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Abstract – In this paper we present an
approach to incorporation of syntactic postprocessing of the results of an existing
Northern Sotho automatic speech recognizer
(ASR) based on hidden Markov models
(HMMs) to improve its performance. We limit
our recognition system to a vocabulary used
within consulting sessions in health care
systems application areas. The use of welltrained and domain specific spoken language
interface systems will hopefully be more userfriendly, than using traditional text-based
data entry methods.
1.

Introduction

Speech is the most natural means of
communication between humans and it can be
done without any “tools” or explicit education,
hence the need to build and improve automatic
speech recognition systems in general. An ASR
is defined as the technology that allows users of
information systems to speak entries rather than
punching numbers on keypads [1]. In the past
decade, tremendous advances in the-state-of-art
of ASR by computers have taken place. A
reduction in word error rate (WER) by a factor of
5 and an increase in recognition speeds by
several orders of magnitude (brought about by a
combination of faster recognition search
algorithms and more “powerful” computers),
have combined to make high-accuracy, speakerindependent, continuous speech recognition for
large vocabularies possible in real time [7]. The
existing Northern Sotho ASR was a very general
baseline system which was advanced with
language modeling (LM) to improve its
recognition rate. In this project we further seek to
enhance the baseline system with N-best
syntactic post-processing. These enhanced
technological advances promise to make the

speech recognition technology readily available
to the applications used by the general public.
2.

Background on ASR improvement

Bhanuprasad et al. [2] propose a new metric for
evaluating ASR performance for inflectional
language: inflectional word error rate (IWER),
which takes into account whether the incorrectly
recognized word corresponds to the lexicon
lemma or not. After applying the errgram
correction method the WER was decreased from
45.2 % to 40.4 % and the IWER from 41.6 % to
39.5 % with respect to the baseline performance
[2]. The drawback for this method was that
when applying ASR to inflected languages such
as Telegu (Dravidian language) we need to use a
very large vocabulary to avoid out-of-vocabulary
acceptance level [2]. The other problem with this
method of error reduction is performing
appropriate confidence measuring as confidence
measures need to be interpreted in order to know
whether a word is probably recognized correct or
incorrect.
The ASR results obtained in [5] represent those
that we seek to improve in this project. Table 2.1
shows the results obtained with the speakers
“training” the recognizer and Table 2.2 shows
the results obtained with new speakers. Both
results have been obtained through the
implementation of a robust language modeling.
Training speakers
Model
Accuracy Baseline
Bigram
Trigram
75.8 %
79.8 %
Sentence 51.1 %
84.4 %
91.1 %
94.1 %
Word
Table 2.1
New speakers
Model
Accuracy Baseline
Bigram
Trigram
47.5 %
59.6 %
Sentence 14 %
62.3 %
80.4 %
84.4 %
Word

Table 2.2
In this project we are looking at bettering the
above tabulated results. We apply syntactic Nbest post processing. The aim of the postprocessing procedure is to recover errors made
by the HMM based ASR system. The basic
notion of the N-best paradigm is that, while we
must ultimately use all knowledge sources (KSs)
to improve recognition, the sources vary greatly
in terms of perplexity reduction and required
complexity [10]. In N-best hypothesis, as long as
the correct candidate is among the N-best
candidates, the N-best search paradigm finally
will find the correct candidate as the search
include
all
the
knowledge
sources
simultaneously [8]. Below is a sketch of the Nbest paradigm adapted from [10]
KS1
KS2
Statistical Grammar
Full Natural Language
Syntax
Processing
Statistical Grammar + Semantics, etc
Syntax
Higher-Order
1st Order Statistical
Statistical
…
…
Table 2.3
Table 2.3 shows what is contained in knowledge
sources 1 and 2. The knowledge sources are used
in Fig 2.1(N-best paradigm). In the N-best
paradigm, the most efficient knowledge sources,
KS1 are used to find N best sentences. The
remaining knowledge sources, KS2 are used to
reorder the sentences and pick the most likely
one.
KS1

N-Best

KS2

Choice

Reorder
List

Input

defining a closed set of words which the system
will recognize. Any other words will be
considered out-of-vocabulary and thus not
recognized.
4. Concluding remarks and future work
We looked at several approaches to improving
ASR performance. We selected the N-best
candidate post-processing method for our
particular case as the approach to improve the
results of the target ASR system. Future work for
this project involves expanding the domain
vocabulary to support and achieve more robust
ASR results.
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Fig 2.1
3.

Data collection and construction of
the recognizer

The speech data used for the training and testing
of the ASR engine is from [5, 6]. The hidden
Markov model toolkit (HTK) was used to
construct the recognizer. The first steps were
concerned with the construction of the task
grammar and dictionary with the purpose of
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