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ABSTRACT

This paper presents a multi-strategic and hybrid approach
for large-scale integrated speech and natural language pro-
cessing, employing connectionist, statistical and symbolic
techniques. The developed spoken Korean processing engine
(SKOPE) integrates connectionist TDNN-based phoneme
recognition technique with statistical Viterbi-based lexical
decoding and symbolic morphological/phonological analysis
techniques. The modular large-scale TDNNs are organized
to recognize all 41 Korean phonemes using 10 component
networks combined through 3 glue networks. In performance
phase, continuously shifted TDNN outputs are integrated
with HMM-based Viterbi decoding using a tree-structured
lexicon. The Viterbi beam search is integrated with Korean
morphotactics and phonological modeling, and produces a
morpheme-graph for high-level parsing module. Currently,
SKOPE shows average 76.2% phoneme spotting performance
for all 41 Korean phonemes (including silence) from contin-
uous speech signals and exhibits average 92.6% morpheme
spotting performance from erroneous TDNN outputs after
morphological analysis. Other extensive experiments verify
that the multi-strategic approaches are promising for com-
plex integrated speech and natural language processing, and
the approaches can be extended to other morphologically-
complex agglutinative languages such as Japanese.

1. Introduction

This paper presents a statistical and symbolic hybrid tech-
nique for speech and natural language integration on top
of connectionist phoneme recognition. Recent researches
on connectionist speech recognition [2] and statistical lan-
guage processing [1] can complement standard HMM (hid-
den markov model) approaches and conventional symbolic
approaches in speech and natural language processing. Inte-
grated speech and language processing techniques need not
depend on the characteristics of speci�c languages, but it is
inevitable that the techniques also get some inuences from
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target languages. Our speech and language integration ef-
forts focus on a class of languages called agglutinative lan-
guages, especially on Korean. In these languages, a word
consists of clearly separable morphemes, usually single free-
morpheme and several functional-morphemes, and the func-
tional morphemes play important roles in a grammar. For
these agglutinative languages, we need a morphologically-
conditioned integration technique between speech and nat-
ural language. The language processing should begin with
the morphological level, not with the syntactic level, and the
speech recognition must generate morphemes, not words, as
interface units. In this regard, our speech and natural lan-
guage integration technique, called V-morph (Viterbi mor-
phological analysis), fully considers the characteristics of ag-
glutinative languages.

2. TDNN-based continuous phoneme

recognition

For large-vocabulary continuous speech recognition, we se-
lected all 41 Korean phonemes for direct recognition tar-
gets1. All 41 Korean phonemes are divided into consonant
and vowel groups, and each group is divided again according
to their acoustic-phonetic characteristics. For example, each
consonant group is divided into 6 classes according to the
co-articulation manners, and each vowel group into 4 classes
according to the formant characteristics. For each phoneme
class, we develop a separate TDNN (time-delayed neural net-
work) [5] to recognize the 3 or 4 phonemes in the class, so
altogether we need 10 TDNNs for the whole phoneme recog-
nition in Korean. These 10 TDNNs are used together with 3
other glue networks, each for di�erentiating consonants from
vowels, and for selecting the class in the consonant group and
the class in the vowel group. The total 13 TDNNs form a
large-phonemic TDNN [3, 6] by adding one more extra layer
before the output layer. Figure 1 shows a structure of the
large-phonemic TDNN for all 41 Korean phoneme recogni-
tion.

140 phonemes plus one silence symbol








