Lecture 2
Object-Image dependency



Liver Lobe

h(x.,¥.; €,1)
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Spatial dependence
of Image points to object points

15t signal at image location (x,y)

g'(x,y)=h(x,y,a’, f',(1'(c', §'))

2"d signal at the same location:

g'(X%, y) =h(x,y,a’, ', (1"(', ')




Spatial dependence of image points to object points

Linear system:

g'(x,y)=h(x,y,o", 5) (', )
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fL(GY)—0(Xy) & f(XY)——0,(XY)

f, (% Y)+ £, y)— g, (%, y)+ 9, (x,y)

Also af (x,y)——ag,(x,y) & af,(x,y)——ag,(x,y)



Linear superposition:

g' (X% Y)+9"(x,y) =h(x,y,a', B) T (', )+ 17(c, )]

Additive component in object lead to
additive component in image.



To link the spaces:

9(x,y) = || h(x, Y, B) f (e, B)dax I3

Q98 =i Convolution integral L si LS| st <Ly



Shift-invariant Systems
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Shift-invariant Systems
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f(x,y) —alxy) =

f(x—X,y-Y) >g(x—X,y-Y)




Space—invariant PSF:

point process Is the same for all locations of object point=
h depends only on difference coordinates (x-a,y-/f):

ox ¥)= || h(x-a,y- B)f(a, ) da df8

Simple notation:

g(x,y) =h(x,y)*1(xY)

In Fourier space:

G(u,v)=H(u,Vv)F(u,v)




separability:

N(x—a,y—p)=h'(x-a)h’(y-p)

9(xY) = [N (x=a) f (@, B)da | h"(y— B) f (@, B)dB




shift variant PSF
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computing g(x,y) Is like computing the center
of gravity of some {(i,]) color values affected
by the weights in the filter matrix

N-1N-1

g(X,y)= Z )Zzh(J A)f(x—j,y-i)

J]=0 1=0



Matrix Convolution

[The 1/22 below is called normalising factor
and enables the y{i.j] value to always stay
between 0-255, whatever the values of the xfi j]
may be. Indeed yiij! IS nothing else but the
center of gravity (center of mass) of some x{i J]
color values affected by the weights (the
importance) in the filter matrix

Filter impulse response bitmap

Source Bitmap X Output Bitmap Y

* Wil = 122 ( x[ij] + 2x[i-1j] + 2x[i-1 j-1] + 2x[1j-1] + 3x[ij+1] ...)

22 = sum of the matrix filter
coeficicients




Convolution integral=
convolution of object with PSF

1 Impulse response

1 Point spread function (PSF)
1 Convolution matrixes

1 Filter impulse response

1 Filter kernel represent
1 are the same thing

' Deconvolution can be done to remove
' any degradations by PSF



Impulse Response Function
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x(t)—>PSF=h(t)—>y(t)

y(t) = | h(t-7)x(z)dr




Transfer Function:
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X(t) =™ = cos(at) + jsin(at)

b o), S Shaisu dmio o 4S Cw) sl g Jabo b oo G IS )




Transfer Function:
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y(t) = K (@) X(1)

K(w) = Frequency Dependent Complex Function
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A(w) = Real- value Function of frequency
Sinusoidal Signal = Real Part of a Harmonic Signal




