
FROM ACOUSTIC STREAM TO PHONEME POSTERIORS

Hierarchical Approach For Spotting Keywords

References
1. Rose, R., Paul, D.:A Hidden Markov Model Based
 Keyword Recognition System.In Proceedings of 
ICASSP '90,  pp. 129--132, Albuquerque, New Mexico, 
United States, 1990.
2. Rose, R.:Keyword Detection In Conversational Speech
 Utterances Using HiddenMarkov Model Based 
Continues Speech Recondition. Computer Speech and 
Language, 9, 309--333, 1995.
3.Hermansky, H.: Perceptual linear predictive (PLP) 
analysis of speech, J. Acoust. Soc. Am., Vol. 87, No. 4, April  1990.
4. Hermansky, H. et al: Connectionist Feature Extraction 
for Conventional HMM Systems. In Proceedings of 
ICASSP '00, Istanbul, Turkey, 2000.
5. Cole R. et al.: Telephone Speech Corpus Development 
at CSLU. In Proceedings of ISCLP '94, pp. 1815--1818, 
Yokohama, Japan, 1994.
6. Cole R. et al.: New Telephone Speech Corpora at 
CSLU. In Proceedings of Eurospeech '95, pp. 821--824, 
Madrid, Spain, 1995. 

- In this approach we try to get the target sounds from the acoustic stream and ignore the rest
- Target sounds are phonemes, a correct sequence of target sounds indicates a keyword
- The approach is tested in numbers95 database to spot digits
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I N T R O D U C T I O N

Daily experience suggests that not all words in the conversation, but only a few 

important ones, need to be recognized for satisfactory speech communication. 

Keyword spotting approaches this by trying to recognize only a limited number of words 

while ignoring the rest. 

Typical keyword spotting systems are still based on conventional automatic speech 

recognition (ASR), which might not be the optimal strategy. In this work we study an 

alternative approach to keyword spotting where the goal is to find the target sounds and 

ignore the rest.
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FROM FRAME-BASED PHONEME POSTERIORS
TO PHONEME-SPACED POSTERIORSvv

FROM PHONEME-SPACED POSTERIORS TO WORDSw
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! Phoneme posterior estimates derived every 

10ms

! Feature extraction using 2-D filtering of 

critical band spectrogram:

- Temporal filtering with Gaussian filters (Fig. 1)

- Derivatives across frequency

! Features are fed to an MLP (TANDEM probability 

estimator [1]) trained to give the phoneme posterior 

estimates

Fig. 1. Normalized impulse 

responses  o f  the  two  

sampled and truncated 

Gaussian derivatives.

! Phonemes are found by filtering the 

posteriogram with a bank of matched 

filters ( F i g .  2 )

! Matched f i l ters  are obta ined by 

averaging 0.5 s long segments of 

phoneme trajectories

! L o c a l  m a x i m a  o f  t h e  f i l t e r e d  

posteriogram are extracted

! A posterior threshold is applied Fig. 2. The matched filter bank of tem-

poral trajectories of phoneme posteriors

Fig. 3. Histograms of the  distances (in frames) 

between phonemes of the word one. 

! An alarm is set, if the right 

stream of phonemes appears 

within certain in t e r va l s

! These intervals are defined by 

looking at the keywords in the 

training data (Fig. 3)
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Two telephone corpora were used: OGI-Stories [2] and OGI-

Numbers95 [3]. The MLP was trained on 29 English phoneme 

targets from a joint set of both corpora and the bank of 

matched filters from a subset of numbers. The test data was a 

subset of OGI-Numbers95 containing only digits.
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Two telephone corpora were used: OGI-Stories 

[2] and OGI-Numbers95 [3]. The test data was a 

subset of the latter, containing only digits.

! Our technique looks only for the target 

sounds and ignores the rest

! The approach was applied quite 

successfully for spotting a digit in the 

stream of other digits

! The performance depends mostly on the 

accurate frame-level phoneme posterior 

estimates

! In the case of unrestricted speech, the 

step from phoneme estimates to words 

needs further development

Temporal filtering of 15 critical band trajectories  with a bank of 2 x 8 Gaussian filters (Fig. 1) resulting in 
1 5  x  2  x  8  =  2 4 0  f e a t u r e s .
Approximations of first frequency derivatives, resulting in 13 x 2 x 8 = 208 features.
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