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1(x,)

Pixel value at x

Image as a 2D function




1(x,) =(212,200,221)

Pixel value at x

Image as a 2D function




1(x,) =(212,200,221)

Pixel value at x

Select Color:




1(x,) =(212,200,221)

Pixel value at x
1(x,)=(212,20,51)

Select Color:




1(x,) =(212,200,221)

Pixel value at x
1(x,)=(212,20,51)

|(X)e2°x2°x2°
8-bit image

Red channel Green channel Blue channel




IMAGE FILTERING




IMAGE FILTERING

1(x,) = (212,200,221) f(1(x,) = f(212,200,221)
— (242,152,135)



IMAGE FILTERING (PIXEL-WISE FILTERING)

R 7 YO

If =255—1 I|r>1OO&Ig <100&Ib<1OO



IMAGE FILTERING (PIXEL-WISE FILTERING)

Color cannot be trusted.

|, >100&1, <100&1, <100




 Blue/black
White/gold










IMAGE FILTERING (PIXEL-WISE FILTERING)

Color cannot be trusted.
Spatial cue can be useful.

|, >100&1, <100&1, <100




IMAGE SPATIAL FILTERING
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Local patch around x
N, : Neighboring pixels of x



IMAGE SPATIAL FILTERING




IMAGE SPATIAL FILTERING
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IMAGE SPATIAL FILTERING

If(i,j):ZI(i+k,j+|)z(k,|)
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IMAGE SPATIAL FILTERING

If(i,j):ZI(i+k,j+|)z(k,|)

\%:
2014147
112]2]316 ajblc y
N 3/3/5]8 ]9 9 dielf =
52267 gl hli
8131213
Image Filter Filtered image

y=2a+b+4c+d+2e+2f+39+3h+5i



IMAGE SPATIAL FILTERING

If(i,j):ZI(i+k,j+|)z(k,|)

o114 4|7
11212316 ajblc y
N 3[3l5/8]9 9 dielf =
52267 gl hli
8131213
Image Filter Filtered image

y=a+4b+4c+2d+ 2e+3f+3g9 +5h+8i



IMAGE SPATIAL FILTERING

If(i,j):ZI(i+k,j+|)z(k,|)

21114417
11212/31]6 ajbjc
| 313]5/8]9 & de|f =
5(21216(7 gihii y
8321113
Image Filter Filtered image

y=ba+8b+9c+2d+6e+/7f+29+h+3



IDENTITY

If(i,j):ZI(i+k,j+|)z(k,|)

2[114l4]7

1]212]316 0/0/0
3/3/5/8/9 X 0/1j0] =
5/2(2]67 0/0]0
8/3[2]1]3




IDENTITY

If(i,j):ZI(i+k,j+|)z(k,|)

® ] =
2111447
11212136 0/0/0 21213
3/3/5(89 X 0/1]0 = 358
5212|167 0/0]0 21216
813121113




SHIFTING
(I, j):ZI(i +k, j+1)z(k,I)

2[114l4]7
1]212]316 0/0/0
3/3/5/8/9 X 110]0
5/2(2]67 0/0]0
8/3[2]1]3




SHIFTING
(I, j):ZI(i +k, j+1)z(k,I)

2111447
112]21316 0/0/0 112]2
313589 X 1100 = 3/3/5
51212167 0/0/0 5(2]2
8131213




Box FILTER (MOVING AVERAGING)

If(i,j):ZI(i+k,j+|)z(k,|)
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Box FILTER (MOVING AVERAGING)
(I, j)=Z|(i +k, j+1)z(k,I)

211 ]4(47

112121316 11101 Average
313151819 & Glii1lf

5/2(2]67 111

8/3/2[1/3




DIRECTIONAL BLUR
(I, j)=Z|(i +k, j+1)z(k,I)
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DIRECTIONAL BLUR
(I, j)=Z|(i +k, j+1)z(k,I)

21447 |
1/2]2/3]6 110/0]0 Horizontal blur
3/3/5/8/9 ®§111

52267 0/0j0

8(3(2(1/3




DIRECTIONAL BLUR
(I, j)=Z|(i +k, j+1)z(k,I)

201447 |
1/2]2/3]6 110/1]0 Vertical blur
3/13/56/8/19] ® 301]0

521|267 0[1]0

813[2/1]3




Box FILTER (MOVING AVERAGING)

Pixel averaging



GAUSSIAN BLURRING (MoviNG WEIGHTED AVERAGE)




GAUSSIAN BLURRING (MoviNG WEIGHTED AVERAGE)

Gaussian blur
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Denoised image




GAUSSIAN BLURRING 1 K




IMAGE SPATIAL FILTERING

function im f = Filtering(im, filter)

o)

s filtered image initialization

im f = zeros(size(im)); —
center k = floor(size(filter,1)/2)+1;
center 1 = floor(size(filter,2)/2)+1;
for 1 =1 size(im, 1)
for j =1 : size(im,2)
% filtering
v = 0;
for k = 1 : size(filter,1)
for 1 = 1 : size(filter,2)
il = i + k - center k;
jl1 =3 + 1 - center_ 1;
if i1 <=0 || il > size(im £,1) || 31 <= 0 || j1 > size(im £f,2)
continue;
end
v = v + im(il,j1)*filter(k,1); —> | (i,j): |(i—|—k,j+|)Z(k,|)
end f
end kil
im £(i,3) = v;
end

end
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High response at edge



IMAGE SHARPENING




IMAGE SHARPENING

Sharpening






DIFFERENTIATION
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DIFFERENTIATION
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DIFFERENTIATION

[

izlimf(wrh)—f(u—h) N |®Z:8_I
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DIFFERENTIATION

Edge
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IMAGE DIFFERENTIATION

Differentiation



IMAGE DIFFERENTIATION

| ®z =

2|2

Differentiation



EDGE RESPONSE

10

Derivative

60 ‘ :
0 5 10 15

X coordinate

Image differentiation can be used for edge detection
but it is VERY noisy.







