Convolution

Matrices
21



Our results
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Our results
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Laplacian based
Edge operator

​Ὅὼȟώ
‬

‬ὼ
Ὅὼȟώ

‬

‬ώ
Ὅὼȟώ

ˑ̜́̎̎̊ ̏̐̆̑́̓̏̑ ̏̒̎̏̃́̎ ̎́ ˘́̐̌́̒̉́̎̆ ̠̉̈̏̂̑́̇̆̎̉. 
˜̝̉̋̒̆̌ȟ ̃ ̋̏̓̏̑̏̍ ̠̃̓̏̑́ ̠̐̑̏̉̈̃̏̅̎́ ̠̉̈̏̂̑́̇̆̎̉ 
ɉ̝̑́̈̎̏̒̓ ̑́̈̎̏̒̓̉Ɋ ̠̒̓́̎̏̃̉̓̒ ̑́̃̎̏̊ ̟̎̔̌ȟ 

̘̠̐̏̍̆́̆̓̒ ̋́̋ ̘̜̄̑́̎̉̎̊Ȣ

24



MarrīHildreth(Laplacianof
GaussianɊOperator

ρ ρ ρ
ρ ψ ρ
ρ ρ ρ

π ρ π
ρ τ ρ
π ρ π

Laplacian

Gaussian

ˑ̜́̎̎̊ ̍̆̓̏̅ ̠̠̠̃̌̆̓̒ ̘̙̔̌̔̆̎̎̏̊ ̃̆̑̒̉̆̊ ̏̐̆̑́̓̏̑́ ˘́̐̌́̒́Ȣ ˛̎ ̝̉̒̐̏̌̈̔̆̓ 
̝̅̏̐̏̌̎̉̓̆̌̎̏ ̠̅̑̏ ̠̒̄̌́̇̉̃́̎̉ ː́̔̒̒́Ȣ ˞ ̝̟̐̏̍̏̚ ̎̆̄̏ ̞̆̋̓̉̃̎̏̕̕ ̠̟̠̔̒̓̑́̎̓̒ ̙̜̔̍Ȣ

�,ᶻɳ Ç� �, ɉz
‬

‬ὼ
Ὣ
‬

‬ώ
ὫɊ Ὅz

‬

‬ὼ
Ὣ Ὅz

‬

‬ὼ
Ὣ

ᶯɉ�, ÇzɊ� �,ᶻɳ Çː̅̆ Ç ̠̅̑̏ ː́̔̒̒́
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Our results
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Our results
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Entropy edge detection

Ὓὼ ὴɇὰέὫὴ

˪̠̎̓̑̏̐̉ ˥̆̎̎̏̎́:

˪̠̎̓̑̏̐̉ ˝̝̆̎̉ ɉ̏̂̏̂̆̎̉̆̚ ̞̎̓̑̏̐̉̉ ˥̆̎̎̏̎́Ɋ:

Ὄ ὖ
ρ

ρ ‌
ɇὰέὫ ὴ

˪̠̎̓̑̏̐̉ɀ̞ ̓̏ ̓̏ȟ ̝̒̋̏̌̋̏ ̗̉̎̏̑̍́̉̉̕ ̎̆̉̈̃̆̒̓̎̏ ̏ ̒̉̒̓̆̍̆ 
ɉ̖́̑́̋̓̆̑̉̈̔̆̓ ̝̒̓̆̐̆̎ ̎̆̏̐̑̆̅̆̌̆̎̎̏̒̓̉Ɋ 

˜̝̔̒̓ὴ ὴȟȣȟὴ ̑́̒̐̑̆̅̆̌̆̎̉̆ ̠̃̆̑̏̓̎̏̒̓̉ ɉ̄̉̒̓̏̄̑́̍̍́Ɋ 
̠̅̌ ̠̉̈̏̂̑́̇̆̎̉ ̒  k = ςυφ ̏̓̓̆̎̋́̍̉ ̒̆̑̏̄̏ȟ ̄̅̆ π̘̜̆̑̎̊, 255 ̜̂̆̌̊;

̝̜̏̒̓́̌̎̆ ̘̠̈̎́̆̎̉ ̏̓̓̆̎̋̉ ̒̆̑̏̄̏

28



Entropy edge detection

t ɀ̞ ̓̏̐̏ ̑̏̄ ̠̑̋̏̒̓̉ȟ ̐̑̉ ̋̏̓̏̑̏̍ ̐̉̋̒̆̌̉ ̠̟̠̑́̈̅̆̌̓̒ ̎́ ̝̐̑̉̎́̅̌̆̇̎̏̒̓ ̛̏̂̆̋̓̔ ! ̉̌̉ "
ὸz ̝̘̘̏̐̓̉̍́̌̎̏̆̄̑́̎̉̎̏̆̈̎́̆̎̉̆ȟ̐ ̑̉̋̏̓̏̑̏̍ὖ= ὖ πȟυ

ˣ̝̆̌ȡ ̘̝̐̏̌̔̉̓ ̂̉̎́̑̎̏̆ ̉̈̏̂̑́̇̆̎̉̆ȟ ̎́ ̋̏̓̏̑̏̍ ̍̏̇̎̏ 
̂̔̅̆̓ ̜̝̃̅̆̌̉̓ ̗̜̄̑́̎̉ ̍̆̇̅̔ ̘̜̆̑̎̍ ̉ ̜̂̆̌̍ -̙̜̃

Ὄ ὸ
ρ

ρ ‌
ɇὰέὫ ὴȾὖ

Ὄ ὸ
ρ

ρ ‌
ɇὰέὫ ὴȾὖ

ὖ ὴ ̠̝̝̝̃̆̑̏̓̎̏̒̓̃̒̓̑̆̓̉̓̐̉̋̒̆̌É̉ ̈̋ ̌́̒̒́ˍ

ὖ ὴ ρ ὖ

˪̠̎̓̑̏̐̉ ̠̐̏̑̅̋́ ‌̅ ̠̌ ̋́̇̅̏̄̏ ̋̌́̒̒́ȡ 

29



Binary Image 
Result
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Entropy edge detection

Ὅὼ ρȟώ ρ Ὅὼȟώ ρ Ὅὼ ρȟώ ρ
Ὅὼ ρȟώ Ὅὼȟώ Ὅὼ ρȟώ

Ὅὼ ρȟώ ρ Ὅὼȟώ ρ Ὅὼ ρȟώ ρ

Matrix

Special
Convolution
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Our results
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Our results
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Seam Insertion
ὲὩύὖὼὼȟώ ὃὺὫὴὼὼȟώ ρȟὴὼὼȟώ ρ
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