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Performance Comparison of GMM and HMM Approaches for
Bandwidth Extension of Speech Signals

S 3 Y M oE

(Geun—Bae Song*, Austin Kim*)

SRR
(H4+Uxt: 20074 98 59, £AYUXLE 2007 128 109, AEHAX:: 20084 2 28Y)

2 =R dYE &4 (Bandwidth Extension, BWE)S 3+ 33l $A414 92l 712 £3 2@ (Gaussian
Mixture Model, GMM) HP3} &ddnl3 s el (Hidden Markov Model, HMM) 3P e} A& A5 A5 v w3t}
HMM 32 GMM el 92 71958 7Hd A" o2 4 QIASH &4 Z7he] Al RSl o BWE

-
Ne
&
i
4>
0,
o
AU
n
£
O.
3

] %]01] % ‘:]‘ HQE 7]-2 E]— [E]—Eq—k] OJE,H }‘]E.J _r.aﬂgy]- J\:ﬁ aé 1—5@0% EE]-
At o] AL ] Yol Y E= ol 24 AYEHS] UA & 4

i/
r.t
[
i
rir offt
i)
i)Y
K1
il
)
oo
_?L
xR
el
%
o of

Bt A, AA S5 doME F ‘%}Eﬂ fH Rl ’%“3% E?&Zl%

GMM 2 At o 2 heslris %@% 7}11-1— e -—-6] A 250 gl
SE5ok]| webM= HMM o] a3449] digte] E 4 Q18-S AlARSHL
8o IE Y koA T3nd oY nfeE Fdl Baum—Welch &5
FaEok SAA R} (2.3)

This paper analyzes the relationship between two representative statistical methods for bandwidth extension (BWE):
Gaussian Mixture Model (GMM) and Hidden Markov Model (HMM) ones, and compares their performances, The HMM
method is a memory—based system which was developed to take advantage of the inter—frame dependency of speech
signals, Therefore, it could be expected to estimate better the transitional information of the original spectra from
frame to frame, To verify it, a dynamic measure that is an approximation of the lst—order derivative of spectral
function over time was introduced in addition to a static measure, The comparison result shows that the two methods
are similar in the static measure, while, in the dynamic measure, the HMM method outperforms explicitly the GMM
one, Moreover, this difference increases in proportion to the number of states of HMM model, This indicates that
the HMM method would be more appropriate at least for the ‘blind BWE problem. On the other hand, nevertheless,
the GMM methodcould be treated as a preferable alternative of the HMM one in some applications where the static
performance and algorithm complexity are critical,
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algorithm.
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Fig.2. Test results of HMM-based BWE system for various Nsx L combinations (a) averaged D,g, (b) averaged dD,g,;,.
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Fig. 3. Test results of HMM~based BWE system for various ANsX L combinations
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Fig. 4. (a) Averaged D,, for some 1X /[ combinations (b) Averaged D,,, for some Nsx1 combinations
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