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We propose a novel acoustic model for speech recognition,
named FCD (Frame-based Context Dependent) model. It
can obtain a probability distribution by using a top-down
clustering technique to simultaneously consider the local
frame position in phoneme, phoneme duration, and phoneme
context The model topology is derived from connecting left-
to-right HMM models without self-loop transition for each
phoneme duration.

Fig. 1 shows an example of the phoneme FCD model.

The left white node is the head node of this model, and
the transition probabilities from this to the colored nodes
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Fig.1. An examples of phoneme model by FCD
(/m-itr/)

correspond with the probabilities of the phoneme duration.
The character of each node is “state ID”, which means that
the nodes with same ID are tied. This example clearly shows
that FCD model can change the probability distribution into
a sequence corresponding with one phoneme duration

Because of this characteristic, the FCD model can gen-
erate a smooth trajectory of speech feature vector. Fig.2
shows that the trajectory generated by the FCD model. The
solid line is the first coefficient of the MFCC of the actual
utterance, and the dashed lines are the standard deviation
obtained from the FCD model. The vertical dashed lines
denote the phoneme boundaries. The trajectory of the fifth
section /m-i+r/ was generated from the state sequence “A-
E-H-H-J-L-C-D” by the model as shown in Fig. 1.

We also performed an experiment to evaluate the perfor-
mance of speech recognition for the model. In the experi-
ment, we used 132 questions for frame position, 66 questions
for phoneme duration and 134 questions for phoneme context
were used to train the sub-phoneme FCD model. In order to
compare the performance, left-to-right HMM and two types
of HSMM models with almost same number of states were
also trained. As a result, 18% of relative improvement of
tri-phone accuracy was achieved by the FCD model.
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Fig.2. An trajectory of FCD model
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We propose a novel acoustic model for speech recognition, named FCD (Frame-based Context Dependent)

model. It can obtain a probability distribution by using a top-down clustering technique to simultaneously

consider the local frame position in phoneme, phoneme duration, and phoneme context. The model topology

is derived from connecting left-to-right HMM models without self-loop transition for each phoneme duration.

Because the FCD model can change the probability distribution into a sequence corresponding with one

phoneme duration, it can has the ability to generate a smooth trajectory of speech feature vector. We also

performed an experiment to evaluate the performance of speech recognition for the model. In the experiment,

132 questions for frame position, 66 questions for phoneme duration and 134 questions for phoneme context

were used to train the sub-phoneme FCD model. In order to compare the performance, left-to-right HMM

and two types of HSMM models with almost same number of states were also trained. As a result, 18% of

relative improvement of tri-phone accuracy was achieved by the FCD model.
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Fig. 1. Structure of Frame-based Context Depen-

dent Model
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State sharing for FCD model
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An example of a trajectory generated by FCD model
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Table 2. A number of types of applied questions
for decision tree

| Context | Phoneme ‘ Duration | Frame Position H # of questions

HSMM | 4953(100%) | 0(0%) 0(0%)
FCD 2917(59%) | 193(4%) | 1813(37%)

4953
4923

Table 3. Relationship between the number of
states and the recognition performance on FCD
model

5025
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40655
78.88

# of states
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