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Sampling and periodicity in DFT, Number of pixels = N
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Spatial domain: 
Sampling pitch (intervals of delta functions) = d, 
Image size (period) = D
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Fourier domain (Frequency domain): 
Sampling pitch (intervals of delta functions) = du, 
Period in frequency domain = Du
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2D DFT

Inverse 2D DFT
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2D Fourier transform in continuous space

Inverse 2D Fourier transform in continuous space

2.6 2D Discrete Fourier transform
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Consider a sampled image f[m,n] in 1000�1000 pixels. The image size 
corresponds to 500�500 [mm] of the object. Let F[k,l] be the 2D DFT of 
f[m,n]. Draw the shape of the sinusoidal component on the object domain,
corresponding to the Fourier coefficient F[100,100]. Derive the periods and the 
spatial frequencies with the units [mm] and [cycles/mm] as well.

Object
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2.7 Fourier analysis of linear shift-invariant imaging system

• 2-D linear system in continuous space

• Shift-invariant (space-invariant)

→ Convolution

h( x, y ): Impulse response, point spread function (PSF)

• 2-D linear shift-invariant imaging system with additive noise

• Fourier transform of 2-D shift-invariant imaging system

: Transfer function
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• cres = conv2( double(img), double(ci) );

• imagesc( cres );

�� ��� ��� ��� ��� ���

��

���

���

���

���

���

�

���

�

���

�

���

�

���

�

	
��
�

11

2-D Linear, shift-invariant system in discrete space
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Discrete convolution
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Discrete signals within a finite region

M×N pixels

Mh×Nh pixels

imagesc( img );

imagesc( ci );
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• cres = conv2( double(img), double(ci), 'same' );

• imagesc( cres );

• imagesc( real(res) );
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H( u,  v )

u

v

Spatial frequency of Input signal

Transfer function

Transfer function : H
Modulation transfer function : | H |
Phase transfer function: arg{ H }

Modulation transfer function

���� AI + AI cos 2πu0x

 ��� AI' + AO cos( 2πu0x + φ )
H( u0,  0 ) = 

AO

AI
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Impulse response of a defocused optical imaging system
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• Incoherent model
(Geometrical model)

2D object: (Approximately) shift-invariant
3D object: Shift-variant

Coherent (wave optics model) case: see “diffraction and image formation.”

x
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circ function
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Causes of image degradation
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• Defocus 

• Lens aberration
– Spherical aberration 

– Coma 

– Astigmatism

– Curvature of field

– Distortion

• Diffraction limit

• Sampling aperture

• Sampling

• Distortion

• Noise

Image blur
(approximately shift-invariant)

Image blur
(shift-variant)

Resolution degradation

Distortion

Aliasing artifact

Noise
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Transfer function of a defocused optical imaging system

• F{ circ( r ) } = J1( 2 π ρ ) / ρ

(Fourier-Bessel transform)
– J1 : Bessel function of the first kind, order 1.
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