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1. INTRODUCTION

In automatic speech recognition the transition from a context-independent to a con-
text-dependent modelling system almost inevitably results in an increase in the
number of models to be trained. As a consequence of this, the amount of training
data afforded to each model can become grossly inadequate. This trade off between
model specificity and model trainability has been the subject of much research for a
number of years [2,3,4]). One trend in this research has been to develop context-
dependent HMM sub-word unit systems which compensate for the lack of allophone
training data by tying the parameters of each group of allophones, associated with
the same monophone, to a separate pool [5,6]). Systems which keep the number of
shared model parameters constant across groups of tied allophones fail to address
two important aspects of the training problem. Firstly there is typically a large vari-
ance in the distribution of the amount of training data across the allophone groups
and secondly the variability of sounds to be modelled within each group is different.

The approach presented in our paper extracts information from the training data,
prior to model generation, and uses it to select the number of parameters shared by
each group of models.

The remainder of this paper is organised as follows. In Section 2 the method used to
gelect model topology is outlined. The contruction of the context-independent models
used as seed models for the tied parameter systems is described in Section 3. Section
4 details the algorithms used to generate the three types of tied parameter system
investigated. The algorithm used to synthesise triphone models from biphone models
is presented in Section 5. Both the evaluation database and signal parameterisation
are described in Section 6. Following this, Section 7 outlines the experiments per-
formed to evaluate these systems. Finally a discussion of the relative merits of each
system and some conclusions are included in Section 8.

2. MODEL TOPOLOGY SELECTION

Our approach aims to link the number of parameters shared by each group of models
to the trainability of that model group and also to the variability within the group.
As a measure of trainability we use the number of training tokens available for the
aliophone group and we define variability as the number of different triphone con-

texts present within the group. In this set of experiments we have chosen to vary the
parameter pool size according to the Equation 1.

Proc..O.A. Vol 16 Part 5 (1954) 335




Proceedings of the Institute of Acoustics

VARIABLE POOL SIZE, TIED PARAMETER SYSTEMS

S = FKJIT"me ~ Equation 1

S - Parameter pool size for allophone group m.

F - Constant which is used to control the total number of parameters.

T - Number of training tokens associated with allophone group m.

V - Number of triphone contexts present in group m (measure of variability within
group).

Thiz equation has been applied to three different types of tied parameter system.

The task used to evaluate the performance of this technique was the speaker-inde-

pendent recognition of examples of 697 different surnames collected over the UK
telephone network.

3. CONTEXT INDEPENDENT SEED MODELS

Sets of context-independent models were required as seed models for the tied param-
eter systems and also to provide baseline context-independent performance levels.
The context independent symbol set used for this work comprised 44 vocabulary
symbols and one noise symbol. Two main systems were created based on this symbol
set. The first was a 3 state 12 mode system containing 1584 modes in total. The see-
ond system was a 3 state variable mode system also with a total of 1554 modes. This
system was created by applying Equation 1 during the allocation of modes to each
state of each context-independent unit. In this case each context-independent unit is
treated as an allophone group. The performance of these systems is presented in
Table 1, Section 7.1.

4. TIED PARAMETER SYSTEMS

The following sections describe the three types of tied parameter system investi-
gated in this work.

4.1 Clustered State System (CSS)

In this system the corresponding states of all the allophones derived from the same
monophone are shared in common pools. The application of Equation 1 to this sys-
tem results in a variation in the size of the shared state pool from one allophone
group to the next. Every state in the system has a fixed number of modes. This
arrangement is similar to the one presented in (5] although the methods employed to
control the number of parameters in each cluster are different.

Figure 1 shows the arrangement for a single allophone group with 1 mode per state
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where the number of corresponding states has been reduced from 3 to 2 by the state
clustering process.

Pool for Pool for Pool for
\ state 1  state?  stated j

Figure 1: Clustered State System

4.2 Shared Mode System (SMS)

In this system the corresponding states of all the allophones, derived from the same
monophone, share a common pool of modes. The application of Equation 1 to this
system results in a variation in the size of the shared mode pool from one allophone
group to the next.

Figure 2 shows the arrangement for a single allophene group where the correspond-

ing states in each allophone share a pool of three modes. Allophones within a group
differ only in their mode weights. :

Figure 2: Shared Mode System

It is interesting to compare this system to a context-independent system. The allo-
phones in the shared mode system are simply separate sets of mode weights, acting
on a common pool of modes. In terms of the shared mode system the context-inde-
pendent system can be viewed as a single allophone with one set of mode weights
acting on the same modes.
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4.3 Shared Mode & Clustered State System (SM&CSS)

This system can be thought of as a combination of the two described previously. All
the allophones derived from the same monophone share a common pool of modes and
a common pool of states for corresponding states.

Figure 3 shows the arrangement for a single allophone group where the number of
corresponding states has been reduced from 3 to 2 by the state clustering process,
and the states in each pool share a pool of three modes. Comparing Figure 3 to Fig-
ure 2 one can see that the two systems are essentially the same except that the
shared mode and clustered state system has fewer sets of mode weights. State clus-
tering applied to a shared mode system effectively results in the clustering and shar-
ing of sets of mode weights whilst the modes themselves remain unaltered.

Pool for Pool for Pool for
Qme 1 state 2 state 3

Figure 3: Shared Mode & Clustered State System

5. TRIPHONE CONSTRUCTION

The recognition network for this task contains 2210 different triphones. Of these
23% oceur 3 or fewer times in the training corpus and only 14% have 50 or more
occurrences. For this reason it was decided that for each experiment two shared
parameter systems would be constructed, one for left biphones and one for right
biphones. Following the re-estimation of both shared parameter systems the tri-
phones required for recognition are synthesised from the two biphone systems (1].

6. DATABASE

The training corpus used for these experiments consisted of 13448 examples of iso-
lated spoken surnames collected over the UK telephone network from several hun-
dred callers spread throughout the country. The test data was a separate set
comprising 494 examples of spoken surnames collected in the same manner from a
different, set of talkers. The utterances in the training set were automatically seg-
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mented using phoneme models trained on the Subscriber database [8]. There were in
total 697 different surnames in the recognition network. Some of the surnames had
multiple proncunciation transcriptions resulting in a network size of 1000. The 95%
confidence interval for this task is £ 4.3% based on an assumed error rate of 58%.

7. EXPERIMENTS

In order to be able to compare each of the shared parameter systems the total
number of modes in each system was kept constant and equal to the number of
modes in the context-independent systems described in Section 3. Although the
number of modes is kept constant the number of mode-weights, and therefore the
total number of parameters, varies from system to system.

All the recognition times quoted are relative to the recognition time for the standard
fixed mode context-independent system shown in row 1 of Table 1. The timing infor-
mation was acquired by applying the UNIX command time to each run of the HTK
recognition tool HVite,

All vocabulary models are 3 state left to right with no skips. A single state 6 mode
noise model was used throughout.

7.1 Context Independent Experiments

For comparison with the context-dependent systems Table 1 shows the results
achieved by a 3 state 12 mode context-independent system (CI-FIX) and also those
achieved by a 3 state variable mode context-independent system (CI-VAR) contain-
ing the same total number of modes.

Table 1: Context-Independent,results

Percentage Recognition
Model Type Accuracy Time
CI-FIX 547 1.0
CI-VAR 56.3 08

7.2 CS8S5 Experiments

A set of single mode and a set of four mode, context-independent models were gener-
ated. Using these context-independent models as seed models two separate context-
dependent, clustered state model sets were created.

Using the single mode context-independent models as seed models a separate CSS
was generated for left and right biphones. The final number of clustered states is set
such that the total number of modes in the system is 1584 (CSS-1M).
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Using the four mode context-independent models as seed models & separate CSS was
generated for left and right biphones. The final number of clustered states was set to
one quarter that in the CSS-1M such that again the total number of modes in the
system is 1584 (CSS-4M).

The C88s generated were then given one iteration of embedded re-estimation. The
triphones required for recognition were synthesised from the two biphone CSSs.

The results for sets 1&2 are shown in Table 2
Table 2: CSS results

Model Set | Fercentage | Recognition
Accuracy Time

CSS-IM 58.5 12

CSS-4M 534 13

7.3. SMS Experiments

A set of variable mode and a set of fixed mode, context-independent models contain-
ing 1584 modes in total were generated. Using these context-independent models as
seed models two separate context-dependent, shared mode model sets were created.

Using the fixed mode context-independent models as seed models a separate SMS
was generated for left and right biphones. This results in a SMS where each pool of
shared modes is the same size, in this case 12 (SMS-FIX).

Using the variable mode context-independent models as seed models a separate SMS
was generated for left and right biphones. This results in a SMS where the pools of
shared modes are of different sizes (SMS-VAR).

The SMSs generated were then given one iteration of embedded re-estimation. The
triphones required for recognition were synthesised from the two biphone SMSs.

The results for sets 1&2 are shown in Table 3.
Table 3: SMS results

340

Model Set Percentage Recogmlion
Accuracy Time

SMS-FIX 58.5 28

SMS-VAR 60.9 32
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7.4 SM&CSS Experiments

A get of variable mode, context-independent models containing 1584 modes in total
were generated. Using these context-independent models as seed models three sepa-
rate context-dependent, shared mode & clustered state model sets were created for
left and right biphones. ‘

The number of states in the first system was clustered to 3/4 the original number
(SM&CS53/4), in the second system to 1/2 (SM&CS51/2) and in the third to 1/4
SM&CSS1/4).

The SM&CSSs generated were then given one iteration of embedded re-estimation.
The triphones required for recognition were synthesised from the two biphone
SM&CSSs.

The results for systems 1,2&3 are shown in Table 4.
Table 4: SM&CSS results

s Pércentage Recognition
et :
Accuracy Time
SM&CSS3/4 61.3 1.8
SM&CSS1/2 59.7 1.7
SM&CSS1/4 585 1.5

8. CONCLUSIONS

There are clear advantages in terms of accuracy to gained from modelling contextual
variation within sounds. Further gains in accuracy are made when this technique is
coupled with a modelling structure which reflects the amount of training data avail-
able and the variability within the sounds to be modelled. This work also demon-
strates that it is possible to produce significant accuracy improvements without the
dramatic computational overhead normally incurred with context-dependent model-
ling.

Compared against standard fixed mode, context-independent modelling the three
shared parameter systems investigated produced differing performance in terms of
both recognition accuracy and computational efficiency.

Clustered state systems produced a gain of 3.8% (from 54.7% to 58.5%) with a
corresponding rise by a factor of 1.2 in recognition processing time. This accu-
racy increase may not be statistically significant.

Shared mode systems were found to give significant gains in terms of recogni-
tion accuracy at the cost of increased computation at recognition time. Recogni-
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tion accuracy rises by 6.2% (from 54.7% to 60.9%) with a corresponding rise of
by a factor of 3.2 in recognition processing time.

Shared mode, clustered state systems succeed in dramatically reducing the
computational overhead of the shared mode systems whilst maintaining the
accuracy gains achieved. Recognition accuracy rises by 6.6% (from 54.7% to
61.3%) with a corresponding rise by a factor of 1.8 in recognition processing
time.

Taking both recognition accuracy and processing time into consideration it
would appear that the Shared Mode, Clustered State system provides the best
overal] performance.

A lack of training data and medel inflexibility are two of the limiting factors in deter-
mining how well the contextual variations within a phoneme can be modelled. This
work has shown that variable pool size, shared parameter systems provide increased
model flexibility, allowing the models to make more efficient use of the limited train-
ing data available.
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