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ABSTRACT

This project is to study and develop a program for image compiession by using the lincar
decomposition transform (LDT). The method for compressing image in the three following steps.
First, an image is (ransformed by using the LDT. Second, the transforned image is encoded by
using the Huffman coding to keep the compressed image in terin of a binary file. Third, the binary
file is used for delermining its compression ratio. In addition, the quality of the decompressed
image is compared with the original image in regard to a Signal to Noise Ratio (SNR) and a Peak
Signal to Noisc (PSNR).

From the cxperimental result with three image compression, it has been found that the
maximum value of the compression ratio is 1.9 for the eye image whose SNR is 77.2 dB and

PSNR 15 42.4 dB.
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=y EaR
% Mrlveavoyanwlaele’s LDT

% Image Compresstion Using by LDT

% File name : huffiest.m

% By : Mr.Krichakon Boonruang ID 44362515

% Mr.Puripong Dokkiang 1D 44362739

% — .
clear all

close all

nsig = double(imread('nemo6464.bmp' 'bmp')); % ﬂﬁ'miﬁnﬂ"lﬂﬁé’l’ay,amw

%._.

[QQ,hh,hv]=pkldi2d(nsig,2):
lrow,col} = size(nsig);

05—

% (3unldWandu LoT

1 r o
% 91uMYUIAIe THEn 11

nesig = QQ(:);

[M NI = size(nsig);

input = nesig;

new = reshape(input, 1,M*N);
sig = round(new)+512;

histo = medhisto(sig);

[I T V] = find(histo);

p= V/§um(Y);

~ ymanatheziiy

symbols = T;

actualsig = sig;

dict = huffmantable(symbols,p); % @ $ramresv iy

% Encode of Huffman code

input = actualsig;

code = encodehuffman(input dict);



% Save Files

fid = fopen('compress1.cb','wb'); % msoe IWdnde compress|.ebj AT s
fwrite(fid code,'ubit1"; % fWgudoyansInd
fclose(fid): % ‘ﬂﬂvlﬂ’c{

[a b] = size(code);

%read in the same file ===

fid = fopen(‘compress1.eb','rb?); % tlalda

data = fread(fid,la b, ubitl); ~ % erudeyalulld

felose(fid); % T]ﬂ“lﬂﬁ

% Show size files

AD=dir('nemo6464.bmyp')
BD=dir{*compress1.eb')

% Decode of Huffman code =—=—=

deco = decodehuffman(data, dict);
deco=round(deco)-512;

desig = reshape(deco,M,N);

05 ==

r=pkildt2d(desig,hh, hv);

% Check Error====- I

ER = (nsig-1);

ERR = ER™2;

nesig = nsig"2;

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

SNR = 10*log 10{(sum{nesig(:)}/M*N)/Error)

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

O =—-=: : = O -

% Display(Show) == I

figure(1)

subplot(2,2, 1),image(nsig),colormap(gray(256)),title('Picture")

subplot(2;2,2)image(QQ);colormap(gray(256))title(LDT)” =~ ~ -

subplot(2,2,3),image(r),colormap(gray(256)) title(Inverse")
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%
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%._-Image Compresstion-Using-hy-LDT-
%

% File name : pkidt.m

% By : Mr.Krichakon Boonruang ID 44362515
% — - MrPuripong Dokkiang 1D 44362739
% = — e

function [en,dn] = pkldt(xn,hl)
q = length(hh)/2;
y =xn(2:2:end);
cn = xn{1:2:end);
v0 = conv(cn,hh);
v0 = v0(g+1:1:end-(q-1));

dn = y-v0;
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% Image Compresstion Using by LDT

9%

41

% File name : pkldt2d.m

% By : Mr.Krichakon Boonruang ID 44362515
% Mr.Puripong Dokkiang ID 44362739
_03{0 = — e T —

function [J,hh,hv] = pkldi2d(I,q)
[row,col] = size(]);
hh = genH(I,q);
state I=[];
for i=1:1:row
[en,dn] = pklc(I(i,:),hih);
tmp = [cn dn];
statel = [statel ; tmp];
end
hv= genH(statc1.',q);
state2=[];
for i=1:1:col
[en,dn] = pkldi((state 1(:,i))." hv);
tmp = [en dn];
state2 = [slate2 tmp.'];
end

J=slate2;
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% Image Compresstion Using by LDT
%
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% File name : pkildt.m

% By : Mr.Krichakon Boonruang 1D 44362515
% Mr.Puripong Dokkiang 1D 44362739
_% [

function yn = pkildt{cn, dn, hn)
gq=(length(hn)/2);
tmp = conv(cn,hn);
tmp = tmp(q+1:1:end-(q-1));
ul =dn+tmp;
vl = zeros(1,2*length(dn));
v0 = zeros(1,2*length{cn)):
vi{1:2:end) = ul;
v0(1:2:end) = cn;
v1=[0 v1];
vi=vI(l:l:end-1);

yn=vl+v0;




% — — —_
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% Image Compresstion Using by LDT
%

43

% File name : pkild2d.m

% By : Mr.Krichakon Boonruang ID 44362515
% Mr.Puripong Dokkiang ID 44362739
(34/0; —

function I = pkildt2d(J,hh,hv)
[row,col] = size(J),
statel ={];
for i=1:l:row
tmp = ().
cn =tmp{1:1:row/2);
dn = tmp((row/2)+1:1:end);
out = pkildi(cn,dn,hv);
statel = [state] out.'];
end
statel;
state?=]];
fori=1:1:col
tmp = state1(i,:);
cn = tmp(i:1:col/2);
dn = tmp((col/2)}+1:1:end);
out = pkjldt(cn,dn,hh);

state2= [state2; out);~

end

I = state2;
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% Image Compresstion Using by LIYT

% _File name : penH.m

44

% By : Mr.Krichakon Boonruang ID 44362515
% Mr.Puripong Dokkiang 1D 44362739

% P —

| functionhh=genH({I,q)
[row,col] = size(D);
A=l Y=
, tmp = [0];
 forp=l:liow
tt =I(p,:);

ten = {t(1:2:end);

tdn = 1t(2:2:end);
for i = 1:1:length(tcn)
fork =-q:1:(g-1)
index=i-k;
if index > 0 & index <= length{tcn)
tmp = [tmp ten(index)];
else
tmp = [tmp 0];
end
end

~ A=[A; tmpQ:end)];

Y= [t

tmp=0,
end
end
Rl CHES .

hh = inv(A."*A)*(A."*Y);
hh = hh.'



% — —
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% Image Compresstion Using by LDT
% File name ; medhisto,.m

45

%- By : Mr.Krichakon Boonruang

% Mr.Puripong Dokkiang

ID 44362515
ID 44362739

% [—— __

function h = medhistofxx):

h=[];

for gl = 1: 1: length(xx)
{indx,indy,val] = find(xx==gl};
h = [k sum(val)];

end

myfiruas gl
L] 1 F=1 o 1
M3 xx wuleudiouiue gl

ar 1 ‘ﬂ' [ | 25 1 dl:l'. ]
NS UUMVIHUDUNU TR
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% Image Compresstion Using by LDT

% File name : huffmanrable.m

46

% By : Mr.Krichakon Boonruang 1D 44362515
% Mr.Puripong Dokkiang ID 44362739
% _— — S

function dict = huffimantable(sig,proh):

M

% S —_ — -

% FUNCTION dict = huffmantable(sig,prob);
% This function is Table of huffman code

%o sig is inpul

% prob is Probability distribution

% dict is Table of huffiman code

% = — 4 e S

n ary =[j;

variance =";
msg=nargchk(2 4, nargin);
if nargin > 2

n_ary = varargin{1};

end
if nargin =4

variance = varargin{2};
end

if isempty(n_ary)

——n_ary=2% default-value-is binary cncryption -
end
if ( variance )
% if variance contains a non-null string do nothing
T

variance = 'max"; % default is maximum variance Huffman code

end
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% Make sure that internally all vectors are represented as column vectors
m = size(sig);
iflm(1)==1)

sig = sip":

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), enes(1,n)) ;

end

% Check if all the input symbols are cither atphabets 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)-t
pilotpoint = sig {i};

for j = i+1:length(sig)

e

—if length(pilotpoint) == length(sig(j)) && Hlm(pilotp(;nt — sig {J}j :
crror('comm:huffmandict:RepeatcdSymbols', ‘Source symbols repeat')
end
end

end - -
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% Create tree nodes with the signals and the corresponding probabilities
huff_tree = struct('signal, [], 'probability’, [1,... |
‘child', [1, 'code', [], 'origOrder’, -1);
for i=1:length( 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

% probabil ity

[s, il = sort(prob);

huff tree = hufl tree(i);

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

[huff_tree,dict,avglen| = create_dictthuff tree,{},0, n_ary); % create the codebook

% The next few lings 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(), 1};
finaldict{1,2} = dict{dictsortorder(i), 2};

end

dict = finaldict;

R L
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%% Function: huff tree
% Input: An array of structures to be arranged into a Huffiman free

% Utility: This is a recursive algorithm to_create the Huffman.Code—

% tree. This is a recursive function

function huff tree = create_tree(huff _tree, n_ary, variance)

) % if the length of huff tree is 1, it impli i an-one
% node in the array of nodes. This is the termination condition for the

% recursive loop

g if( lengththuff tree) <= 1)

return;
end
% Corubine the first n_ary (lowest probability) number of nodes under one
% parcent node, remove these n_ary nodes from the list of nodes and add
% the new parent node that was just created
temp = struct('signal', [], 'probability’, 0, ...
‘child, [1, ‘code’, [1);

fori=1: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(1) =[];

S T ([ M —

if strempi(variance, ‘min') = [ )
huff’ tree = insertMinVar(huff tree, temp);
else
— ~ - == huff_tree= inscrtMaxVar(huff trec, temp); - e

end



% create a Huffiman tree from the reduced number of free nodes
huff tree = create tree(huff tree, n_ary, variance);

returm;

%% 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_free = insertMaxVar(huff tree, newNode)
sortedOn = [huff tree probability];
i=1;
while i <= length(huff tree) && ...
newNode.probability > huff tree(i).probability
i=itl;
end

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

%% 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 trec = insertMinVar(huff free, newNode)

sortedOn = [huff_trec.probability];

i=1;

— — - while <= length(huff_tree) &&

newNode.probability >= huff_tree(i).probability
i=i+l;
end

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

-]
o
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R %% 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 freedict,total_wted len] = create_dict(huff_trec,dict,total_wtedilen, n_ary)

% Check if the current.node is.a leafnode-If.it is, then-add-the-signal-on:

% this node and its corresponding code to the dictionary global n_ary

if{ length(huif tree.child) =0)

dict{end+1,1} = huff tree.signal;

- dictfend, 23 = hl[ff‘__h'PP code;

dict{end, 3} = length(huff tree.code);
dict{end, 4} = huff tree.origOrder;
™ total wied len = total wted len + length(huff tree.code)*huff tree.probability:
refurn;
end

num_childrens = length(hufT (ree.child);

for i = 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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%
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% File name : decodehuffman.m

% By : Mr Krichakon Boonruang ID 44362515
% Mr.Puripong Dokkiang 1D 44362739
- _% ——

-y

function deco = decodehuffiman(comp, dict)
msg=nargchk(2,2, nargin);
[m,n] = size(comp);
isSigNonNumeric = max(cellfun(isclass', {dict{:,1}}, '‘char’) E
deco = {};
i=1;
while(i <= length(comp))
tempcode — comp(i);
found code = is_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);

—iftn==1)

end
deco{end+1} = found code;
i=itl;
end
— % if inputwas a colurmn vector — —

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

end
if ( ~isSigNonNumeric )

= “deco = cellZmat(deco);

end

deco = deco(length(deco):-1:1);
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function found code=1is 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};

Tetumn;

end

end




% ——— —_—— S _—

wmsiludadoyanmlagldss Lo

% Image Compresstion Using by LDT

%

% File name : encodehuffman.m

% By : Mr.Krichakon Boonruang 11> 44362515

% Mr.Puripong Dokkiang 1D 44362739

O e

function code = encodehuffinan(input,dict);
y=0;
for i = 1:1: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) ;




I BRI RTLY,

55

A a 2
b {3] Y NTENT uﬁ]&lﬁﬂq

Qiidwn 837 a.usulasTanuiiez a.huileq

o.dioafibnTan 9. AvgyTan 65000

T IARTIATET

- yszAVdTseuAny 9 IssBouiive Tandineay

3 1
- hpfuimdednu lusednlSygnes $4507 4
tardmns sy Ifhuazaoufiunes

ANTIAINTIUANAT UHIINROUISFS

Email : sillyjija@hotmail.com

& = o Py

¥o WIW INIA ABAINYY _
gildun LT W32 @ onag 8.913907 9,941 55140
sz 3ansdnmn

ar ar = = ~ @
- AWTEAUTTOUANYIIN 15 U3 ougws 1IN
8 T
- hgtiumdsdnnluszdinlFoanes 911 4
= -~ a
o 3eans iy IWdhuasnouRmes
AMEIMINTTUAIANT YR 1IN SHUT IS

Email : bombjajaa@hotmail.com




mitusadeyanningds LDT

Image Data Compression by using the LDT method
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ABSTRACT
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