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Vector Quantization is widely used in digital signal processing and the process of LBG is
a well known method used. However, this method consumes a large amount of time to compute
all data especially in the case of image data. Therefore the datas are divided into groups before
being processed by LBG and this procedure is called Classified Vector Quantization (CVQ). Data
are classified according to an exact constrain. Problem is the limitation of constrain to only certain
groups of data. Modified or new constrain must be created if new groups of data-are applied. All
these methods are difficult to handle. In order to overcome this problem, we introduce the

principle of Polynomial Curve Fitting of degree one so it is called Linear Curve Fitting. It
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ART.M

function [cb,time]=art(s,left,n,data)

% Usage : [cb time]=art(s,left,n,data)

% VQ by ART's Alogithm Fn.

% s : "S" matrix for group of data

% left : "S" matrix for ungroup data

% n : number of codewords equal to "n" in "CLASSIFY"
% data : Data from "PIC2DATA"

% cb : Complete Codebook for all data

% time : Processing Time

tic;

[row col]=size(data);

ratio=ceil(row/n);

[row col]=size(s);

cb=[];

c=0;

for a=1 : row
b=round((s(a,1))/ratio); -«
c=c+b;
cb=[cb;make_cb(b,s(a,:),data)];

end

cb=[cb;make_cb(n-c,left,data)];

time=toc;

AVGDIST.M

function D=avgdist(cb,data,s)

% Usage : D=avgdist(cb,data,s)

% Average Distortion "D" Calculation Fn.
% D : Average Distortion

% cb : Codebook

% data : Data in this group

% s : "S" matrix for the data

[row col]}=size(cb);

D=0;

for a=1 : row
for b=2 : s(a,1)+1

D=D+sum((data(s(a,b),:)-cb(a,:)).A2);

end

end

temp=sum(s);

D=D/temp(1,1);
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CHK_MIN.M

function y=chk_min(cb, cb2, data)

% Usage : y=chk_min(cb, cb2, data)

% Function for check minimum error between DATA (1x16) and CB (256x16)
% New Algorithm for finding minimum distortion

% If there is more than one row make minimum distortion,

% this function detect only the FIRST ROW !

% MINIMUM SUM of (Ai-Bi)*2 = MINIMUM SUM of (Bi*2 - 2AiBi) ; when Al is all the same!
% y : The First Row of 'cb’ that make minimum distortion (Scalar)

% cb : Codebook (row x 16)

% cb2 : cb*cb' (row x 1)

% data : 1 row of data (1 x 16 matrix)

data=data’;
AX=cb*data,
[result y]=min(cb2-(2*AX));

CLASSIFY.M

function {s,left,time] =classify(x, n)

% Usage : [s left timel=classify(x, n)

% Classify input data to "n" codewords and store it in "S" matrix
% s : "S" matrix

% left : "S" matrix for group of vector which less than "th"

% x : Input Data (row x 2)

% n : number of codewords to be created

%  *** it mube be square root to an integer ***

tic
n2=n"0.5;
if n2 ~= round(n2)
=-1;
left=-1;
else

peak=[max(x) min(x)];
delta_l=(peak(1,1)-peak(1,3))/n2;
delta_r=(peak(1,2)-peak(1,4))/n2;
edge_l=peak(1,3);
edge_r=peak(1,4);
for a=1 : n2-1
edge_l(a+1)=a * delta_l + peak(1,3);
edge_r(a+1)=a * delta_r + peak(1,4);
end
edge_l(n2+1)=peak(l,1);
edge_r(n2+1)=peak(1,2);

[row col]=size(x);
d=zeros(n,1);
for a=1 : row
foopbrk=0;
for b=1:n2
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if x(a,1) <= edge_l(b+1)
forc=1:n2
if x(a,2) <= edge_r(c+1)
index=(b-1)*n2 +c;
d(index,d(index,1)+2)=a;
d(index, 1)=d(index,1)+1;
loopbrk=1;
break;
end
end
if loopbrk ==
break;
end
end
end
end

th=ceil(row/n);

a=1;
left=[ 1;
forb=1:n
if d(b,1) >=th
s(a,:)=d(b,:);
a=a+l;

elseif d(b,1) > 0 & d(b,1) < th
for c=2 : d(b,1)+1
left=[left,d(b,c)];
end
end
end
[row col}=size(left);
left=[col,left];
end
time=toc;

DATA2PIC.M

function pic=data2pic(cb,data,x,y,mode)

% Usage : pic=data2pic(cb,data,x,y,mode)

% Conver Data to Picture Function

% pic : Complete Picture

% data : Raw Data from "PIC2DATA" Fn.

% cb : Complete Codebook

% x : X-size

%y :Y-size

% mode : Mode of Data Reconstruction

% if mode = "1" : Restore data in "Left-to-Right" format
% if mode ="2" : Restore data in "Top-to-Buttom" format

{row col]=size(data);

if rem(x,4) ~= 0 | rem(y,4) ~= 0 | x*y/16 ~= row
pic=-1;

else
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s=modify_s(cb,data);
[row col]=size(cb);

if mode ==1
for a=1 : row
forb=1:4
forc=1:4
temp(b,c)=cb(a,(b-1)*4+c);
end
end

for d=2: s(a,1)+1
x_pic=(ceil(s(a,d)*4/x)-1)*4+1;
y_pic=rem(s(a,d)-1,x/4)*4+1;
pic(x_pic : x_pic+3,y_pic : y_pic+3)=temp;
end
end
elseif mode ==
for a=1 : row
forb=1:4
forc=1:4
temp(c,b)=cb(a,(b-1)*4+c);
end
end
for d=2 : s(a,1)+1
x_pic=(ceil(s(a,d)*4/x)-1)*4+1;
y_pic=rem(s(a,d)-1,x/4)*4+1;
pic(x_pic : x_pic+3,y_pic : y_pic+3)=temp;
end
end
end
end

MAKE_CB.M

function cb=make_cb(n,s,x)

% Usage : cb=make_cb(n,s,x)

% Make classify codebook fn.

% cb=complete codebook for each grqup

% n : no of codebook to be made

% s : One row of "S" matrix tell which data will be group
% x : Input data (row x 16) from "PIC2ZDATA" fn.

% loop : Iteration Loop = 500 "Internal Parameter”

% e : Minimum Chage = 0.005 (0.5%) "Internal Parameter”

% ---Build New Data---

x2=[ ]

for a=2 : s(1,1)+1
x2=[x2;x(s(1,a),:)];

end

% ---Convert to Linear Curve Fitting---

for a=1: s(1,1)
x3(a,:)=polyfit(0:15,x2(a,:),1);

end
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% ---Check Redundancy---
x4=x3(1,:);
count=1;
index=1;
for a=2 : s(1,1)
[row coll=size(x4);
redun=0;
for b=1 : row
if x3(a,:)==x4(b,:)
redun=1;
break;
end
end
if redun ~= 1
x4(row+1,:)=x3(a,:);
count=count+1;
index(count)=a;
end
end

% ---Initial Codebook---
if count <=n
for a=1 : count
cb(a,:)=x2(index(1,a),:);
end
else
delta=floor(count/n);
fora=1:n
cb(a,’)=x2(index(1,(a-1)*delta+1),:);
end

% ~---Make Final Codebook---
loop=500;
e=0.005;
old_avgd=-1;
for a=1 : loop
s2=modify_s(cb,x2);
new_avgd=avgdist(cb,x2,52);
if old_avgd > 0 & (old_avgd-new_avgd)/old_avgd <e
break;
end
cb=optmz_cb(x2,s2);
old_avgd=new_avgd;
end
end

MODIFY_S.M

function s=modify_s(cb, data)

% Usage : s=modify_s(cb, data)

% Function Generate new "S" Matrix
% s : "S" Matrix Output



% cb : Codebook
% data : Input Data for the "cb”

[row col)=stze(cb);

for a=1 : row
cb2(a,:)=cb(a,:)*cb(a,:)";

end

s=zeros(row,1);

[row col]=size(data);

for a=1 : row
index=chk_min(cb, cb2, data(a,:));
s(index,s(index, 1)+2)=a;
s(index, 1)=s(index,1)+1;

end

MSE.M

function err=mse(org,restore)

% Usage : err=mse(org,restore)

% Mean Square Error Function

% err : Mean Square Error

% org : Original Picture (M x N matrix)

% restore : Restore Picture (M x N matrix)

if size(org) ~= size(restore)
err=-1;
else
[row col]=size(org);
err=sum(sum((org-restore).*2))/(row*col);
end

PAEY

OBTMZ_CB.M

function cb=optmz_cb(data,s)
% Usage : cb=optmz_cb(data,s)
% Optimize Codebook Function
% cb : New Codebook

% data : Data in this group

% s : "S" Matrix

[row col}=size(s);
for a=1 : row
buffer=0;
for b=2 : s(a,1)+1
buffer=buffer+data(s(a,b),:);
end
cb(a,:)=round(buffer/s(a,1));
end
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ORDER_1.M

function [y,time}=order_1(x)

% Usage : [y time]=order_1(x)

% Linear (1st order) curve fitting Function
% And Adjust the border within 0-255

% y : Data Output (row x 2)

% time : Processing time

% x : Data Input (row x 16)

tic
[row col]=size(x);
if col ~= 16
=-1;
else
for b=1 : row
y(b,:)=polyfit(0:15,x(b,:),1);
temp=[y(b,2) y(b,1)*15+y(b,2)];
y(b,:)=temp;
if y(b,1) > 255
y(b,1)=255;
elseif y(b,1) <0
y(b,1)=0;
end
if y(b,2) > 255
y(b,2)=255;
elseif y(1,2) <0
y(b,2)=0;
end
end
end
time=toc;

PIC2DATAM

function data=pic2data(pic,mode)

% Usage : data=pic2data(pic,mode)

% Convert ‘M x N' Picture ----> 'Row x 16' matrix
% data : Raw data = 'Row x 16’ matrix

% pic : image from file read

% mode : mode for Conversion

% if mode ="1" : Collect data from Left To Right
% if mode = "2" : Collect data from Top To Buttom

if mode ==
pic2=pic’;
[row col}=size(pic2);
if rem(row,4) ~= 0l rem(col,4) ~= 0

data=-1;
else
index=0;

for a=1:4:row-3
forb=1:4:col-3
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temp=pic2(b:b+3,a:a+3);
temp=temp(:);
index=index+1;
data(index,:)=temp’;
end
end
end
elseif mode ==
{row col]=size(pic);
if rem(row,4) ~= 0 | rem(col,4) ~=0
data=-1;
else
index=0;
for a=1:4 : row-3
for b=1:4 : col-3
temp=pic(a:a+3,b:b+3);
temp=temp(:);
index=index+1;
data(index,:)=temp";
end
end
end
end
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AVGDIST.M
function D=avgdist(cb,data,s) -
% Usage : D=avgdist(cb,data,s)

% Average Distortion "D” Calculation Fn.
% D : Average Distortion
% cb : Codebook
% data : Data in this group
% s : "S" matrix for the data
[row col]=size(cb);
D=0;
for a=1 : row
for b=2 : s(a,1)+1
D=D+sum((data(s(a,b),:)-cb(a,:)).”2);
end
end
temp=sum(s);
D=D/temp(1,1);
CHK_MIN.M

function y=chk_min(cb, cb2, data)

% Usage : y=chk_min(cb, cb2, data)

% Function for check minimum error between DATA (1x16) and CB (256x16)
% New Algorithm for finding minimum distortion

% If there is more than one row make minimum distortion,

% this function detect only the FIRST ROW !

% MINIMUM SUM of (Ai-Bi)*2 = MINIMUM SUM of (Bi*2 - 2AiBi) ; when Al is all the same!
% y : The First Row of 'cb' that make minimum distortion (Scalar)

% cb : Codebook (row x 16)

% cb2 : cb*cb' (row x 1)

% data : | row of data (1 x 16 matrix)

data=data’;
AX=cb*data;
[result y]=min(cb2-(2*AX));

INIT_CB.M

function [cb1,time]=init_cb(data,n,mode)

% Usage : [cbl time]=init_cb(data,n,mode)

% Initial Codebook Function

% cb1 : First Codebook (Initialized)

% time : Processing Time

% data : Raw data from "PIC2DATA"

% n : Number of Codeword to be created

% mode : mode of create initial codebook

%:if mode = "1" : Sampling independent inputs
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% if mode = "2" : Select first independent inputs

tic
[row coll=size(data);
if (col ~= 16)
cb=-1;
elseif mode ==
% ---Check Redundancy---
x=data(1,:);
count=1;
index=1;
loop=row;
for a=2 : loop
[row col)=size(x);
redun=0;
for b=1 : row
if data(a,:) == x(b,:)

redun=1;
break;
end
end
if redun == 0

count=count+1;
x(count,:)=data(a,:);
index(count)=a;
end
end
% ---Initial Codebook---
if count<=n
for a=1 : count
cbl(a,:)=data(index(l,a),:);
end
else
delta=floor(count/n);
fora=1:n
cbl(a,:)=data(index(l,(a-1)*delta+1),:);
end
end
elseif mode == 2
loop=row;
cbl(l1,:)=data(l,:);
count=1;
for a=2 : loop
[row col]=size(cbl);
redun=0;
for b=1: row
if data(a,:) == cbl(b,:)
redun=1;
break;
end
end
if redun ==
count=count+1;
cbl(count,:)=data(a,:);
if count==n
break;
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end
end
end
end
time=toc;

LBG.M

function [cb,time,epoch]=lbg(cb1,data)

% Usage : [cb time epoch]=Ibg(cbl,data)

% Make classify codebook fn. (LBG's)

% cb : complete codebook

% time : processing time

% epoch : loop of itertive

% cb1 : Initial codebook from "INIT_CB"

% data : Raw Data from "PIC2DATA"

% loop : Iteration Loop = 500...<Internal Parameter>

% € : Minimum Chage = 0.005 (0.5%)...<Internal Parameter>

tic

cb=cbl;

loop=500;

e=0.005;

old_avgd=-1;

for epoch=1 : loop
s=modify_s(cb,data);
new_avgd=avgdist(cb,data,s);
if old_avgd > 0 & (old_avgd-new_avgd)/old_avgd < e

break;

end
cb=optmz_cb(data,s);
old_avgd=new_avgd;

end

time=toc;

MAKE_CB.M

function cb=make_cb(n,s,x)

% Usage : cb=make_cb(n,s,x)

% Make classify codebook fn.

% cb=complete codebook for each group

% n : no of codebook to be made

% s : One row of "S" matrix tell which data will be group
% x : Input data (row x 16) from "PIC2DATA" fn.

% loop : Iteration Loop = 500 "Internal Parameter”

% e : Minimum Chage = 0.005 (0.5%) "Internal Parameter"

% ---Build New Data---
x2=[];
for:a=2 : s(1,1)+1
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x2=[x2;x(s(1,a),)];
end

% ---Convert to Linear Curve Fitting---

for a=1:5s(1,1)
x3(a,?)=polyfit(0:15,x2(a,:), 1);

end

% ---Check Redundancy---
x4=x3(1,:);
count=1;
index=1;
for a=2 : s(1,1)
[row col]l=size(x4);
redun=0;
for b=1 : row
if x3(a,:)==x4(b,:)
redun=1;
break;
end
end
if redun ~= 1
xd(row+1,:)=x3(a,:);
count=count+1;
index(count)=a;
end
end

% ---Initial Codebook---
if count<=n
for a=1 : count
cb(a,:)=x2(index(1,a),:);
end
else f
delta=fléor(count/n);
fora=1:n
cb(a,:)=x2(index(1,(a-1)*delta+1),:);
end

% ---Make Final Codebook---
loop=500;
e=0.005;
old_avgd=-1;
for a=1 : loop
s2=modify_s(cb,x2);
new_avgd=avgdist(cb,x2,s2); ~*
if old_avgd > 0 & (old_avgd-new_avgd)/old_avgd < e
break;
end
cb=optmz_cb(x2,s2);
old_avgd=new_avgd;
end
end
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MODIFY_S.M

function s=modify_s(cb, data)

% Usage : s=modify_s(cb, data)

% Function Generate new "S" Matrix
% s : "S" Matrix Output

% cb : Codebook

% data : Input Data for the "cb"

[row col]=size(cb);

for a=1 : row
cb2(a,:)=cb(a,:y*cb(a,:)";

end

s=zeros(row,1);

[row col}=size(data);

for a=1 : row
index=chk_min(cb, cb2, data(a,)));
s(index,s(index,1)+2)=a;
s(index, I)=s(index,1)+1;

end

.

OBTMZ_CB.M

function cb=optmz_cb(data,s)
% Usage : cb=optmz_cb(data,s)
% Optimize Codebook Function
% cb : New Codebook

% data : Data in this group

% s : "S" Matrix

[row coll=size(s);
for a=1 : row
buffer=0;
for b=2 : s(a,1)+1
buffer=buffer+data(s(a,b),:);
end
.cb(a,:)=round(buffer/s(a, 1));
end
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