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Speaker Normalization Based on Time-Frequency Warp
with Inter-Frame Consistency

Kei YAMADA , Seiichi UCHIDA and Hiroaki SAKOE

(Received June 22, 1998)

Abstract: A new algorithm for speaker-independent spoken word recognition is presented. The algo-
rithm is based on the time-frequency warping technique where frequency axis warping is performed in
order to adjust individual spectral difference, in addition to time axis warping. In the conventional al-
gorithm, frequency axis warping is independently determined at each frame (i.e., time). In this case,
such warp have a tendency to yield excessive deformations of time-frequency plane, it is feared. In or-
der to suppress such excessive deformations, inter-frame consistency of frequency axis warping is newly
taken into account as constraints on the warping. The optimal warping is obtained by using dynamic
programming with the constraints. As an implementation technique, beam search based acceleration is
also investigated. Experimental results indicates advantageous characteristics of the present algorithm

over the conventional algorithm.

Keywords: Spoken word recognition, Dynamic programming, Time-frequency warping, Frame-to-frame

continuity, Speaker independent recognition
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Fig.3  The present DP algorithm.
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Table 1 Recognition result(w; = 4,w; = 2).

Without penalty
(o =By =0)

With penalty
(ay = fr = 0.01)

Error rate(%) ‘ Average distance

Error rate(%) ‘ Average distance

T |

m——

time

(a) Deformed reference pattern by the
conventional algorithm

Conventional algorithm 6.5 6.2 -
Present Without beam control 22.2 1.53 19.0 1.55
algorithm With beam control 5.5 1.38 4.7 1.40
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(b) Deformed reference pattern by the

present algorithm
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(c) Mapping {t(t), fr (¢ )} by the
conventional algorithm

(d) Mapping {t(t), fr (¢ )} by the
present algorithm

Fig.6  Deformed reference pattern and mapping (/tegami/ = /hiragana/).
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Fig.7 Local distance between /hiragana/ and /tegami/.
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Fig.8 Comparison of local distance between /hiragana/

and /hiragana/.

Table 2 Misrecognized words.

Input Misrecognition
(speaker ID) Conventional | Present
algorithm algorithm
/bizyucu/  (208) /nukiuci/
/hiragana/  (208) /tegami/
/guusuu/  (226) /diizeru/
/hiragana/  (504) /curara/
/tosiue/ (504) | /bugkyoo/
/ginkoo/  (606) /hendoo/
/hiragana/  (606) /curara/
/yomici/  (609) /dageki/
/boosoo/  (609) /oosama/
/boosoo/  (301) /roodoo/
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