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Abstract 

This paper focuses on improving in the performance of a Taiwanese keyword spotting system 
by integrating speech assessment and pitch contour classification. In the first part of this 
research, we use different methods to implement a Taiwanese keyword spotting system. In 
second part, we improve the system by validation using speech assessment and pitch contour 
classification. Two methods are adopted in the first part to implement the keyword spotting 
system: hidden Markov model and phone mismatching method. We then perform speech 
assessment and pitch contour classification to validate the candidate keywords selected by 
these two methods to refine the results. A threshold is used for a decision tree to make the 
final decision. Experimental results shows that the equal error rates (ERRs) reduce about 20% 
and 5% after being incorporated speech assessment validation. After being incorporated with 
pitch contour classification, ERRs further reduce about 1%. This concludes that the validation 
technique using speech assessment and pitch contour classification can improve the 
performance of Taiwanese keyword spotting. 

Keywords: Keywords spotting, hidden Markov model, penalty matrix 

3C
3C

confidence measure, CM

Proceedings of the Twenty-Fourth Conference on Computational Linguistics and Speech Processing (ROCLING 2012)

327



filler-model

18 61
fi_init fi_final

[1]

Phone Mismatch Penalty Matrix development

substitution insertion
deletion

[1]

1.

Pr

Proceedings of the Twenty-Fourth Conference on Computational Linguistics and Speech Processing (ROCLING 2012)

328



indicator log
[17]

 ( )

Pr 

2.

[2]

i I D [2]

3.

4.

P

( , , , )
DP

Proceedings of the Twenty-Fourth Conference on Computational Linguistics and Speech Processing (ROCLING 2012)

329



1

D (P , ) 

P Q

(n) n

C i i row

column

backtracking

Proceedings of the Twenty-Fourth Conference on Computational Linguistics and Speech Processing (ROCLING 2012)

330



ϒ

ϒ ϒ

rank ratio score

rank ratio score [12][13] confidence measure

(2) (3)

(2)

Proceedings of the Twenty-Fourth Conference on Computational Linguistics and Speech Processing (ROCLING 2012)

331



(3) 

rank p
a b a b

[11]

[14] 1 7 1 5 6
7 -p -t -k -h 8 9

1.

UPDUDP[9] UPDUDP[9] Dynamic 
programming, DP
AMDF[10] (average magnitude difference function ) DP

[8]
Gaussian mixture model,

GMM [15]

2.

ForPA lau2_heh7 1 4

Proceedings of the Twenty-Fourth Conference on Computational Linguistics and Speech Processing (ROCLING 2012)

332



GMM
log-likelihood 1 4

decision 
tree

70 50

log-likelihood -8

HMM

Proceedings of the Twenty-Fourth Conference on Computational Linguistics and Speech Processing (ROCLING 2012)

333



70 70

[7] development

ForPA

ForPA

Proceedings of the Twenty-Fourth Conference on Computational Linguistics and Speech Processing (ROCLING 2012)

334



97 539 692 533 2

false rejection rate ,FRR [16]
false acceptance rate , FAR [16]
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