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ABSTRACT

This project is to study and develop a Matlab program for compressing two-dimensional
data by using the Wavelet transform. Form the project results, the maximum compression ratio is
2.33. Furthermore, the SNR value is 316 {dB] and the PSNR value is 284 [dB]; that is the

decompressed image is the same as the original based on a visual criteria
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%

%
s W ey a

% m3tusaninlasismswilavvian

% Image Compresstion Using by Wavelet transform

%

% File name : testmed.m

% By : Mr.Chakkrapong Suami 1D 44370096
% Mr.Sittichat Therdsittikul 1D 44370492
%

%

clear all

close all

% Load files(Picture) & Find ROI{Region of Interest)

img = imread('nemo6464.bmp',’bmp'); mssua11n dnw
roi_img = roi(img); msainTanimlaldhilafi s roi
figure(1)

% Save Filcs

fid = fopen('roi_img.bin', wb’); ﬂ1Slﬁv1ﬂﬁﬁﬂéﬂ'lﬂ‘lu‘llﬂulilﬂﬁﬁuh
fwrite(fid,roi_img,'integer*1");
felose(fid);

%
% Find Wavelet Transform

»
{nrow ncol] = sizc(roi_img); DTITHMATDIIUYHUBUHIAS U IAY

CDl=[];



% Thing on Row Wevelet Transform of Image

for fi=1:1:nrow
xn = roi_img(ii,);

icn,dn] = dwi{xn,'dbl");

C = [en dn];
CDI = [CDI; CJ;
end

nmqunvhﬁn"luuu'mﬂu

% Thing on Column Wevelet Transform of Image

CD=1];

for jj=1:1:ncol
xn = CDI(: jj);
lcn,dn] = dwt(xn,'dbl");
C = fcn;dn];
Ch=[CDC];

end

tT
msttlaaidaluinmds
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%
% Find Huffman code

% Table of Huffman code

[M N] = size{roi_img);

input = CD;

new = reshape(input, |, M*N);
sig = round(new)+512;

histo = medhisto(sig);

[1J V] = find(histo);

p = Visum(V);

symbols =J;

actualsig = sig;

dict = huffmantable(symbols,p);

[ A -
msmInnn laomsGon14Wendu medhisto

A MR ULEIIzI Y

AIVIAIAIT B



% Encode of Huffman code

input = actualsig;

code = encodehuffman(input,dict);

%

53

w o 1
msishsaudiuu

% Save Files

fid = fopen('medical kj','wb');
fwrite(fid,code,'ubit1");
felose(fid);

[a b] = size(code);

% Read in the same file

fid = fopen('medical kj','tb');
data = fread(fid,[a b], ubit1");
fclose(fid);

% Show size files
OP=dir{'nemo6464.bmp')
AD=dir('roi_img.bin")

BD=dir('medical kj')

% - j— —

M5tlaTHaNTs medical kj (I 1Wd luus

11 code wunvasiu'ing

la‘lda

arsilaldande medical.kj ity 1Wd luuss

e 1 4ad 1 ) . '
tifinuegluia medicat kj uuilud data

tla'livid

YUIRVOINHAUDITU
A, £
nnavesnwieg luveuwaiiouls

S ar 3
nnaves v luusidumsiiudadoyanmuds

% Decode of Huffman code
deco = decodehuffman(data, dict);
desig = reshape(deco,M,N);

newsig = desig-512;

% .

msasasiauEduuy




LL=newsig(l:nrow,1:ncol); msaﬂﬁ'ngiy'lmmmu
CDTH = zeros(size(CD));
CDTH(find(abs(CD) <= 100000000000000000000)) = 0;

CDTH(1:nrow,]:ncol)=LL;
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%

% Thing on Column Invert Wevelet Transform of the image
X=[} astalaanduueanvidatuinngs
for jj=1:1:ncol

cd = CDTH(.jj);

cn = cd(1:nrow/2);

dn = cd{(nrow/2)+1:end);

xn = idwi(cn,dn,'dbl");

X={X=xnl;

end

% Thing on Row Invert Wevelet Transform of the image
S=1I; mimlaandvveaidaluuoueu
for ii=1:1:nrow

cd = X(ii,:);

cn = cd(1:ncol/2);

dn = cd((ncol/2)+1:end);

xn = idwt{cn,dn,'db1");

S=[S; xn];

end
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% Check Ermror

. - 4 2/ . a o
nsig = roi_img; Amuald nsig dlunmiegluvenvaniauts
desig = S; smuald desig ifhunmiriumstivsatoyanm

ER = (nsig-desig);

ERR = ERA2;

nesig = nsig™2;

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

SNR = 10*log1 0((sum{nesig(:))/M*N)/Error) YiIR1 SNR

PSNR = 10*logl0{max(nesig(:))/Error) 11A1 PSNR

% .......
% Display(Show)
subplot(2,2,4),image(S),colormap(gray(256)),title('Image Compression using by Wavelet

transform and Post-segmentation approach.’)



%o
% Wavelet & Huffman Code

%

% File name ; test3.m

% By : Mr.Chakkrapong Suami D 44370096
% Mr.Sittichat Therdsittikul 1D 44370492
%

%
clear all

close all

% Load files(Picture)
img = imread('nemo6464.bmp','bmp"); nsfusvnIdan s
roi_img = double(img);

[M N] = size(roi_img);

% show picture

figure(t)
subplot(2,2,1),image(roi_img),colormap(gray(256)),title(‘'Image Original )

% Find Wavelct Transform
»
[nrow ncol] = size(roi_img); ATTHIUUIAYBSAULIUIUBULUASHUIAY

CDl=[];

% Thing on Row Wevelet Transform of Image
for ii=1:1:nrow mamlaanidahunaueu
xn = roi_img(ii,?);
[en,dn] = dwi(xn,'db1");
C =[en dn];
CDI =[CDI; CJ;,

end



% Thing on Column Wevelet Transform of Image
CD =[J; mmlasridalund
for jj=1:1:ncol

xn = CDI(: jj);

[en,dn] = dwt(xn,'dbl");

C = [en;dn];

CD=[CDC];

end

% Find Huffman code

% Table of Huffman codc

input = CD;

[M NJ = size(input);

new = reshape(input, 1, M*N),

sig = round(new)+512;

histo = medhisto(sig); msmANE Taun1sGon 19Haf 5 medhisto
[I T V] = find(histo);

p = Visum(V); msnnn ez
symbols = J;

actualsig = sig;

dict = huffmantable(symbols,p); ATsHIAmMs e dH Aty
% Encode of Huffman code
input = actualsiyg;

code = encodehuffman(input,dict); AW FARu

% Save Files

fid = fopen("'medical kj','wb'); mmilaldafize medical kj st dd s
fwrite(fid,code, ubit1*); 11161 code wuAvae i Wa
fclose(tid); ﬂﬂh‘lﬁ

[a b] = size(code);
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%read in the same file

fid = fopen(‘medical.kj',1b"); asitla IWa NS medical kj (i lvid lns
data = fread(fid,[a b],'ubit1"); ﬁ1ﬁ1ﬁlﬁﬂ8dlu1ﬂi{ medical kj yuilua data
fclose(fid); a'led

% Show size files
AD=dir('nemo6464.bmp") VUIAYBINHAURIID

BD=dir('medical kj') mnaves g linnindumsiiveadeyanmud

%% Decode of Huffman code
deco = decodehuffman(data, dict); asopAsHaLLUaH Ly
dsig = reshape{deco,M,N);

newsig = dsig-512;

LL~newsig(l:nrow, | :ncol); MIAATYYINTUNIY
CDTH = zeros(size{(CD));
CDTH(find(abs(CD) <= 10720)) =0

CDTH(1:nrow, ! :ncol)=LL;

% Thing on Column Invert Wevelet Transform of the image
x=I amsudosndussaialunide
for jj=1:1:ncol

cd = CDTH(: jj);

cn = cd(1:nrow/2);

dn = cd{{nrow/2)+ | :end);

xn = idwi(cn,dn,'db1');

X =X xn);

end



% Thing on Row Invert Wevelet Transform of the image
S=(; asutlasnduvesnvidaluuveu
forii=1:1:nrow

cd = X(ii,:);

cn = ¢d{1:ncol/2);

dn = cd((ncol/2)+1:end);

xn = idwt{cn,dn,'db1");
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§ =[8; xnl;
end
%
% Check Error
- . L3 3/ N A a
nsig =roi_img; Amuald nsig lummiiagluveuvanauly
desig=S; fmuald desig dflunmiidnsiivgadeyaniv

ER = (nsig-desig);

ERR = ER"2;

nesig = nsig"2;

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

SNR = 10*log10((sum(nesig(:))/M*N)/Error) A1 SNR

PSNR = 10*log10(max(nesig(:))/Error) W71 PSNR

%
% Display(Show)
subplof(2,2,3),image(S),colormap(gray(256)),title('Image Compression using by Wavelct

transform and Huffman code."}
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%
% Test Huffman code

%

% File name : hufftest.m

% By : Mr.Chakkrapong Suami
% Mr.Sittichat Therdsittikul
%

1D 44370096
ID 44370492

%

clear all

close all

nsig = double(imread('nemo6464.bmp','bmp')); mssumoinIranin

nesig = nsig(:);

[M N] = size(nsig);

input = nesig;

new = reshape(input, 1,M*N);
p=(0:1:255)/sum(0:1:255);
symbols = 0:1:255;

actualsig = new;

~Alict = huffmantable(symbols,p);

% Encode of Huffiman code
input = actualsig;

g£ode = encodehuffman(input,dict);

% Save Files

fid = fopen('medical kj','wb');
fwrite(fid,code,'ubit1');
fclose(fid);

[a b] = size(code);

mImanuuiesiiy

msmamisavesduiluuy

msdhsianuusdAuLy

M3l lWanse medicalkj (e Waluus

11191 code uuAtaslulda

la’lvd



Y%read in the same file

fid = fopen(‘medical.kj',tb"); msla 1Hdn%e medicalkj tiulWaluuns
data = fread(fid,[a b, ubitt*); ey iu W medical kj uilusi data
fclose(fid), Ta'ld

% Show size files

AD=dir('nemo6464.bmp) YUIRYBINHAURTIY

BD=dir('medical kj?) yuaved a lnnshrumsiiusadeyonmuds
% Decode of Huffman code

deco = decodchuffman(data, dict); msneasHauEvian

desig = reshape(deco,M,N);

0% ——— ML 2y L L)

% Check Error

ER = (nsig-desig); smualdnwiduning - mwﬁdmmsﬁué’m’bgamw
ERR = ER*2;

nesig = nsigh2;

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

SNR = 10*log10((sum(nesig(:)/M*N)/Error) #1181 SNR

PSNR = 10*log10(max(nesig(:))/Error) #IA1 PSNR

%

% Display(Show)

figure(1)

subplot(2,2,1),image(nsig),colormap(gray(256)),title('Tmage Original.")
subplot(2,2,3),image(desig),colormap(gray(256)) title('Image Compression using by Huffman

code.”)
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Harsridlullsunsss

function roi_img = roi(img);

%
% FUNCTION : roi_img = roi(img);

% This function find ROI(Region of Interest)

%% fmg fio ARAUNTU(Input Picture)

% roi_img An mwignsmuaed luvnuaynanamianTa(Region of Interest : ROI)
%

% File name : roi.m

% By : Mr.Chakkrapong Suami 1D 44370096

% Mr.Sittichat Therdsittikul 1D 44370492

%
%

% Load files(Picture}

imgk = double(img); §'1in1ﬁmgn

% Display Show Original Picture

subplot(2,2,1),imshow{(img),colormap(gray(256)),title(Tmage Original.")

% Find ROl

(x1,y1] = ginput(1); % Find Point 1. s MuAgARNEagan 1
[x2,y2] = ginput(1); % Find Point 2. AsiMuagArnisayail 2

x1 = round(x1); astmualditiuais @

x2 = round(x2);
y1 = round(yl);
y2 = round(y2);
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% Find Line

if mod(x1,2)~=0 & mod(x2,2)=—0,
x1=x1+1; x2=x2;

elseif mod(x1,2)~=0 & mod(x2,2)}=0,
x1=x1; x2=x2;

elscif mod(x1,2)=—=0 & mod(x2,2)~=0,
x1=x1; x2=x2+1;

elseif mod(x1,2)—0 & mod(x2,2}==0,
x1=x1; x2=x2;

end

if mod(y1,2)}~0 & mod(y2,2)==0,
yl=yltl; y2=y2;

elseif mod(y1,2}-=0 & mod{y2,2)~=0,
yl=yl; y2=y2;

elseif mod(y1,2)=0 & mod(y2,2)~=0,
yl=yl; y2=y2+l;

elseif mod(y1,2)==0 & mod(y2,2)==0,
yl=yl; y2=y2;

end

if (x1-x2) <=0,

line x = sqrt{(x1-x2)"2),
elseif (x1-x2)>0,

ling x =x1-x2;

end
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if line_x <= 30,
line x =32;

elseif line x <= 064,
line x =line x;

elseif line x > 64,
line x =64;

end

line y=line x;

top =line(x1+1:1:xtHine x,yl+line_y);
under = line(x1+1:1:x1+line_x,yl+1);
right = line(x1+1,y1+1:1:y1+line y);

left = line(x1+line_x,yl+1:1:yl+line_y);

% Show Picturc of ROI

roi_img = imgk(x [+1:1:x1+line_x,yl+1:1:yl+line y);

MR IMUATOLINAA I
AR UAYDLIVAATUA
ASHIMUALBLUAR MU

AN UAVDUUAA LY

subplot(2,2,2),image(roi_img),colormap(gray(256)),title('Region of interest.")

msfimuaveuwanaule
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function h = medhisto(xx);

%
% HISTO Display histogram of image data.

% h = medhisto(xx) displays a histogram with
% xx is input

%

% File name : medhisto.m

% By : Mr.Chakkrapong Suami  ID 44370096
% Mr.Siitichat Therdsittikul 1D 44370492
%

%

h=[}

for gl = 1: 1: length(xx) AIMMuAMm gl
[indx,indy,val] = find(xx-—gl); A191hA o fSsumounun gl
h = {hsum(val)i; mavummitounuiing

end
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function dict = huffmantable(sig,prob);

Y%

% FUNCTION dict = huffmantable(sig,prob);

% This funclion is Table of huffman code

% sig is input

% prob is Probability distribution
% dict is Table of huffman code

%

% File name : huffmantable.m

% By : Mr.Chakkrapong Suami

% Mr.Sittichat Therdsittikul

%

1D 44370096
D 44370492

%

n_ary = [J;

variance = ";

msg—nargchk(2,4, nargin);

if nargin > 2

n_ary = varargin{1};
end
if nargin — 4

variance = varargin{2};

end
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if isempty(n_ary)
n_ary = 2; % defauit value is binary encryption
end
if ( variance )
% if variance contains a non-null string do nothing
elsc
variance = ‘max"; % defaull is maximum variance Huffman code

end

% Make surc that internally all vectors arc represented as column vectors
m = size{sig);
ilm(1)=1)
sig = sig’;
end
m = size(prob);

prob = prob(:);

% Make sure that the input symbols are in a cell array format
if ~iscell(sig)

[m,n] = size(sig);

sig = mat2cell(sig, ones(1,m), ones(1,n)) ;

end

% Check if all the input symbols are either alphabets or numbers or a
% combination of the two
for i=1:length(sig)

isalphanumeric(i) = ischar(sig{i}) || isnumeric(sig{i});

end



% Check if the each symbol in the first input is unique
for i = 1:length(sig)-1
pilotpoint = sig{i};
for j = i+1:length(sig)
if length(pilotpoint) == length(sig(j)) && min(pilotpoint = sig{j})
error('comm:huffmandict:RepeatedSymbols', ‘Source symbols repeat’)
end
end

end

94, Create tree nodes with the signals and the corresponding probabilities
huff_tree — struct(‘'signal, [], *probabitity’, []....
‘child', [1, 'code’, {], ‘origOrder’, -1);
for i=1:lengih( sig ) |
huff_tree(i).signal = sig{i};
huff_tree(i).probability = prob(i);
huff tree(i).origOrder = i;

end

% Sort the signal and probability vectors based on ascending order of

% probability

[s, i] = sort{prob);

huff tree = huff tree(i);

huff tree = create_tree(huff_tree, n_ary, variance); % create a Huffman tree

[huff tree,dict,avglen] = create_dict(huff_tree,{},0, n_ary); % create the codebook
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% The next few lines of code are to sort the dictionary.
% If sorting based on original order then use dict{: 4}.
% If sorting based on the lenght of code, then use dict{:,3}.
[dictsort,dictsortorder] = sort([dict{:,4}]);
finaldict = {}:
for i=1:length(dictsortorder)
finaldict{i,1} = dict{dictsortorder(i}, 1};
finaldict{i,2} = dict{dictsortorder(i), 2};
end

dict = finaldict;

[ .
/0

%% Function: huff tree

% Input: An array of structures fo be arranged into a Huffman tree
% Utility: This is a recursive algorithm to create the Huffman Code
% trec. This is a recursive function

function huff_tree = create_tree(huff_tree, n_ary, variance)

% if the length of huff tree is 1, it implies there is no more than one
% node in the array of nodes. This is the termination condition for the
% recursive loop
if( length(huff tree) <= 1)

retumn;
end
% Combine the first n_ary (lowest probability) number of nodes under one
% parent node, remove these n_ary nodes from the list of nodes and add
% the new parent node that was just created
temp = struct(‘signal, {1, ‘probability’, 0, ...

‘child’, [], ‘code’, []);
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fori=l:n_ary
if( length(huff tree) — 0), break; end
temp.probability = temp.probability + huff tree(1).probability; % for ascending order
temp.child{i} = huff tree(1),
temp.origOrder =-1;
huff tree{i)=[];
end
if{ strempi(variance, ‘min’) == 1)
huff_tree = insertMinVar(huff tree, temp);
clse
huff_tree = insertMaxVar(huff_tree, lemp);
end
% create a Huffman tree from the reduced number of free nodes
huff tree = create_tree(huff tree, n_ ary, variance);
retum;

os -—E ——
it

%% This function will insert a node in the sorted list such that the
% resulting list will be sorted (ascending). If there exists node with the
% same probability as the new node, the new node is placed after these
% same value nodes.
function huff tree = insertMaxVarthuff tree, newNode)
sortedOn = [huff tree.probability];
i=1;
while i <= length(huff trec) && ...
newNode.probability > huff_tree(i).probability

1=i+l;

end

huff tree = [huff tree(1:i-1) newNode huif trec(i:end)];
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%% This function will insert a node in the sorted list such that the
% resulting list will be sorted (ascending). If there exist nodes with the
% same probability as the new node, the new node is placed before these
% same value nodes.
function huff tree = insertMinVar(huff tree, newNode)
sortedOn = [huff _tree.probability];
i=1;
while i <= length(huff tree) && ...
newNode.probability >= huff_tree(i).probability

i=i+l;
end
huff tree = [huff_tree(l:i-1) newNode huff tree(i:end)];

(174
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%% This function does a pre-order traversal of the tree to create the codes
% for each leaf node. This is a recursive function
function [huff_tree,dict,total wted len] =create_dict(huff tree,dict,total wted len, n_ary)
% Check if the current node is a leaf node If it is, then add the signal on
% this node and its corresponding code to the dictionary global n_ary
if( length(huff tree.child) =0
dict{end+1,1} = huff tree.signal;
dict{end, 2} = hufl tree.code;
dict{end, 3} = tength(huff _tree.code);
dict{end, 4} = huff tree.origOrder;
total_wied len =total_wted len + length(huff tree.code)*huff tree.probability;
return;
end

num_childrens = length(huff tree.child);
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fori= l:num_childrens
huff_tree.child{i}.code = [huff_tree(end).code, (num_childrens-i)];
[huff tree.child{i}, dict, total_wted_len] = ...
create_dict(huff_tree.child{i}, dict, total_wted_len, n_ary);

end
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function code = encodchuffman(input,dict);

%
o4, FUNCTION : code = encodehuffman(inpu,dict);
% This function is encodehuffman

% input is input signal

% dict is table's huffman code

% enco is output's binary

%

% File name : encodchuffman.m

% By : Mr.Chakkrapong Suami 1D 44370096
% Mr Sittichat Therdsittikul ID 44370492

%

%

y=0;
for i = I:1:length(input),
for j = 1:1:length(dict)},
if input(i) = dict {j,1},
a=dict{j,2};
dict{j,1};
y=layl
end
end
end

code = y(1:1:end-1);
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function deco = decodehuffman(comp, dict)

04 —
% FUNCTION : deco = decodehuffman(comp,dict);
% This function is decodehuffman

% comp is input's binary

% dict is Table's huffman code

% deco is output

%

% File name : decodehuffman.m

% By : Mr.Chakkrapong Suami  ID 44370096

% Mr.Sittichat Therdsittikul 1D 44370492

%

%

msg=nargchk(2,2, nargin);
[m,n] = size(comp);
isSigNonNumeric = max(cellfun(‘isclass', {dict{:,1}}, ‘char) );
deco={};
i=1;
while(i <= length(comp))
tempcode = comp(i);
found code=1is_a valid_code(tempcode, dict);
while(length(found code) = 0 && i < length(comp))
i=itl;
tempcode = [tempcode, comp(i)];
found code =is a valid code(tempcode, dict);
end
deco{end+1} = found_code;
i=i+1;

end



i n=1) % if input was a column vector

deco = deco'; % the decoded output should also be a column vector

end
if ( ~isSigNonNumeric }

deco = cell2mat(deco);
end

deco = deco(length(deco):-1:1);

Gl -
function found_code =is_a valid code(code, dict)
found code =[];
m = size(dict);
for i=1:m(1)
if ( isequal(code, dict{i,2}))
found code = dict{i,1};
refum;
end

end
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