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3 Content-dependent features
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clear all;

2999°9905950050959

pointNumber = 100;
input = load('kk6.c');
n = length(input);

s = 0;
input(n+1l,:) = input(l, :);
for i=1l:n
d = (input(i,1l)-input(i+1l,1))"2 + (input(i,2)-

input (i+1,2))"2;
s = s+sqrt(d);

% points => selected point's array
0;

points(1l,1) = input(l,1);
points(1l,2) = input(1l,2);
pCounter = 1;
for i=1:n
disToNextPoint = sqgrt((input(i,l)-input(mod(i,n)+1,1))"2 +
(input (i, 2)-input (mod(i,n)+1,2))"2);
t = t+disToNextPoint;

if (t>d)
pCounter = pCounter+l;
points (pCounter,l) = input(i,1);
points (pCounter,2) = input (i, 2);
t = 0;
end
end
n = length(points)
for j=1:5
for i=1:n
newPoints (i, 1l)= (points (mod(i-
2,n)+1,1)+points(mod (i, n)+1,1)+points (i, 1))/3;
newPoints (i, 2)= (points (mod(i-
2,n)+1,2)+points (mod (i, n)+1,2)+points (i, 2))/3;
end
points(:, :)=newPoints(:,:);
end
figure;

points(n+1,1) points(1l,1)

points(n+1,2) points(1,2);
plot (points(:,1),points(:,2

axis equal;

0. 0 0 O
°

o}
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|

= points(mod(i,n)+1,1)-points(mod(i-2,n)+1,1);
dfy (i) = points(mod(i,n)+1,2)-points(mod(i-2,n)+1,2);
end
for i=2:n
d2fx (1) = dfx(mod(i,n)+1)-dfx(mod(i-2,n)+1);
d2fy (i) = dfy(mod(i,n)+1)-dfy(mod(i-2,n)+1);
end
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3%%%%%%calc kappa

for i=1:n
k(i)=(dfx (i) *d2fy (i) -
dfy (i) *d2fx(i))/ ((dfx (i) 2+dfy(i)"2)"1.5);
end
figure;
plot((l:n),k(:)); hold on;

Mokhtarian CSS

clear all;

%close all;

clc;

pointNumber = 200;
input = load('kkl.c');
n = length(input) ;

s = 0;
for i=1:n-1
d = (input(i,1l)-input(i+1l,1))"2 + (input(i,2)-

input (i+1,2))"2;
s = s+sqrt(d);

% points => selected point's array
0;

points(1l,1) = input(l,1);
points(1l,2) = input(l,2);
pCounter = 1;
for i=1:n-1
disToNextPoint = sqgrt((input(i,l)-input(i+l,1))"2 +
(input (i, 2)-input (i+1,2))"2);
t = t+disToNextPoint;

if (t>d)
pCounter = pCounter+l;
points (pCounter,l) = input(i,1l);
points (pCounter,2) = input (i, 2);
t = 0;
end
end
n = length(points)

% x=points (i, 1
% y=points (i, 2
% points (i,
% points (i, 2
% end

% for i=1:n

% newpoints(i,1l) = points(mod(i+108,n)+1,1);
% newpoints (i, 2) points(mod (i+108,n)+1,2);
% end

)
)
= intl6 (x*cos(teta)+y*sin(teta));
= intl6 (—-x*sin(teta)+y*cos(teta));

[}



plot (points(l:n+1,1),points(l:n+1,2));hold on;
axis equal;
% plot (points(l:n,1),points(l:n,2),"'—--rs');
figure;
itrNumber = 0;
axis equal;
for j=1:400
for i=1:n
newPoints(i,1l)= (points (mod(i-
2,n)+1,1)+points(mod (i, n)+1,1)+points(i,1))/3;
newPoints(i,2)= (points (mod(i-
2,n)+1,2)+points (mod (i, n)+1,2)+points (i, 2))/3;
end
points(l:n,1l)=newPoints(l:n,1);
points(l:n,2)=newPoints(l:n,2);
points(n+1l, :)=points (1, :);
if (mod(j,5)==0)
plot (points(l:n+1,1),points(1l:n+1,2),"'r");hold on;

o\

o\

% end
$%$%%%dfx
for i=2:n
dfx (i) = points(i+l,1)-points(i-1,1);
dfy (i) = points(i+l,2)-points(i-1,2);
end
dfx (1) = points(2,1)-points(n,1l);
dfy(l) = points(2,2)-points(n,2);
dfx(n+1l) = dfx(1);
dfy(n+1l) = dfy(1l);
for i=2:n
d2fx (1) dfx (i+1)-dfx(i-1);
d2fy (i) = dfy(i+1)-dfy(i-1);
end
d2fx (1) = dfx(2)-dfx(n);
d2fy (1) = dfy(2)-dfy(n);
3%%%%%%calc kappa
for i=1:n
k(i)=(dfx (i) *d2fy (i) -
dfy (i)*d2fx(i))/ ((dfx (i) "2+dfy(1i)"2)"1.5)*100;
end

for i=1:n
if ((k(1)>0 && k(mod(i,n)+1)<0) || (k(i)<0 &&
k(mod (i, n)+1)>0))
plot (i, itrNumber) ;
hold on;
end
end
itrNumber = itrNumber + 1;
end
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lot (points(l:n+1,1),points(l:n+1,2),'k', 'LineWidth',1.5) ;hold

figure;
plot (points(l:n+1,1),points(l:n+1,2));
axis equal;

89000900000000000000000000

$%%5%%dfx
for i=2:n
dfx (i) = points(i+l,1)-points(i-1,1);
dfy (i) = points(i+l,2)-points(i-1,2);
end
dfx(l) = points(2,1)-points(n,1l);
dfy(l) = points(2,2)-points(n,2);
dfx (n+1l) = dfx(1l);
dfy(n+l) = dfy(1l);
for i=2:n
d2fx (1) dfx (i+1)-dfx(i-1);
d2fy (i) = dfy(i+1)-dfy(i-1);
end
d2fx (1) = dfx(2)-dfx(n);
d2fy (1) = dfy(2)-dfy(n);
3%%%%%%calc kappa
for i=1:n
k(i)=(dfx (i) *d2fy (i) -
dfy (i) *d2fx(i))/ ((dfx (i) 2+dfy(i)"2)"1.5)*100;
end

for i=1:n
if (k(i)>0 && k(mod(i,n)+1)<0)
plot (i, itrNumber) ;
hold on;
end
end
itrNumber = itrNumber + 1;

threshold = 0.6* (max(k)-min(k));
thresholdedK = zeros(n,2);
for i=1:n
if (abs(k(i))> (max(k)-threshold))
thresholdedK(i,1l) = points(i,1l);
thresholdedK(i,2) = points(i,2);
end

thresholdedK(1l:n,2),"'"*");
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Linear Prediction
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% function [] = linepredict (fname)
% clear all;
% close all;

o]

% clc;

00 000000000000
©0000000000000

pointNumber = 200;
% input = load(fname);
input = load('kk6.c");

n = length(input);

s = 0;
for i=1:n-1
d = (input(i,1l)-input(i+1,1))"2 + (input(i,2)-

input (i+1,2))"2;
s = s+sqgrt(d);

s/pointNumber;

% points => selected point's array
t = 0;

points(1l,1) = input(1l,1);
points(1l,2) = input(1l,2);
pCounter = 1;
for i=1:n-1
disToNextPoint = sqgrt((input(i,l)-input(i+l,1))"2 +
(input (i, 2)-input (i+1,2))"2);
t = t+disToNextPoint;

if (t>d)
pCounter = pCounter+l;
points (pCounter,l) = input(i,1);
points (pCounter,2) = input (i, 2);
t = 0;

end

2099900990009 0

points (mod (i-
+1,1)+points (i, 1))/3;

newPoints (i, 1)=
2,n)+1,1)+points(mod (i, n
newPoints (i, 2)=

end
points(l:n,:) = newPoints(l:n,:);

figure;

subplot(1,2,1);

plot (points(l:n+1,1),points(l:n+1,2));
axis equal;

dfx (i) = points(mod(i,n)+2,1)-points(mod(i-3,n)+1,1);
dfy (i) = points(mod(i,n)+2,2)-points(mod(i-3,n)+1,2);

0=Q



end

dfx (n+1l) = dfx(1l);
dfy(n+l) = dfy(1l);
d2fx = zeros(n);
d2fy = zeros(n);
for i=2:n
d2fx (1) dfx (i+1)-dfx(i-1);
d2fy (i) = dfy(i+1)-dfy(i-1);
end
d2fx (1) = dfx(2)-dfx(n);
d2fy (1) = dfy(2)-dfy(n);
3%%%%%%calc kappa
k = zeros(n+1l);
for i=1:n
k(i)=(dfx (i) *d2fy (i) -
dfy (i) *d2fx(i))/ ((dfx (i) 2+dfy(i)"2)
end
k(n+l) = k(1);
55%%5%%%5%5%5%5%%%5%%5%5%%%%%%%%%%predict
len = 1;
ptList = zeros(n,3);
for i=1:n
if (abs(k(i))>1)
ptlList(len,1l) = points(i,1);
ptlist (len,2) = points(i,2);
ptList (len,3) = k(1i);
len = len+1;
end
end
ptlList (len, = ptList(1l,:);
subplot(1,2,2);
plot (ptList(l:1len, 1)
plot (ptList(l:1len,1l),ptlList(l:1en,2),
axis equal;
figure;
plot(k);

=0

71.5)*100;

,ptList(l:1len,2)); hold on;

")



3d Curvature Function

clear all;

close all;

clc;

pointNumber = 200;
input = load('kk6.c");
n = length(input);

s = 0;
99000000000000000000000000000
[ 2o Jare Jare Jare Jufe Jare Jufe Jare Jufe Jure Jufe Jfe Jufe Jaie Jule Je Jufe Jufe Jufe Jre Je Je Jufe Jare Je Jaye Je)
input(n+l,:) = input(l,:);
for i=1l:n
d = (input(i,l)-input(i+1,1))"2 + (input(i,2)-

s/pointNumber;

points(1l,1) = input(1l,1);
points(1l,2) = input(1l,2);
pCounter = 1;
for i=1:n-1
disToNextPoint = sqgrt((input(i,l)-input(i+1,1))"2 +
(input (i, 2)—-input (i+1,2))"2);
t = t+disToNextPoint;

if (t>d)
pCounter = pCounter+l;
points (pCounter,l) = input(i,1);
points (pCounter,2) = input(i,2);
t = 0;
end
end
% points(pCounter+1,1:2) = points(1l,1:2)
n = length(points)
figure;

points(n+1,1) points(1,1);
points(n+1l,2) points(1,2);

plot (points(l:n,1),points(1l:n,2));
axis equal;

o}
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= points(i+l,1)-points(i-1,1);
dfy (i) = points(i+l,2)-points(i-1,2);
end
dfx(l) = points(2,1)-points(n,1);
dfy(l) = points(2,2)-points(n,2);
dfx(n+l) = dfx(1l);
dfy(n+l) = dfy(1l);
for i=2:n
d2fx (i) = dfx(i+1l)-dfx(i-1);
d2fy (i) = dfy(i+1)-dfy(i-1);
end

NN



d2fy(l) = dfy(2)-dfy(n);
3%%%%%%calc kappa
for i=1:n
k(i)=(dfx (i) *d2fy (i) -
dfy (i) *d2fx(i))/ ((dfx (i) 2+4dfy(i)"2)"1.5)*100;
end
k(n+l) = k(1);
55%%5%%%5%5%%5%%%5%%5%%%%%%%%%%%%threosholding
pthreshold = 0.1*max(k);
nthreshold = 0.1*min (k) ;
pthresholdedK = zeros(n,2);
ptList(1,1) = 0;
ptList(1,2) = 0;
ptList (1,3) = 0;
len = 0;
for i=1:n
if(k(1)>2)
len = len+1;
pthresholdedK (i, 1) = points(i,1);
pthresholdedK (i, 2) = points(i,2);
ptList(len,1l) = points(i,1);
ptList(len,2) = points(i,2);
ptList(len,3) = k(i);
end
end
nthresholdedK = zeros(n,2);
len = 0;
for i=1:n
if(k(i)<=-2)
len = len+1;
nthresholdedK(i,1l) = points(i,1);
nthresholdedK (i, 2) = points(i,2);

ntList(len,1l) = points(i,1);
ntList(len,2) = points(i,2);
ntList (len,3) = k(i);
end
end
if (exist ('ptList'))
len = length(ptList)+1;
ptlList(len,:) = ptList(l,:);
end
if (exist ('ptList'))
len = length(ntList)+1;
ntList(len, :) = ntList (1, :);

figure;

plot (pthresholdedK(1l:n,1),pthresholdedK(l:n,2), 'rs');
plot (nthresholdedK(1l:n, 1), nthresholdedK(1l:n,2), 'gs');
axis equal;

axis wvis3d;

ptlen = length(pt
ntlen = length(nt
plot3(ptlList (2:ptlen,
")



fill3(ptList(2:ptlen,l),ptlist(2:ptlen,2),ptlist(2:ptlen,3),'r
piét3(ntList(2:ntlen,l),ntList(Z:ntlen,Z),ntList(Z:ntlen,3),'g
fiil3(ntList(2:ntlen,l),ntList(Z:ntlen,Z),ntList(Z:ntlen,B),'g
pigt ptList (2:ptlen,l),ptlist(2:ptlen,2),"
fill(ptList(2:ptlen,1l),ptlist(2:ptlen,2),"

( ( ")

( (
fill(points(:,1),points(:,2),'b");

( (

( (

r 7
r');
plot (ntList(2:ntlen,1),ntList(2:ntlen,2),"

g
fill(ntList(2:ntlen,1l),ntlList(2:ntlen,2),'g");

Classification with [ function and new derivative

clear all;
clc;
chickens = 44¢;
for k=1l:chickens
fname = sprintf ('chicken\\c_%d.txt',6k);

t = diagonalpoint (fname, 9);
s = size(t);
11(k,1:s(1),1:2) = t;
end
v = double(zeros (chickens));
for j=1:1
11=[1;
11(:,1) = nonzeros(ll(j,:,1));
11(:,2) = nonzeros(ll(j,l:1length(1l1l),2));
for i=1l:chickens
if(j~=1i && v (i, j)==0)
12 = [];
12(:,1) = nonzeros(11(i,:,1));
12(:,2) = 11(i,1:1length(12),2);
dl = match2(11,12);
12 = 12(length(12):-1:1, :);
d2 = match2(11,12);
v(i,j) = min(dl,d2);
end
end
End

nn



Calculate described feature vector

20999009900090909000900900

input(i,1l)-input (mod(i,n)+1,1))"2 + (input(i,2)-
(i,n)+1,2))"2;
1 = sl+sqgrt(d);

3
0O .
0~ 5

points (1, 2)
pCounter = 1;
for i=1:n

disToNextPoint = sqgrt((input(i,l)-input (mod(i,n)+1,1))"2
(input (i, 2)-input (mod(i,n)+1,2))"2);

t = t+disToNextPoint;

if (t>=(d-0.4))
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pCounter = pCounter+l;
points (pCounter,l) = input(i,1l);
points (pCounter,2) = input (i, 2);
t = 0;
end
end
n = length(points);
for j=1:5

for i=1:n
newPoints (i, 1l)=
2,n)+1,1)+points (mod (i, n
newPoints (i, 2)=
2,n)+1,2)+points (mod (i, n
end
points(:, :)=newPoints(:,:);

points (mod (i-
+1,1)+points (i, 1))/3;
points (mod (i-
+1,2)+points (i, 2))/3;

~— o~~~
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x = points(mod(i+m-1,n)

y points (mod (i+m-1,n)
dist (i) = sqrt(x"2+y"2);
x = points(mod(i+m-1,n)
y = points(mod(i+m-1,n)
dd (i) = sqgrt(x"2+y*2);

90090000000000000000
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for 1 = 1:n

if ((dist(mod(i,n)+1)>=dist (i) && dist (mod (i-
2,n)+1)>=dist (1)) || (dist(mod(i,n)+1)<=dist (i) && dist (mod(i-
2,n)+1)<=dist (1i)))

c =c+ 1;
lis(c,1) = i;
lis(c,2) = dist(i);

end
end
cc = 1;
for i = 1:c

if ((cc>=1 && abs(lis(mod(i-2,c)+1,1)-1is(i,1))>=4)]]|
(cc>1l &&abs(lis(i,l)-1is2(cc-1,1))>=3))

lis2(cc,:) = lis (i, :);
cc = cc+l;
end
end
lis2(cc,:) = 1is2(1, :);
1l = zeros(cc-1,2);
for i=l:cc-1
1(i,1) = 1is2(i+1,2)-1is2(i,2); %h
1(i,2) = 1is2(i+1,1)-1is2(i,1); %a
end
l(cc-1,2) = n + 1l(cc-1,2);
1(:,2) = 1(:,2)/n;
Match function match2.m
function [mvalue] = match2(11,12);
n = length(1l2);
12(n+1:2*n,:) = 12(1:n, :);
for i=1:n
% m(i) = match3(1l1l,12(i:n+i-1));
m(i) = match3(11(:,1),11(:,2),12(i:n+i-1,1),12(i:n+i-
1,2));
end
mvalue = min(m);

Match function (dynamic programming ) match3.m

N A



function [mvalue] = match3(hl,11,h2,12);

cl = length(1l1l);
c2 = length(1l2);
1 = zeros(cl+l,c2+1);

1(1,1) = 0O;
for i=2:cl+1

1(i,1) = 1(i-1,1) + abs(ll(i-1)*hl(i-1));

end
for i=2:c2+1

1(1,1) = 1(1,1-1) + abs(l2(i-

end
for i=1l:cl
for j=1l:c2
sl
s2
s3 =

1(i,j+1) + abs (11 (
1(i+1,3) + abs(l2(
1(i,3) + abs((11(1

1(i+1,J+1) = min([sl s2 s3]

end
end
mvalue = 1(cl+1l,c2+1);

Linear prediction with [ function

clear all;

close all;

clc;

fname = 'brd\kk30.c';
pl = 1;

pointNumber
input = load(fname);
n = length(input);
input2 = input;
input2(n+l:n+n,:) = input(l:n,

Il
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pointDist (1) = 0.0;
for i=1:n

d = (input(i,l)-input (mod(i,n)+1,1))"2 +

input (mod (i, n)+1,2))"2;
sl = sl+sqgrt(d);

pointDist (i+1) sl;
end
d = sl/pointNumber;
99000000000000000000
[ 2o Jare 2o Jare Jufe Jare Jie Jare Jufe Jre Jufe Jafe Jule Jare Jue Jafe Jfe Jage Je)
t = 0;

points(1,1)
points(1l,2) = input(1l,2);
pCounter = 1;

i
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1)
input(l:n,:) = input2(n+269:-1:270,

YAl =]
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1)*h2(i-

1))s

(input (i, 2) -



for i=1:n

disToNextPoint = sqgrt((input(i,l)-input (mod(i,n)+1,1))"2 +

(input (i, 2)-input (mod(i,n)+1,2))"2);
t = t+disToNextPoint;
if (t>=(d-0.4))

points (pCounter,l) = input(i,1);
points (pCounter,2) = input(i,2);
ind (pCounter) = 1i;
t = 0;
pCounter = pCounter+l;
end

end

n = length(points);

for j=1:3

for i=1:n
newPoints(i,1l)= (points (mod(i-
2,n)+1,1)+points (mod (i, n)+1,1)+points (i, 1))/3;
newPoints(i,2)= (points (mod(i-
2,n)+1,2)+points (mod (i, n)+1,2)+points (i, 2))/3;

end

points(:, :)=newPoints(:, :);
end
points(n+l,:) = points(1l,:);
figure;

subplot(1,2,1);

plot (points(:,1),points(:,2)); hold on;

plot (points(l:n,1l),points(l:n,2),"'.x");

plot (points(1:20:n,1),points(1:20:n,2),".k");
axis equal;

hold on;
curvelength =
for m = 71:71

= (points(mod(i-m-1,n)+1,1)-points (mod (i+m—
(points (mod (i-m-1,n)+1,2)-points (mod (i+m—

90090000900000000000000

newdist(i)= (dist (mod(i-
2,n)+1)+dist (mod (i, n)+1)+dist(i))/3;
end
dist=newdist;

if ((dist (mod(i,n)+1)>=dist (i) && dist (mod (i-

2,n)+1)>=dist (1)) || (dist(mod(i,n)+1)<=dist (i) && dist (mod(i-

2,n)+1)<=dist (i)))
crit(c,:) = points (i, :);

nn



c = c+1;

end

end
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1) = crit (1l

crit(c,

subplot(1,2,2);

:,1),crit(:,2));

axis equal;

plot (crit(
hold on;

:, 1), crit(

length(crit)

plot (crit(
figure;

plot (dist);

end
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