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void convolution (uc2D &imal, f£2D &h, uc2D &imaZ2)
{
int 1,3,1i,337
int N=h.nr/2;
int mac;
for (i=N;i<imal.nr-N;i++) for (j=N;j<imal.nc-N; j++)
{
mac = 0;
for (ii=-N;ii<=N;ii++) for (jj=-N;Jj<=N;Jj++)
{
mac = mac + imal.m[i+ii][J+3F]*h.m[ii+N] [JF+N];
}
ima2.m[i] [j]=mac;
}
}
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// Convolution of image with mean filter

//
// PS> 2004.10.12

#include <fstream.h>
#include <math.h>
#include "array.h"
void mean filter design (f2D &h, int winsize);
void convolution (uc2D &imal, £2D &h, uc2D &imaZ2);
void main ()
{
ifstream in("120x120.raw",ios::binary);
ofstream out ("bin.raw",ios::binary);
uc2D imal, ima2;
imal.Initialize (120,120);
ima2.Initialize (120,120);
char c;



for (int i1i=0;i<ima2.nr;i++) for (int j=0;j<ima2.nc;j++)
{
in.get(c);imal.m[i] [j]=ima2.m[i] [j]=c;

}

f2D h; //filter

mean filter design(h, 3);

convolution (imal, h, imaZ2);

for (int i=0;i<ima2.nr;i++) for (int j=0;j<ima2.nc;j++)
out<<ima2.m[i][j];

}

void mean filter design(f2D &h, int winsize)
{
h.Initialize(3,3); // Size initialize by 3X3
for (int i=0;i<h.nr;i++) for (int j=0;j<h.nc;j++)
h.m[i][7]=1.0/9.0; // mean filter's coefficients
}

void convolution (uc2D &imal, f£2D &h, uc2D &ima2)
{
int i,3,1i,33;
int N=h.nr/2;
int mac;
for (i=N;i<imal.nr-N;i++) for (jJ=N;j<imal.nc-N; j++)
{
mac = 0;
for (ii=-N;ii<=N;ii++) for(jj=-N;jj<=N;jj++)
{
mac = mac + imal.m[i+ii] [J+3JJ]*h.m[1ii+N][jj+N];
}

ima2.m[i] [j]=mac;
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// Median filtering
// 2004.10.18 by CHEN Ching-Han

void Median (uc2D &InIm, uc2D &OutIm, int WinSize)
{

int r,c, v,%x, i,3j, n, Area;

unsigned char Buf;

unsigned char *Lst;

n = (WinSize-1) >> 1;
Area = (2*n+1) * (2*n+1);
Lst = new char[Areal;
Int nr=InIm.nr, nc=InIm.nc;
for (r=0; r<nr; r++)for (c=0; c<nc; c++)OutIm[r][c] = 0;
for (r=n; r<nr-n; r++)
{
for (c=n; c<nc-n; c++)
{
i=0;
for (y=-n; y<=n; y++)for (x=-n; x<=n; x++)
{
Lst [1i] = InIm [r+y] [c+x];i++;}
[Kmmmmm - bubble sort --—-------—---—---—- */
for (i=0; i<Area-1; i++)for (j=Area-1; i<j; Jj--)
if (Lst[j-1] > Lst([3j])
{



Buf = Lst[j-11;
Lst[j-1] = Lst[3];
Lst[7] = Buf;

}

OutIm [r][c] = Lst [Area/2]; // get madian value

}
}
}
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B. SB(TTIENEIR 28—k B R 25 (Weighted median filter)
B. Weighted Median Filters

The weighted median (WM) filter was first introduced
as a peneralization ol the standard median filter, where a
nonnegative integer weight is assigned to each position in
the filter window [13], [51]. In this subsection, we give two
alternative definitions of WM filters and discuss the analogy
between WM filters and linear FIR filters.

As shown in Fig. 1, the structure of a WM filter is quite
similar to that of a linear FIR filter. For real-valued signals,
WM filters can be defined in two different but equivalent ways.
The first definition can be used in the common case of positive
integer weights. '

Degfinition 2.1 For the discrete-time continuous-valued in
put vector X = (X7, Xz, --, X, the output ¥ of the WM
filter of span N associated with the integer weights

W = [Wy, Wa, -, Wy] (2. 107
is given by
V =MED[W; ¢ X7, Woe Xy, - Wy 2 Xy (2.11)

where MED|-| denotes the median operation and o  denotes
duplication, ie.,
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KeX=X . X, (2.12)

This filtering procedure can be stated as fFollows: sort the
samples inside the filter window, duplicate cach sample X
to the number of the corresponding weight W, and choose the
median value from the new sequence.

Example 2.1: Consider a length 5 WM filter with integer
weights [1, 2, 3, 2, 1]. Now apply the filter to the following
sequence so that the window is centered at the sample value 8,

X =[~1,5,8,11,-2].

After sorting and duplication, the samples inside the filter
window are 11, 11, 8, 8, &, 5, 5, -1, -2. The filter output
is ¥ = 8, whereas, the 5-point median would have produced
the result ¥ = 5,
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The LoG operator calculates the second spatial derivative of an image. This means
that in areas where the image has a constant intensity (i.e. where the intensity gradient
is zero), the LoG response will be zero. In the vicinity of a change in intensity,
however, the LoG response will be positive on the darker side, and negative on the



lighter side. This means that at a reasonably sharp edge between two regions of
uniform but different intensities, the LoG response will be:

e zero at a long distance from the edge,

e positive just to one side of the edge,

e negative just to the other side of the edge,

e zero at some point in between, on the edge itself.

TE 7 :

st 9x9 LoG (Laplacian of Gaussian);& 57 zs k= > ¥f ant(gray)600x400 =5{%
AETT edge HTRIECR? - ()it LoG JER %525 (55 £ B (H3HY normalization) ;
(b)(option)is;H zero-crossing 52{4% » it EHH LoG JER 1% 52417 zero-crossing
HY pixel fir BT S 0 » HAWA R Fy 255 -



