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Motivation

»Overcome two shortcomings of fuzzy c-means (FCM)
- sensitivity to initialization

- inability to use non-linear separable data

»Reduce the computational complexity when providing a solution
for the shortcomings given above.



Method

» Global Kernel Fuzzy C-Means-F (GKFCM-F)

- overcomes the two shortcomings of FCM

- integrates the advantages of KFCM-F and GFCM to realize a near-optimal solution for
non-linearly separable data

»Fast Global Kernel Fuzzy C-Means-F (FGKFCM-F)

- an accelerating scheme that chooses the set of initial memberships, with KFCM-F executed
only once at each stage

- does not significantly affect the solution quality



GKFCM-F and FGKFCM-F

Input: Output:
1. X={x, ..., X;, ..., Xy}, X; €R’, the dataset; 1. v=1{V,V,,...,V}, the final cluster prototypes;
2. C, 1<C<N, the number of clusters; 2. H={h, tys--s Hcf , the final memberships

3. &0, the stopping criterion of algorithm;
4,y = u’,..., 4y, the initials of memberships;
5. m>1, the weighting exponent;

6. o, the GRBF kernel parameter.



GKFCM-F Algorithm

1. Compute V" (1) using Eq. (23) with initial position V(1)
placed at data point which minimizes Eq. (24);

2. for k=2 to C do
3. forn=1toNdo

4. Set 1nitial state
7O k) = 5,(k), 5, (k),....5,_, (k),7, (k)}
= 5 (=1, (k=)0 5 (k=) 3
5. Set initial memberships #" (k) with respect to " (k)
using Eq. (25);
u" (k)< KFCM - F(X,k,e,m,o%, 1" (k))
end

[ = argmin J“ (4" (k)) , using Eq. (23)

1=n==N

(k) <« p' (k);

= s

10.
11.
12.
13.
14.
15.
16.
17.

PO (k) < 7O (k);
Lets=1;
Update #¥(k) with $“7(k) using Eq. (23);
IE (5900 -7 k)<
STOP and v (k) < v (k);
Else s = s + 1 and return to Step 12;

end

V< v (C), u< u(C).



FGKFCM-F Algorithm

p—

=k s

. Compute V" (1) using Eq. (23) with initial position v(1)
placed at data point which minimizes Eq. (24);

.for k=2 to C do
for n=1to N do

Set 1nitial state
7O k) = 5,(k), 5, (k),....5,_, (k),7, (k)}
= (5 (k=1), 7 (k=1),...,7_ (k=1),x };

Set initial memberships #"” (k) with respect to 7" (k)
using Eq. (25);

end

/= afgnf;}vin J?(u" (k) using Eq. (19)

" (k) <~ KFCM - F(X ,k,s,m,c°, u"” (k))
O (k) 7' (k);

10. Lets =1;

1. Update #*(k) with $° (k) using Eq. (23);
12. If [0 -7"0) e,

13. STOP and v* (k) < v (k);

14. Elses=s+ 1 and return to Step 12;

15. end

16. V<V (C), u<« 4 (C).



Simulation Results
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Conclusions

»Propose a novel clustering scheme (FGKFCM-F) that derives a near-optimal

solution by solving all intermediate problems using kernel-based fuzzy C-means-F
(KFCM-F) as the local search procedure.

»Overcome shortcomings of FCM: (1) sensitivity to initialization, and (2) inability to
use non-linear data.

»Reduce computational complexity without significantly affecting solution quality.

» Experimental results show that FGKFCM-F is superior to other methods for both
the artificial and the real-world datasets of speech signal.
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