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ABSTRACT

The objectives of this study are to study and to develop a MATLAB program for digital
mammogram image enhancement by using Generalized Interpolating Wavelets. Furthermore
the enhanced image is used helpfully to diagnose the breast cancer.

Generalized Interpolating Wavelets are including to 4 steps : 1) Data Interpolating Process by
B-Spline Approach is used to increase a random interpolating of data image 2) Discrete Wavelets
Transform is used to find the coefficients in each level of image transformation 3) Wavelets Hard
Threshold is used to eliminate undesired data 4) Inverse Discrete Wavelets Transform is used to
combine the wavelets coefficients from the third step into a completed image after enhancement.

According to the result of the experiment by calculating to find out the value of Signal to Noise
Ratio (SNR) of the abnormal mammogram image with size 256 x 256 pixel from 4 levels found that if
the concentration of calcificate level in the mammogram image increase, the value of SNR is
decreased continuously. When the abnormal mammogram image from 4 levels is also enhanced by
Generalized Interpolating Wavelets found that the value of Signal to Noise Ratio (SNR) is adjacent to
1 [dB] equally in every images. Thus , we could conclude that the SNR value that is obtained after,

taking the mammogram image enhancement, it would get the SNR value closed to 1 [dB] and it

indicates that the 4 abnormal mammogram images are abnormal level which is risky to be the breast

cancer.
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Tusunsumalfudgaamnnlunsilaedtnvldnwu@deyanfawaaiiahl

% m3USurlyanmum Tuunsy Tag3nddauuuidudeyadfianmanialyl
%

% File name : EnMam.m

%

% By : Miss Oratip Lueyngam ID 45360609

% Miss Unchana Keawjinda 1D 45360625

%
%::::::::::::::::::‘:=====:::::====::::::::
clear all

I = imread('A.bmp','bmp"); % SUNN digital mammogram nind

1 = double(l);

[X,map] = imread('Ad4.bmp','bmp"); % SUNN digital mammogram friaing
X = double(X);sprintf('%s','size original mammogram')

size(X) % LAAIVHIAN TN

pra— 7 P 7@
Y = sRefine(X); o mssua Il dnvdn 1U# #Hendu sRefine

sprintf('%s','size mammogram pass B-spline')

size(Y) % LAAUUIANNNFUTINFY sRefine
wname = 'bior4.4"; %l donld Halfband filter
[we,s] = wavedec2(Y,2,wname); % Multilevel 2-D wavelet decomposition

%Extract the level 1 coefficients.

30

al = appcoef2(we,s,wname, 1); %NAauUN3B4 2-D approxination coefficients 1 Level 1

h1 = detcoef2('h',we,s,1); %NAUNTDI 2-D detail coefficients

vl = detcoef2('v',we,s,1);

_dl = detcoef2('d',we,s,1);



thrl = thselect(al,'sqtwolog");
thr2 = thselect(hl,'sqtwolog");
thr3 = thselect(v1,'sqtwolog');
thr4 = thselect(d1,'sqtwolog");

al = wtheoef2('t',we,s,1,thrl 'h');
hl = wthecoef2(h',we,s,1,thr2,'h');
vl = wtheoef2('v',we,s,1,thr3,'h'");
dl = wtheoef2('d',we,s, 1,thr4,'h")
%Extract the level 2 coefficients.
a2 = appcoef2(we,s,wname,2);
h2 = detcoef2('h',we,s,2);

v2 = detcoef2('v',we,s,2);

d2 = detcoef2('d',we,s,2);

thrl = thselect(a2,'sqtwolog');
thr2 = thselect(h2,'sqtwolog');
thr3 = thselect(v2,'sqtwolog');

thr4 = thselect(d2,'sqtwolog');

a2 = wtheoef2('t',we,s,2,thrl,'h');
h2 = wtheoef2('h',we,s,2,thr2,'h');
V2= wtheoef2('v',we,s,2,thr3,'h'");

d2 = wtheoef2('d',we,s,2,thrd,'h');

%Here are the reconstructed branches

ra2 = wrcoef2('a',we,s,wname,2);
th2 = wreoef2(h',we,s,wname,2);
1v2 = wreoef2('v',we,s,wname,2);

rd2 = wreoef2('d',we,s,wname,2);

31

% 17oNA threshold (AL A = \/2 log length (X)

o

% A willo'ig'lm‘i‘ljﬂ’miﬂﬂfl% wavelet hard threshold

% NAUNIDY 2-D approxination coefficients 1 Level 2

% m3ulasndunyifa single branch from 2-D

% wavelet coefficient
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ral = wrcoef2('a',we,s,wname,1);

thl = wrcoef2('h',we,s,wname, 1);

vl = wrcoef2('v',we,s,wname,1);

rd1 = wrcoef2('d',we,s,wname,1);

% the reconstructed details gives the full reconstructed image.

I1 =ra2 + rh2 + rv2 + rd2 + th1 + rv1 + rd1; % amitldnnmsdiutge
sprintf('%s','size mammogram pass enhancement’)

size(11) % uaaguinanmiiumsUsul;

% Display Show

figure(1)

subplot(2,2,1);image(255-I);colormap(map);title('normal original mammogram');
subplot(2,2,2);image(255-X);colormap(map);title('abnormal original mammogram');
subplot(2,2,3);image(255-Y);colormap(map);title('B-Spline abnormal mammogram');

subplot(2,2,4);image(255-11);colormap(map);title('enhance abnormal mammogram');

% Check Error b/w normal and abnormal %¥1A1 SNR ﬁ‘%?’f’ij‘Wﬁﬂﬂalmzﬁﬂﬂﬂa
[M N] = size(I);

nsig = double(1);

desig = double(X);

ER = (nsig - desig);

ERR = ER2;

nesig = nsig"2;

Error = (sum(ERR(:)))/M*N;

SNR_beforeEnhance = 10*log10((sum(nesig(:))/M*N)/Error)

% Check Error b/w normal and abnormal pass enhancement

1 1 A = = ad u 9
% 11171 SNR szranmnlnduazralnanmumsisulgua

[M N] = size(I);

I = imresize(512,512);
nsig = double(l);
desig = double(I1);



ER = (nsig - desig);

ERR = ER"2;

nesig = nsig"2;

Error = (sum(ERR(:)))/M*N;

SNR_afterEnchance = 10*log10((sum(nesig(:))/M*N)/Error)
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function Y = sRefine (X)

% Function : Y = sRefine(X)

% This function refines the B-Spline mesh by double the density of knots
% X fo mmauntiy digital mammogram (Input Image)

% m x (n+1) matrix of B-spline knots

% Y Ao mwildumsifiuns Sampling

% (2m)x(2n+1) matrix of B-spline knots defining the same surface

% File name : sRefine.m

[m,n] = size(X);

F=sExtend(X,[1 1],[1 1]); %extends spline coeficient
Y = zeros(2*m, 2*(n-1)+1);

y=conv2(F, 1/64*[161;6366;16 1] );
Y(2*(1:m)-(1), 2*(1:n)-(1)) = y((1:m)+2, (L:n)+2);
y=conv2(F, 1/16*[011;06 6,01 1] );
Y(2*(1:m)-(1), 2*(1:n-1) ) = y((1:m)+2, (1:n-1)+3);
y=conv2(F, 1/16*¥[000; 16 1;16 1] );

Y(2*(1:m) , 2%(1:n)-(1)) = y((1:m)+3, (1:n)+2);
y=conv2(F, 1/4*[000;011;011]);

Y(2*(1:m) ,2*(1:n-1) )= y((1:m)+3, (L:n-1)+3);

return;
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function F = sExtend( X, iex, jex )

o function ;: F = sExtend( X, iex, jex )

% This function extends spline coeficient matrix applying edge conditions
% X Ao MmAunT digital mammogram (Input Image)

% iex A1D [Up Down] - number of rows added to the upper and lower side
% jex fio [Left Right]-number of rows added to the left and right side

% F A9 extended matrix lf'lﬂ [m+Up+Down, n+Left+Right] = size(F)

%

% File name : sExtend.m

%

[m,n] = size(X);
if( nargin == 1), iex = [1 1]; jex = [1 1]; end; % adding points on left and right
ifm==1, t=1jelse,t=[ (m/2+1:m) (1:m/2) ]; end
F=[ X(t,Gex(1):-1:1)+1 ) X X(t, (n-1:-1:n-jex(2)) ) |;
% adding points up and down upper edge equals the lower one
if (iex(1)>m | iex(2)>m) % wrapping around the matrix more than once
Jup = rem( iex(1)*m+(m-iex(1)+1:m)=(1), m) + (1);
Jdown= rem( (1:iex(2))-(1),m) + (1);
F = [ F(Jup,:); F ; F(Jdown,:) ];
else

 F=[ F(m-iex(1)+1:m,2); F ; F(1:iex(2),) I;
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function [we,s] = wavedec2(X,N, wname’)

% function : [c,s] = wavedec2(x,n,varargin)

% this function multilevel 2-D wavelet decomposition

% X A9 matrix image (Input Image)

% N 79 level ‘ﬁ‘ﬁmﬁ decomposition

% wname fi® wavelet 'ﬁlﬁﬂﬂﬁl‘%

% [we,s] flo MIAUA wavelet decomposition Y09 matrix image ﬁ level N

% Vector C is organized as:

% C=[AMN) |HN) [VN) |D(N)|... HIN-1) | V(N-1) | D(N-1)| ... [H(1)|

% V(1) |D(1)] where A, H, V, D, are row vectors such that:

% A = approximation coefficients,

% H = hori. detail coefficients,

% V = vert. detail coefficients,

% D = diag. detail coefficients,

%

% Matrix S is such that: S(1,:) = size of app. coef.(N)

% S(i,:) = size of det. coef.(N-i+2) for i = 2,...,N+1
% and S(N+2,:) = size(X)

%

% function wavedecZ.n

%

% Check arguments.

if errargn(mfilename,nargin,[3:4],nargout,[0:2]), error("*'), end
if errargt(mfilename,n,'int"), error("*'"), end
if nargin==

[Lo_D,Hi_D] = wfilters(varargin{1},'d');



else
Lo D =varargin{1}; Hi_D = varargin{2};
end
% Initialization.
s = [size(x)];
c=l
for i=1:n
[x,h,v,d] = dwt2(x,Lo_D,Hi_D); % decomposition
c=[h(C) v(:) d(:)'c]; % store details
s = [size(x);s]; % store size
end
% Last approximation.
¢ =[x() cl;

s = [size(x);s);
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function a = appcoef2(wc,s,wname,N)

% function a= appcoef2(wc,s,varargin)

% this function extract 2-D approximation coefficients
o o

% [we,s] 9INHINFYU wavedec?
7 o

% wname INTAFY wavedec2

% N A9 level N92#11015111 approximation coefficients

N - { b w3
% a ITH approximation coefficients N1 level N Iaol% wavelet decomposition

% function appcocfl.m

% Check arguments.
if errargn(mfilename,nargin,[3:5] nargout,[0:1]), error(**"), end
rmax = size(s,1);
nmax = rmax-2;
if ischar(varargin{1})
[Lo_R,Hi R] = wfilters(varargin{1},'r'); next = 2;
else
Lo R =varargin{1}; Hi_R = varargin{2}; next=3;
end
if nargin>=(2+next) , n = varargin{next}; else, n = nmax; end
if (n<0) | (n>nmax) | (n~=fix(n))

errargt(mfilename,'invalid level value','msg'); error('*');

end
nl :s({,li; - - - a : - -
nec =s(1,2);

a = zeros(nl,nc);

~a(:) = c(1:nl*nc);



rm = rmax+l1;

for p=nmax:-1:n+1
[h,v,d] = detcoef2('all',c,s,p);
a=idwt2(a,h,v,d,Lo_R,Hi R,s(rm-p,));

end
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function varargout = detcoef2(o,we,s,n)

% function varargout = detcoef2(o,we,s,n

% this function extract 2-D detail coefficients

% o A the horizontal, vertical or diagonal detail coefficients for O ="h'

% (or'v' or 'd'respectively)
o o
% [we,s] 11AHINTY wavedec2

% n ﬁﬂ levlel N9£R1NT extract detail coefficients

=) .,
% varargout f19N17 exftracts from the wavelet decomposition structure [we,s]

% function detcoef2.m

% Check arguments.

if errargn(mfilename,nargin,[4],nargout,[0:3]), error('*'), end

nmax = size(s,1)-2;

if (n<1) | (i>nmax) | (n~=fix(n))

errargt(mfilename,'invalid level value','msg"); error("*");

end

k =size(s,1)n;

first = s(1,1)*s(1,2)+3*sum(s(2:k-1,1).*s(2:k-1,2))+1;
add = s(k,1)*s(k,2);

o = lower(o);

switch o

case 'h',

case'v', first = firsttadd;
case'd', first = first+2*add,

case {'a')all','c','compact'} ,

otherwise , errargt(mfilename,'invalid argument value','msg'); error(**');



end
switch o
case {'h','v','d'}
last = first+add-1;
varargout{1} = reshape(c(first:last),s(k,:));
case {'c','compact'}
last = first+3*add-1;
varargout{1} = c(first:last);
case {'a','all'}
last = first+add-1;
varargout{1} = reshape(c(first:1ast),s(k,:));
first = first+add; last = first+add-1;
varargout{2} = reshape(c(first:last),s(k,:));
first = first+add; last = first+add-1;
varargout{3} = reshape(c(first:last),s(k,:));

end
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nction thr = thselect(x,tptr)

function : thr = thselect(x,tptr)

this function threshold selection for de-noising

x 710 each coefficient 1UUAAY level 11 1491NNTZUIUNTS DWT

tptr A0 Uszinnvesmsidonng

tptr = "rigrsure', adaptive threshold selection using
principle of Stein's Unbiased Risk Estimate

tptr = 'heursure', heuristic variant of the first option

tptr ="sqtwolog', threshold is squt(2*log(length(X))) ¢ {2,

tptr ="minimaxi', minimax thresholding
[ v ¥
thr A0 A1 threshold ﬁgmﬁan ‘luﬁﬁwﬂ%’ﬂg 'sqtwolog’

function thselect.in

errargn(mfilename,nargin,[2],nargout,[0 1]), error('*"), end

x=x()

n = length(x);

switch tptr

case 'rigrsure'
sx2 = sort(abs(x))."2;
risks = (n-(2*(1:n))+(cumsum(sx2)+(n-1:-1:0).*sx2))/n;
[risk,best] = min(risks);
- thr = sqrt(sx2(best));
case 'heursure'
hthr = sqrt(2*log(n));
eta = (norm(x).*2-n)/n;

crit = (log(m)/log(2NA(1.5)/sqrt(n);



if eta < crit
thr = hthr;
else
thr = min(thselect(x,'rigrsure'),hthr);
end
case 'sqtwolog'
thr = sqrt(2*log(n));

case 'minimaxi'

ifn<=32
thr=0;
else

thr=0.3936 + 0.1829*(log(n)/log(2));
end
otherwise
errargt(mfilename,'invalid argument value','msg");
error("™")

end
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function ¢ = wtheoef2(o,c¢,s,niv,thr,sorh)

% function ¢ = wtheoef2(o,we,s,N, thr,’h’)
% this function wthcoef2 wavelet coefficient thresholding 2-D.
% o0 the horizontal, vertical or diagonal detail coefficients for O ="'h'
% (or'v' or 'd'respectively)
d o
% [we,s] INHINTU wavedec2
% N fio level 1111713 reconstruction

% sorh by soft (if SORH ="'s") or hard (if SORH = 'h') thresholding

% function wthcoef2.m

% Check arguments,
if errargn(mfilename,nargin,[3 4 6],nargout,[0:17), error('*"), end
o = lower(o(1));
switch o
case 'a’
if nargin~=3

errargt(mfilename,'too many arguments','msg'); error('*")

end

11 = prod(s(1,:));
c(L:ID)=0;
retuin;

case {lhl’IVI:dI,ItI}

otherwise

errargt(mfilename,'invalid argument value','msg'); error('*");
end
nmax = size(s,1)-2;

if find((niv < 1) | (niv > nmax) | (niv ~= fix(niv)))



errargt(mfilename,'invalid level(s) number(s)','msg'); error("*")
end
if nargin==
if (Iength(niv) ~= length(thr)) | ~isempty(find(thr<0))
errargt(mfilename,'invalid argument value','msg"); error("*")
end
end
% Compression.
for k = 1:length(niv)
n  =niv(k);
kn =size(s,1)n;
first = s(1,1)*s(1,2)+3*sum(s(2:kn-1,1).*s(2:kn-1,2))+1;
add =s(kn,1)*s(kn,2);
if  o=="v, first = first+add;
elseif o=="d, first = first+2*add;
end
if o=="t', last = first + 3*add-1;
else last = first+add-1; end
if nargin==
thres = thr(k);
cfs. = c(first:last);
cfs = wthresh(cfs,sorh,thres);
c(first:last) = cfs;
else
c(first:last) = 0;
end

end
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function x = wrcoef2(o,c,s,wname,N)

% function x = wrcoef2(o,c,s,wname)

% this function reconstruction single branch from 2-D wavelet coefficients
% o0 the horizontal, vertical or diagonal detail coefficients for O ='h'
% (or'v' or 'd'respectively)

o a
% [we,s] 110H9NF¥Y wavedec2
% wname fD wavelet NiAon 19
% N fiD level N%1713 reconstruction

A . §
% x 18 113 computes the matrix of reconstructed coefficients of level N

% function wrcoef2.m

% Check arguments.
if errargn(mfilename,nargin,[4:6],nargout,[0:11), error('*'), end
o = lower(o(1));
rmax = size(s,]); nmax = rmax-2;
if o=="a', nmin = 0; else , nmin = 1; end
if ischar(varargin{1})
[Lo R,Hi_R] = wfilters(varargin{1},1"); next = 2;
else
Lo R =varargin{1}; Hi R = varargin{2}; next=3;
end
if nargin>=(3+next) , n = varargin {next};
else, n = nmax; -
end
if (n<nmin) | (n>nmax) | (n~=fix(n))

errargt(mfilename,'invalid level value','msg'); error('*');
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end
% Get DWT Mode
dwtATTR = dwtmode('get");
switch o
case 'a’
x = appcoef2(c,s,Lo R,Hi R,n);
if n==0, return; end
Fl=Lo R;F2=Lo R,
case 'h'
% = detcoef2(o,c,s,n);
F1=Hi R;F2=Lo R;
case 'V'
x = detcoel2(o,c,5,n);
Fl=Lo R;F2=Hi R;
case 'd'
x = detcoef2(0,c,5,n);
Fl=Hi R; F2=Hi R;
otherwise
errargt(mfilename,'invalid argument value','msg');
error("*");
end
imin = rmax-n;
x = upsaconv('2D'x,{F1,F2} s(imin+1,:),dwtATTR);
for p=2:n
x = upsaconv('2D',x,{Lo_R,Lo R},s(imin+p,:),dwtATTR);

end
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