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Optical imaging and image processing

(II)
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p{ f(n) } : Histogram
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>> edges = [0:4:255];
>> h0 = histc(double(im00), edges);
>> hi0 = sum(h0,2);
>> bar(hi0);
>> h1 = histc(double(im01), edges);
>> hi1 = sum(h1,2);
>> bar(hi1);
>> h2 = histc(double(im02), edges);
>> hi2 = sum(h2,2);
>> bar(hi2);
>> h3 = histc(double(im03), edges);
>> hi3 = sum(h3,2);
>> bar(hi3);
>> h4 = histc(double(im04), edges);
>> hi4 = sum(h4,2);
>> bar(hi4);

im00 = imread('C:¥���¥test-histogram-org.png');
im01 = imread('C:¥���¥test-histogram-01.png');
im02 = imread('C:¥���¥test-histogram-02.png');
im03 = imread('C:¥���¥test-histogram-03.png');
im04 = imread('C:¥���¥test-histogram-04.png');
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1.4.5 Statistical characterization of images

f(n1, n2)

f
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p{f(n1,n2), f(n1’,n2’)}
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f(n1’, n2’)
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f(n1,n2)
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bim = imread('C:¥���¥Momiji-small.png');
imshow(bim);
im = double(bim);
for i = 1:20

for k=1:3
n=randn([256,320]);
noise(:,:,k)=(n-0.5)*25.5;
imn(:,:,:,i) = im + noise;

end
end
bimn = uint8(imn);
imshow(bimn(:,:,:,1));
imm2 = (imn(:,:,:,1)+imn(:,:,:,2))/2;
imshow(uint8(imm2));
imm10 = mean( imn(:,:,:,[1:10]), 4 );
imshow(uint8(imm10));
imm20 = mean( imn(:,:,:,[1:20]), 4 );
imshow(uint8(imm20));

Original Additive noise Average of two images

Average of 10 images Average of 20 images

Additive noise: g = f + n

gk = f + nk

<n2> = σ 2

Uncorrelated noise: < n⋅f > = 0, < nk⋅nl > = 0 for k ≠ l
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2. Image detection and digitization
2. �������	
��

2.1 Image sampling 

2.1 ��������	

• Mathematical expression of image sampling
f( x, y ) : Original image

fs( x, y ) : Sampled image

f[ m, n ] : two-dimensional discrete signal. (m, n : integer)

– The sampling interval in x and y directions : dx, dy

– Equidistance sampling

f[ m, n ] = f( mdx, ndy ) 
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2.3  Nonlinearity of image sensors

2.3 �������	


• Tone reproduction characteristics of an image sensor
Linear case:: g = a f + b

Nonlinear case g = Ψ{ f }

Polynomial expansion of the nonlinear function: 
g = a0 + a1 f + a2 f 2 + a3 f 3+ ...

Its Fourier transform
G = a0 δ(u, v) + a1 F + a2 { F * F } + a3 { F * F * F } + ...

Input light intensity

Input light intensity

Output image
signal

Linear

Nonlinear
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Sampling of 2-D signal and its Fourier transform
(a) Sampling function : comb(x/dx)comb(y/dy), 
(b) 2-D signal f(x,y), 
(c) Fourier transform of the sampling function : 

comb(dx u )comb(dy v ), 
(d) Fourier transform of the 2-D signal : F( u, v )
(e) Fourier transform of the sampled 2-D signal

fs(x,y) : Fs( u, v ) 27

• Sampling aperture of the image detector

• Aperture sensitivity function: r( x, y )

• Its Fourier transform yields

• If the shape of the sampling aperture is rectangular,

2.5  Sampling in practical imaging systems
2.5  ����������������������

detector

Object Lens system

Light source
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