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4.2, Fuzzy clustering
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4.2.1. Fuzzy C-means
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The cluster center ¢; can be obtained from:
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function result = FCMclust(data,param)

%data normalization
S99 sla o010
X=data.X;
Soga e 1y Le o gdS o luxS aoly Sy dwdS adlwe e
fO=param.c;

[N,n] = size(X);
[NFO,nf0] = size(f0);
X1 = ones(N,1);

% Initialize fuzzy partition matrix

rand("state”,0)

it max(NfO,nf0) == 1, % only number of cluster given
c = T0;



result.data.d=distout;
result.cluster.v=v;
result.iter = iter;
result.cost = J;
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422 Gustafson-Kessel algorithm
The algorithm of Gustafson-¥Kessel fuzzy clustering (GK-clust)



iter = iter + 1;

% Calculate centers
f = f0;

fm = . \m;

sumf = sum(fm);

v = (fm**X) ./(sumf"*ones(1,n));

for j =1: c,
xv = X - X1*v(,:);
% Calculate covariance matrix
Step 2: Compute the cluster covariance matrices
A = ones(n,1)*fm(:,J)" -*xv " *xv/sumf(J);
Pi(:z,:,3)=1/N*sum(fm(:,j));
d(:.1) =
1/ det(pinv(A)IN(L/2))*1/Pi(, 1, J)*exp(1/2*sum((xv*pinv(A) - *xv),2));
%d(:,J) = 1/{det(A)N(1/2))*Pi(:,:,J)*exp(-1/2*sum((xv*pinv(A) - *xv)")");
end
distout=sqrt(d);
% Update f0
it m>1 %Gath-Geva clustering
d = (d+le-10) .~(-1/(m-1));
else %Fuzzy Maximum Likelihood Estimates
clustering
d = (d+le-10)."(-1);
end
fO = (d ./ (sum(d,2)*ones(1,c)));
J(iter) = sum(sum(f0.*d)); %calculate objective function
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end

fm = f;sumf = sum(fm);

P = zeros(n,n,c); % covariance matrix
V = zeros(c,n); % eilgenvectors
D =V; % eigenvalues

% calculate P,V,D
for j =1 : c,

xv = X - ones(N,1)*v(,:);
% Calculate covariance matrix

A = ones(n,1)*fm(:,J) " -*xv " *xv/sumf(J);
% Calculate eigen values and eigen vectors

[ev,ed] = eig(A); ed = diag(ed)~;

ev = ev(:,ed == min(ed));
% Put cluster info in one matrix

P(:,2,3) = A;

V(d.,:) = ev';

D@.:) = ed;

end;



Repeatfor ! = 1.2, ...

Step I: Compute cluster prototypes (means):
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Step 2: Compute the cluster covanance matrices:

1<i<K.
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1<i< K.

Step 3: Compute the distances:

Da, = (2 — vihT [.ﬂ‘a det(F;)'/"F; ] (2
1=K, 1<k<N.

Step 4: Update the partition matrix:

for l<k<N
ifDya, >0 for 1<i <K,

a0 1

.l = I — .
i Z_:i=’ {Diki’*t.-"f-DjA-AJ ;"2-" (m—1)
otherwise

Li]=D1fD;_A >0, and p}) € [0,1]

with Z fi;. = 1 otherwise.

until UM — U < e
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Step 3: Compute the distances:

D, = (zx —v{O)T |pu det(Fo) /" F7 ] (as —v1),
| sy, 1 <E< N,

M = (/det(pinv(A))/rho(G))™(A/n)*pinv(A);

UWM(z,:,3) = (det(A)/rho(G))-~(1/n)*pinv(A);

d(:,J) = sum((Xv*M.*xv),2);
end

distout=sqrt(d);

J(iter) = sum(sum(f0.*d)); %calculate objective function
% Update O
d = (d+le-10) .~(-1/(m-1));
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fO = (d ./ (sum(d,2)*ones(1,c)));

end %end of iteration period

fm = f.~m; sumf = sum(fm);

P = zeros(n,n,c); % covariance matrix
M=P; % norm-inducing matrix
V = zeros(c,n); % eigenvectors

D =V; % eigenvalues

% calculate P,V,D,M
for j =1 : c,
xv = X - ones(N,1)*v(,:);
% Calculate covariance matrix
A = ones(n,1)*fm(:,J)" - *xv *xv/sumf(J);
% Calculate eigen values and eigen vectors
[ev,ed] = eig(A); ed = diag(ed)~;
ev = ev(:,ed == min(ed));
% Put cluster info in one matrix
P(:,2.3) = A;
M(:,:,3) = (det(A)/rhoQ))-~(1/n)*pinv(A);
V{g,:) = ev";
D@.,:) = ed;

end



