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outlmg = exp(idwt(hpChannels,

[hpChannels IpChannels] = dwt(...

addpath common\;

addpath artikell\;

addpath common\mxSimpleDiff;

Children (called functions)

Function Name ?;Sgtion
multiScaleEnh>idwt M-subfunction
addpath M-function
multiScaleEnh>dwt M-subfunction
multiScaleEnh>softThresh M-subfunction
multiScaleEnh>egag M-subfunction
mean M-function
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IsScalar M-function 12 Os 0%

im2single M-function 1 0s 0%
multiScaleEnh>lookUp M-subfunction | 6 Os 0%

Self time (built-ins, overhead,

0
etc.) 0.046s | 7.0% N

Totals 0.656 s | 100%

Coverage results
[ Show coverage for parent directory]
Total lines in file 364

Non-code lines (comments, blank lines) = 215

Code lines (lines that can run) 149
Code lines that did run 33
Code lines that did not run 116
Coverage (did run/can run) 22.15%

Function listing

Color highlight code according toI time L||

time calls line
1 function [ outlmg execTime ] = multiScaleEnh(inimg,j,
2 sigma,tl,
3 sampl)
4
5 WMULTISCALEENH Multi-scale enhancement of medical ult
6 % [ENHANCEDIMAGE EXECUTIONTIME] =
7 %  MULTISCALENHC(INIMG,J,ALPHA,TMIN,TMAX,SIGMA,T1,T2,
8 %
9 % Returns:
10 %  outlmg Processed Image.
11 % execTime Execution time for image enhancement
12 %
13 % Parameters:
14 % INIMG - Input image.
5% J - Number of channels to be computed by
16 % ALPHA - Decreasing factor for soft thresholo
17 % channels in DWT.
18 %  TMIN - Minimum scaling factor for soft thre
19 %  TMAX - Maximum scaling factor for soft thre
20 %  SIGMA - Estimate of the standard deviation c
21 % T2 - Hard threshold.
22 % T2 - Lower bound for edge enhancement thr
23 % Adaptive Gain of DWT coefficients.
24 % T3 - Upper bound for edge enhancement thr
25 % Adaptive Gain of DWT coefficients.
26 % C - Gain in GAG-function.
27 % B - Controls shape and sign of GAG-funct
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%  GRAPHS - Controls wether graphs of thresholdi
% functions should be plotted or not.
%

% Licensed under BSD as a part of EDGY project sour
% see readme.txt file. For more information see prc
%

% Revision: 1.0

% Date: 2007/05/08

%  Author: Alexander Tuttle, Erik Ringaby

addpatlk common)\;
addpatt common\mxSimpleDiff;
addpatl artikell\;

if ~(IsScalar(jJ) && IsScalar(alpha) && IsScalar(tMax)
&& IsScalar(tl) && IsScalar(t2) && IsScalar(t
&& IsScalar(b) && IsScalar(sigma) && IsScalar
&& IsScalar(sampl))

error ('Parameters must be scalar.');
end
if ~(humel @) == 1 && isnumeric() &&- ..
(3 > 0) && (round(j) == J) && j < 6 );
error ('The number of levels must be a positive in
end
if (tMin >= tMax)
error ('t min must be less than t max');
end
if ~(tl >= 0 && t2 >= t1 && t3 > 12 && t3 <= 1)
error('tl, t2 and t3 must satisfy 0 <= tl <= t2 <
end

% Convert the image to gray scale.
inlmg = im2single(mear (inImg, 3));

if sampl && min(size(inimg)) <= 27}
error ('The input image is too small to be downsanr
end

% 1T sigma is specified as O the user is prompted to

% image that is adequate for estimating the standard

% noise.

logImg = log(inImg+eps) ;

if sigma ==
[upperLeft werRight] = getUserCoordinates (i UIHJ
. | verRight ( )) x (lc

S ght )) . (1c

tion ;L’T[m»{(
sigma = std(imgSelection ( 1))
end

% Compute the function table for the enhancement func
res = 0.001; %table resolution

s = -1; %lower bound for table

e = 1; %Supper bound for table

egagTable = egac(s:res:e, b, c, tl, t2, t3);
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% Plot graphs of thresholding and enhancement functic
if graphs

showGraphs (j,alpha, tMin, tMax, sigma, egagTable, res)
end

% Start timer for measuring execution time of image €
tic;

% Compute the natural logarithm of the image to separ
% noise.
inImg = log(inImg+eps);

U ———mm e DWT —————— -
[hpChannels IpChannels] =dwt (inImg, j, sampl) ;

)
% ——————— Soft thresholding ----———--

% The coefficients below describe the relations betwe
% deviation of the noise in the image and the respect
sigmaxCoeff = [0.7122 0.2828 0.1907 0.1472 0.1217];
sigmayCoeff [0.3416 0.1946 0.1468 0.1194 0.1012];

for level = 1:floor(j/2)
hpChannels{level}(:,:,1) =softThrest(hpChannels{l
tMax, tMin, sigmaxCoeff (level) *sigma, alpha,
hpChannels{level}(:,:,2) =softThrest(hpChannels{l
tMax, tMin, sigmayCoeff (level)*sigma, alpha,

end
S
% —————————— Enhancement through Generalized Adaptiv
for iChannel = ceil(/2):]j

M1 = max(abs (reshape (hpChannels{iChannel} (:,:,1),

M2 = max (abs (reshape (hpChannels{iChannel} (:,:,2),
hpChannels{iChannel}(:,:,1) = M1*lookUp(egagTable
hpChannels{iChannel} (:,:,1)/M1);
hpChannels{iChannel}(:,:,2) = M2*lookUp(egagTable
hpChannels{iChannel} (:,:,2)/M2);
end

% HHHHHARHHHHH R HAEH Help Tunctions #H#HHH#AH

B ———mm e DWT -
function [hpChannels IpChannel] = dwt(img,numChannels
%DWT Frequency decomposition of 2D signal.

% [HP LP] = DWT(S,N,D) decomposes the signal into f
% according to the follow illustration:

%

% | --HPx{1}

% |

% | --HPy{1} | --HPx{N}
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% | |

%  S-—- |--HPy{N}
% | |

% |--LP——— ... ——]

% |

% |--LP

%

% S - Signal to be decomposed.

% N - Number of channels to compute.

% D - Downsample LP-component between channels.

% Filter coefficients for analyzing Ffilters.
hx = [0.0625 0.25 0.375 0.25 0.0625];
gx (01 -11;

lpChannel = img;

if(sampl)
for iChannel = 1:numChannels
hpChannels{iChannel} (:,:,1) = mxSimpleDiff (1¢
hpChannels{iChannel} (:,:,2) = mxSimpleDiff (1

IpChannel = imfilter(imfilter(IpChannel, hx,"r
hx', 'replicate', 'conv');
lpChannel = lpChannel(l:2:end,l:2:end);
end
else
for iChannel = 1:numChannels
hpChannels{iChannel}(:,:,1) = mxSimpleDiff(lg
2~ (iChannel-1)-1);
hpChannels{iChannel}(:,:,2) = mxSimpleDiff(lg
27~ (iChannel-1)-1)"';

IpChannel = imfilter(imfilter(IpChannel,zeroF
'replicate', 'conv'),zeroPad (hx,iChannel)

% ————— IDWT - ————————————-
function img = idwt(hpChannels, IpChannel, sampl)
%IDWT Reconstructs a signal that has been decomposed
% S = IDWT(HPCHANNELS, LPCHANNEI, SAMPL)

%  HPCHANNELS, LPCHANNEL - Output from DWT, write “h
%  SAMPL - Boolean that indicates we
% downsampled during decomg

% Filter coefficients for reconstructing filters.

hx = [0.0625 0.25 0.375 0.25 0.0625];

kx = [-0.00390625 -0.03515625 -0.14453125 -0.3632812E
0.14453125 0.03515625 0.00390625 0];

Ix = [0.001953125 0.015625 0.0546875 0.109375 0.63671
0.0546875 0.015625 0.001953125];

% Split signal into channels with or without downsamg
% channels.
iChannel = length (hpChannels);
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if(sampl)
while iChannel > 0
hpChannelX = imfilter(imfilterhpChannels{iCh
1x', 'replicate', 'conv'), kx, 'replicate

hpChannelY = imfilter(imfilter(hpChannels{iCh
kx', 'replicate', 'conv'),lx, 'replicate'

lpChannel = interp2 (lpChannel, 'spline');
iT mod(size(hpChannelX,1),2) ==

lpChannel = [lpChannel;lpChannel (end,:)];
end
if mod(size(hpChannelX,2),2) ==

lpChannel = [lpChannel lpChannel (:,end)];
end

IpChannel = imFilter(imfilter(IpChannel ,hx",”

'replicate');
lpChannel = hpChannelX + hpChannelY +1pChanne
iChannel = iChannel-1;
end
else

while iChannel > 0O
hpChannelX = imfilter(imfilter(hpChannels{iCh
zeroPad(lIx, iChannel)*", "replicate®, "conv
zeroPad (kx, iChannel), 'replicate', 'conv'

hpChannelY = imfilter(imfilterhpChannels{iCh
zeroPad(kx, iChannel)*®, “replicate®, "conv
zeroPad (lx, iChannel), 'replicate', 'conv'

IpChannel = imfilter(imfilter(IpChannel,zeroF
'replicate'),zeroPad (hx,iChannel), 'replic

lpChannel = hpChannelX + hpChannelY +1pChanne

iChannel = iChannel-1;
end
end
img = lpChannel;
O
% ——— e SOFTTHRESH ----—=————-

function U = softThresh( V, tMax, tMin, sigma, alpha,
%SOFTTHRESH performs soft thresholding of the values
% Y = softThresh( X, TMAX, TMIN, S, A, L ) performs
%  thresholding of X with the threshold t computed a
%

% ( (TMAX-A*(L-1))*S if TMAX-A*(L-1)>TMIN
% t=<
% ( TMIN*S otherwise

% Calculate a threshold
c = tMax - alpha* (lev-1);

if c > tMin
t = c*sigma;
else
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t = tMin*sigma;
end
% Apply soft thresholding
U = sign (V) .* (abs(V)-t).*(abs (V) > t);
0

% —————— EGAG --——————————-
function Y = egag( X, b, c, t1, t2, t3 )

%EGAG Signal enhancement of X through Generalized Ada
% Y = EGAG( X, B, C, T1, T2, T3 ).

% X is the signal that you want to enhance, it can
% a matrix. Parameters B and C control the amount c
% T2 and T3 are thresholds. Values in [0 T1] are ma
% [T2 T3] are amplified and values in ]T1 T2[ and a
% altered.

a = 1./(sigm(c*(1-b))-sigm(-c* (1+b)));

signx = sign (X);

U = signx.* (abs (X)-t2)./(t3-t2);

U bar = a*(t3-t2)* (sigm(c* (U-b))-sigm(-c* (U+b)));

Y = (signx.*t2+U_bar).*((abs(X) <= t3).*((abs(X) >=t
X.*((abs (X) > t3) + (abs(X) < t2)).*(abs(X)>tl);

function Y = sign( X )
%SIGM A sigmoid function
$ Y = SIGM(X) = 1./ (l+exp(-X));

U ————m e ZEROPAD -———-————————-
function out = zeroPad(in, n)

%ZEROPAD Insert zeros between elements of a vector or
% Y = ZEROPAD(X,N) inserts 2~(N-1)-1 zeros between
% vector or matrix X. If X is a matrix X will be ze
% dimensions.

if (n <= 0)
error ('n must be equal to or larger than one');
end

if (n==1)
out = in;
else
n = 2"(n-1);
out = zeros(size(in,1l),n*size(in,2)-n+1);
out(:,1l:n:end)=1in;
end
0
% ———— e LOOKUP ——————————-

function Y = lookUp(funTable,res,X)

%LOOKUP Look up values in a function table with NN-in
% Y = LOOKUP(FUNTABLE, R, X)

% FUNTABLE - table of function values.

% R - table resolution.

% X - values whos correspoding function valu
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% are to be looked up.

% Dummy variables intended to optimize speed
tVarl = (1/res); % Multiplication is faster than divi
tVar2 = length (funTable)/2;

Y = funTable (ceil (X*tVarl+tVar2)):;
0

% ———— SHOWGRAPHS ——-——-———-
function showGraphs(j,alpha,tMin,tMax,sigma,egagTable
%SHOWGRAPHS Displays graphs of thresholding and enhan
x = linspace(-1,1,1/res);
numC = floor (j/2);
% Plot softThresh for fine scale levels of DWT
figl = figure;
set (figl, 'Name', 'Thresholding and enhancement functic
for channel = 1:numC
subplot (1, numC+1, channel) ;
plot (x,softThresh(x, tMax, tMin, sigma, alpha, ch
axis square;title (sprintf ('softThreshold in chann
xlabel x;ylabel ('softThresh(x)"');
end
%Plot egag function
subplot (1, numC+1, numC+1) ;plot (x, lookUp (egagTable, res,
title('Generalized Adaptive Gain function');xlabel x;
Y

function [ x1 x2 ] = getUserCoordinates(img)
%GETUSERCOORD INATES

% [ X1 X2 ] = GETUSERCOORDINATES(IMG)

% Lets the user choose two points in an image and ret
% the coordinates of each point in the row vectors X1

x1 = zeros(1l,2);

x2 = zeros(l,2);

fig = figure;
imshow (img, [min (img(:)) ,max (img(:))]);axis image;colc
set (fig, 'Name', 'Select area for estimation of standar

disp('Select upper left corner of preferred area with
t = waitforbuttonpress;

[x1(1,1) x1(1,2)] = ginput(l);

disp('Select lower right corner of preferred area wit

t = waitforbuttonpress;
[x2(1,1) x2(1,2)] = ginput(l);
xl = ceil (x1);

x2 = floor (x2);

close (fig);
Y



