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Introduction (1/3) 

• It is extremely important to able to make an appropriate 
and reliable judgement based on the error-prone ASR 
result. 

• researchers have proposed to compute a score 
(preferably 0~1), called confidence measure (CM) to 
indicate reliability of any recognition decision made by 
ASR system.

• Under a different name, namely utterance verification , 
Rose et al.(1995) first formally cast the CM problem in 
speech recognition as a statistical hypothesis testing 
problem 
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Introduction (2/3)

• First of all, we can backtrack some early research on CM 
to rejection in word-spotting systems.

• Other early CM-related works lie in automatic detection 
of new words in LVCSR. 

• From the past few years, the CM is applied to more and 
more research areas, ex :
– To improve speech recognition
– The algorithm about look-head in LVCSR
– Guide the system to perform unsupervised learning
– …
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Introduction (3/3)

• all methods proposed for computing CMs can be roughly 
classified into three major categories : 

– Predictor features.

– Posterior probability

– Utterance verification (UV)
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How to compute CMs (1/16)

• Predictor features :
– Collected during decoding procedure and may include acoustic 

as well as language information

– Any feature can be called a predictor if its p.d.f of correctly 
recognized words is clear distinct form that of misrecognized 
words

Feature value
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How to compute CMs (2/16)

• Predictor features (cont) : Some common predictor 
features 
– Pure normalized likelihood score related : acoustic score per 

frame.

– N-best related : count in the N-best list, N-best homogeneity 
score, …

– Acoustic stability : 

align align

Different LM
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How to compute CMs (3/16)

• Predictor features (cont) : Some common predictor 
features
– Hypothesis density :

– Posterior probability

– Log-likelihood-ratio

– Duration related : phone duration, word duration
– LM score
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How to compute CMs (4/16)

• Predictor features (cont) : Some common predictor 
features
– Parsing related :
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How to compute CMs (5/16)

• Predictor features (cont) : some people attempt to 
combine several different features for a better performance
– Line discriminant function

– Generalized linear model

– Neural networks

– Decision tree

– Support vector machine

– Boosting

– Naïve bayes classifier
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How to compute CMs (6/16)

• Posterior probability :
– The conventional ASR system 

– In theory, we should compute P(X) as follow :
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How to compute CMs (7/16)

• Posterior probability (cont) :
– Word graph is a compact and fairly accurate representation of all 

alternative competing hypotheses
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How to compute CMs (8/16)

• Posterior probability (cont) :
– The any arc in word graph can be computed as : 

– some issue are addressed and the word posterior probability  is 
generalized

• Reduced search space

• Relaxed time registration

• Optimal acoustic and language model weights
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How to compute CMs (9/16)

• Posterior probability (cont) :
– some approaches 
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How to compute CMs (10/16)

• Posterior probability (cont) :
– The drawbacks of above methods – needed the additional pass.

– So in [9], they proposed the “local word confidence measure”
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How to compute CMs (11/16)

• Posterior probability (cont) :
– Impact of Word Graph Density on the Quality of Posterior 

Probability
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How to compute CMs (12/16)

• Utterance verification
– The CM problem is formulated as a statistical hypothesis testing

problem.

– Under the framework of UV, we propose two complementary 
hypotheses

– Then we test      against
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How to compute CMs (13/16)

• Utterance verification (cont)
– As pointed out by Lee(2001), the above LRT score can be 

transformed to a CM based on a monotonic 1-1 mapping function.

– The major difficulty with LRT is how to model the alternative 
hypothesis.

– In practice, the same HMM structure is adopted to model the 
alternative hypothesis.

– A discriminative training procedure plays a crucial role in improving 
modeling performance.
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How to compute CMs (14/16)

• Utterance verification (cont) – MCE training
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How to compute CMs (15/16)

• Incorporation of high-level information for CM
– LSA : 

• The key property of LSA is that words whose vectors are 
“close” correspond to semantically similar words.

• These similarities can be used to provide an estimate of the 
likelihood of the words co-occurring within the same 
utterance.
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How to compute CMs (16/16)

• Incorporation of high-level information for CM (cont)
– Inter-word mutual information :
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Some recent applications (1/9)

• Verification-Based Fast-Match
– Introduction

Initial search space

active nodes

Possible network expansion

Fast-match pruning

Pruned search space

t-1

t

t+tL1

t+tL2

t+tL3

t+tL4

t+tL5

t+tL6

Fast-match pruning

Fast-match pruning

Fast-match pruning

Fast-match pruning

Fast-match pruning



25

Some recent applications (2/9)

• Verification-Based Fast-Match (cont)
– For a fast-match the null and alternative hypothesis testing for 

phoneme     can be written as : α
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Some recent applications (3/9)

• Word error minimization : 
– Statistical decision theory aims at minimizing the expected of 

making error

– To assume the boundary time of word sequence is given [5]:
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Some recent applications (4/9)

• Word error minimization (cont) :
– Minimizing the expected SER does not necessarily minimizing  

the expected WER

– In [7]
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Some recent applications (5/9)

• Word error minimization (cont) :
– In this very general framework

– The easiest way to overcome this mismatch it to use the same 
cost function – Levensthein distance

– In (Stolcke et. al 1997), the pairwise alignment is restricted to N-
best list.

– Let us assume that sub. were the one type of error.
• A dynamic programming alignment would thus not be 

necessary.

)17()|(),(minarg 1111
*

1
11 ⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⋅= ∑ TMMN

vw

N xvpvwCw
MN



29

Some recent applications (6/9)

• Word error minimization (cont) :
– With these considerations and with the fact that a word 

graph contains the start and end time :

– We can now define a now cost function using the notion of time frame 
errors
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Some recent applications (7/9)

• Word error minimization (cont) :
– Correlation analysis
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Some recent applications (8/9)

• Word error minimization (cont) :
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Some recent applications (9/9)

• Word error minimization (cont) :
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Summary 

• Almost all CMs in acoustic level fundamentally rely 
almost entirely on a single information source.

• We believe it is critical to improve performance of CMs
by taking this segmentation issue into account.
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