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Abstract 

This paper investigates the effects of allophones on the 
performance of Korean speech recognition systems. Along 
with a baseline phone-like unit (PLU) set consisting of 
phonemes, 31 allophone-based PLU sets are designed by 
systematically considering 5 major Korean allophonic 
constraints which can describe all the PLU sets currently used 
for Korean speech recognition systems. Experiments for 
phone, word, and continuous speech recognition are 
performed using the proposed PLU sets. The results show that 
the allophone-based PLU sets improve recognition 
performance compared to using a baseline phoneme-based 
PLU set. The performance improvement is clearly evident in 
phone recognition for isolated speech and in isolated word 
and continuous speech recognition using context independent 
units. As predicted, the performance improvement is less 
evident when context dependent (CD) units are used in the 
experiments, since the allophonic information is internalized 
in the CD units. Finally, the constraint VOICING-LAX is 
observed as playing a positive role compared to other 
constraints that are only partly influential. 
Index Terms: allophone, Korean speech recognition, phone-
like unit (PLU) 

1. Introduction 

Large vocabulary speech recognition systems represent words 
in their pronunciation lexicon with concatenation of subword 
units, called phone-like units or phoneme-like units (PLUs), 
which are used as basic speech recognition units [1][2]. Since 
phonemes and allophones are used to define a PLU set, 
analyzing the effects of allophonic constraints on speech 
recognition accuracy is necessary for better acoustic modeling 
with high discriminative power and low complexity. 

Many studies have focused on the selection of allophones 
for a PLU set in English speech recognition. In general, 
phonemes form a baseline of a PLU set, and then allophones 
are selectively added to the baseline PLU set. For example, 
TIMIT 39 PLU set is a phoneme-based PLU set, and TIMIT 
61 PLU set includes allophones at a broad phonetic level 
[3][4]. 

Currently, various PLU sets are used for Korean speech 
recognition systems [5]. However, it is found that most of 
them include a selection of allophones without sufficient 
phonetic base, resulting in inconsistency and difficulty in 
analyzing the effects of selected allophones on overall speech 
recognition accuracy. As a result, the effects of allophones on 
the performance of Korean speech recognition are rarely 
investigated, whereas previous research [6][7] report the 
usefulness of allophonic information for speech recognition.  

In this paper, 31 PLU sets are designed by systematically 
considering 5 major Korean allophonic constraints, which can 
describe all the PLU sets currently used for Korean speech 
recognition systems. The effects of allophonic constraints are 
investigated through speech recognition experiments based on 

these proposed PLU sets using both a PBW (Phonetically 
Balanced Words) isolated word corpus and a PBS 
(Phonetically Balanced Sentences) continuous speech corpus. 

The remaining part of this paper is organized as follows. 
Section 2 describes the baseline PLU set. In Section 3, 31 
PLU sets are designed by introducing allophonic units based 
on the combination of allophonic constraints. Experimental 
results using these PLU sets are presented in Section 4, which 
is followed by Conclusions. 

2. Baseline PLU set 

The baseline PLU set, shown in Table 1, consists of 42 PLUs 
including 2 units for silence and short pause. This PLU set is 
based on Korean phoneme inventory which is comprised of 
19 consonants (9 stops, 3 fricatives, 3 affricates, 1 liquid, and 
3 nasals), 10 monophthongs, and 11 diphthongs [8]. 

Table 1. Baseline PLU set1. 

Consonants Vowels 

Korean 
orthography 

IPA 
symbol 

PLU 
symbol 

Korean 
orthography 

IPA 
symbol 

PLU 
symbol 

ᄇ /p/ P ᅡ /ɑ/ AA 

ᄈ /p=/ PP ᅥ /ʌ/ AX 

ᄑ /ph/ PH ᅩ /o/ OW 

ᄃ /t/ T ᅮ /u/ UW 

ᄄ /t=/ TT ᅳ /ɯ/ WW 

ᄐ /th/ TH ᅵ /i/ IY 

ᄀ /k/ K ᅢ /ɛ/ EH 

ᄁ /k=/ KK ᅦ /e/ EY 

ᄏ /kh/ KH ᅬ /ø/ OI 

ᄉ /s/ S ᅱ /y/ UI 

ᄊ /s=/ SS ᅣ /jɑ/ JA 

ᄒ /h/ H ᅧ /jʌ/ JX 

ᄌ /ʨ/ Z ᅭ /jo/ JO 

ᄍ /ʨ=/ ZZ ᅲ /ju/ JU 

ᄎ /ʨh/ CH ᅤ /jɛ/ JH 

ᄅ /l/ L ᅨ /je/ JE 

ᄆ /m/ M ᅪ /wɑ/ WA 

ᄂ /n/ N ᅯ /wʌ/ WX 

ᄋ /ŋ/ NX ᅫ /wɛ/ WH 

Others ᅰ /we/ WE 

Silence sil ᅴ /ɰi/ WI 

Short pause Q    

3. PLU set refinements 

To explore the effects of allophones on recognition 
performance, alternate PLU sets are systematically designed 

                                                             
1 In Table 1, IPA symbols follow the IPA chart (revised to 2005) and the 
ExtIPA chart (revised to 1997) notations. The diacritic mark ‘=’ denotes 
Korean tense consonants, which are unaspirated. 
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by adding allophonic units to the baseline PLU set based on 
the following 5 Korean allophonic constraints. 

3.1. Allophonic constraints 

Each phoneme is realized as its allophones in a given context, 
and an allophonic constraint determines the allophonic 
realizations of phonemes. This paper focuses on the following 
5 major constraints, which can describe all the PLU sets 
currently used for Korean speech recognition systems [5][9]2: 

· FLAP: The liquid /l/ is realized as a flap [ɾ] between 

vowels.  

· UNREL-OBS: The stops /p, t, k/ are realized as unreleased 

sounds [p˺, t˺, k˺] in coda position, respectively. 

· UNREL-NAS: The nasals /m, n/ are realized as unreleased 

sounds [m˺, n˺] in coda position, respectively. 

· PAL: Alveolar fricatives /s, s=/, the alveolar nasal /n/ and 

the liquid /l/ are palatalized as [ɕ, ɕ=, ɲ, ʎ], respectively, 

when they precede a vowel /i/ or a semivowel /j/. 

· VOICING-LAX: The lax obstruents /p, t, k, ʨ, h/ are 

realized as voiced sounds [b, d, ɡ, ʥ, ɦ] between 

sonorants, respectively. 

3.2. Refined allophone-based PLU sets 

Allophonic units are selectively added to the baseline PLU set 
based on the combination of the 5 allophonic constraints 
described above. Table 2 shows the allophonic units, which 
are to be added to the baseline PLU set. 

Table 2. Allophones derived by allophonic constraints 

Allophonic 
constraints 

Allophones 

 
Korean 

orthography 
IPA 

Symbol 
PLU 

symbol 

FLAP ᄅ [ɾ] R 

UNREL-OBS 

ᄇ [p˺] PQ 

ᄃ [t˺] TQ 

ᄀ [k˺] KQ 

UNREL-NAS 
ᄆ [m˺] MM 

ᄂ [n˺] NN 

PAL 

ᄉ [ɕ] SY 

ᄊ [ɕ=] SSY 

ᄅ [ʎ] LY 

ᄂ [ɲ] NY 

VOICING-LAX 

ᄇ [b] B 

ᄃ [d] D 

ᄀ [ɡ] G 

ᄌ [ʥ] ZH 

ᄒ [ɦ] HI 

 
These refined units in Table 2 are used to model 

allophonic realizations in different phonetic contexts. Figure 1 
shows an example of the use of these units in transcription. 

 
                                                             
2 According to the study on the frequency of allophones from a narrowly 
transcribed corpus [10], 85.75% of allophonic variations are covered by 
the five major constraints. Other constraints which are not considered in 
this paper include vowel lengthening (1.65%), labialization (6.43%), 

palatalization (except for /s, s=, n, l/) (2.62%), and labiopalatalization 

(1.56%). 

Korean 
orthography 

안녕 시라가 인사했다. 
(Hi. Sira said hello.) 

Baseline transcription 
using phonemes 

AA N N JX NX S IY L AA K AA IY 
N S AA H EH T TT AA 

Refined transcription 
using allophones 

AA NN NY JX NX SY IY R AA G AA 
IY NN S AA HI EH TQ TT AA 

Figure 1: An example of transcription using refined 
PLUs including allophones. 

With these refined units, all possible 31 PLU sets are 
designed based on the 5 allophonic constraints. Table 3 shows 
the PLU sets with the considered allophonic constraint(s). 

Table 3. Refined allophone-based PLU sets based on 
the 5 major Korean allophonic constraints. The label 
of each allophonic constraint is abbreviated as 
follows; F (FLAP), O (UNREL-OBS), N (UNREL-NAS), P 

(PAL), V (VOICING-LAX). 

PLU set 
Corresponding 

allophonic 
constraint(s) 

Number 
of 

PLUs 

Baseline Phoneme 42 

1 +F 43 

2 +O 45 
3 +N 44 

4 +P 46 

5 +V 47 
6 +F+O 46 

7 +F+N 45 

8 +F+P 47 
9 +F+V 48 

10 +O+N 47 

11 +O+P 49 
12 +O+V 50 

13 +N+P 48 

14 +N+V 49 
15 +P+V 51 

16 +F+O+N 48 

17 +F+O+P 50 
18 +F+O+V 51 

19 +F+N+P 49 

20 +F+N+V 50 
21 +F+P+V 52 

22 +O+N+P 51 

23 +O+N+V 52 
24 +O+P+V 54 

25 +N+P+V 53 

26 +F+O+N+P 52 
27 +F+O+N+V 53 

28 +F+O+P+V 55 

29 +F+N+P+V 54 
30 +O+N+P+V 56 

31 All  57 

4. Experiments 

Speech recognition experiments are performed in three 
different environments, phone recognition, isolated word 
recognition, and continuous speech recognition, using the 
Hidden Markov Model Toolkit (HTK) version 3.3 [11].  

4.1. Experimental setup 

All experimental setups are unchanged except for the PLU set 
and its corresponding dictionary in all recognition 
experiments. 

Two different corpora are used in the experiments for 
exploring the effects of PLU sets on different recognition 
conditions. One is a PBW corpus of 452 Korean words 
uttered in isolation by 134 native Korean speakers. This 
database is split into 54,240 utterances for the training data 
and 6,328 utterances for the test data. The other corpus is a 
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continuous speech database of 44,616 sentences read by 450 
native Korean speakers. The training data consists of 43,000 
sentences uttered by 430 different speakers. A speaker-
disjoint set of 1,616 sentences uttered by 20 speakers is set 
aside for the test data. The statistics of the corpora used in the 
experiments are shown in Table 4. 

Table 4. Statistics of the corpora used in experiments. 

 Isolated speech 
Continuous 

speech 

Training 

Sentences - 43,000 
Total words 54,240 843,628 

Unique words  452 35,868 

Phones 371,520 2,826,700 

Test 

Sentences - 1,616 

Total words 6,328 31,301 

Unique words  452 6,216 
Phones 43,344 107,673 

 

Each PLU is modeled as an HMM (Hidden Markov 
Model) with a three state left-to-right topology, except for the 
short pause unit which has only one state, and 12 Gaussian 
mixtures are used for the output probability density of an 
HMM. Each PLU set is used to build its corresponding 
dictionary. All transcriptions are automatically generated 
from G2P (Grapheme-to-Phoneme) converter [12], and edited 
by a labeler with phonetic knowledge, if needed. A back-off 
bigram language model is generated from the training data. 

4.2. Performance measures 

The effects of allophonic constraints are assessed using phone 
error rate (PER) for phone recognition experiments and word 
error rate (WER) for both isolated word and continuous 
speech recognition experiments. The performance compared 
to the baseline result is described using the absolute 
difference measure and the relative difference measure [13]: 

· %abs = WERbaseline-WERcomparison 

· %rel = 100*( WERbaseline-WERcomparison) / WERbaseline 

In phone recognition experiments, PER is used rather than 
WER for the difference measures. 

4.3. Experimental results 

For isolated word and continuous speech recognition 
experiments, monophones are used as context independent 
(CI) units, and triphones are used as context dependent (CD) 
units. 

Experimental results using the baseline PLU set are 
presented in Table 5 as a baseline performance. 

Table 5. Baseline performance. 

Figure 2 shows the experimental results of phone 
recognition, isolated word recognition, and continuous speech 
recognition, using the absolute difference measure. 

As shown in Figure 2A, an overall improvement results 
from phone recognition with isolated speech. Compared to the 
baseline, performance is improved in 27 out 31 allophone-
based PLU sets and degraded in 4 sets. The average absolute 
reduction in PER of all PLU sets is 0.73%. The lowest PER 
37.01% results from using the PLU set #29, where 4.59% 
relative reduction in PER is obtained compared to the baseline 
PLU set. According to these results, the sets in which more 
constraints are considered tend to outperform the sets with 
lesser constraints considered. The constraints VOICING-LAX 
and UNREL-NAS are likely to influence the improvement in a 
positive way, as they occur in the first five sets with 
improvement (#29, #31, #20, #30, #25). However, the 
constraint UNREL-OBS is observed in the sets with degradation 
or little improvement (#2, #6, #10, #17), which can be 
interpreted as the constraint UNREL-OBS having played a 
negative role in this environment. 

The performance improvement of phone recognition with 
continuous speech is less obvious compared to the 
performance with isolated speech. The degradation in PER 
with continuous speech is 0.20% on average using the 
proposed 31 PLU sets. The PLU set #22 shows the lowest 
PER of 34.78%, which is a relative improvement in PER by 
0.23% compared to the baseline. 

Figure 2B presents the results of isolated word 
recognition. The performance is significantly improved in 
isolated word recognition using CI units. The average 
absolute reduction in WER is 1.38%. Using the PLU set #27, 
the largest reduction in WER is obtained by 4.17%, which 
corresponds to the relative reduction of 18.12%. Here again, 
the constraint VOICING-LAX is observed as playing a positive 
role in the occurrence of the constraint in sets #27, #30, #31, 
#23, and #18, whereas the two constraints UNREL-OBS and 
PAL occurring in the sets with little improvement (#4, #6, #11, 
#2, #8). When CD units are used in isolated word experiments, 
no apparent improvement is observed. Only a slight 
improvement is obtained with the PLU set #7, which produces 
a WER reduction of 0.01%, which is a 1.92% relative 
reduction. 

The results of continuous speech recognition are 
presented in Figure 2C. The effects of using the proposed 
PLU sets are significant in continuous speech recognition, 
especially, when CI units are used. The average absolute 
reduction in WER is 2.88%. The best improvement is 
achieved with PLU set #31, showing WER 38.00%, and 
13.36% relative reduction in WER. The constraint which is 
observed to play a positive role in this environment is also 
VOICING-LAX, occurring in the sets #31, #27, #30, #28, #29, 
and no specific constraint seems to play a negative role here. 
The performance of continuous speech recognition using CD 
units is less affected by PLU sets than CI units. The average 
absolute reduction is 0.23%. The best results are obtained 
with PLU set #28, showing a WER of 20.41% and a relative 
reduction of 1.89%. 

Note that there are two sets which show no increasing 
WER in all six environments: PLU set #7 and #19. The PLU 
set #7 includes the flap and the unreleased nasals as presented 
in Table 2, and, in additions to these allophones, the PLU set 
#19 comprises 4 palatalized consonants. 

Experiment Used corpus 
PER 
(%) 

WER 
(%) 

Phone recognition 
Isolated speech 37.79 - 

Continuous speech 34.86 - 

Isolated word 
recognition 

CI Isolated speech - 23.01 

CD Isolated speech - 0.52 

Continuous 
speech 

recognition 

CI Continuous speech - 43.86 

CD Continuous speech - 21.24 
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Figure 2: Experimental results using the proposed PLU sets. Figure A, B and C shows the results of phone recognition, 
isolated word recognition, and continuous speech recognition, respectively. The best result in each experiment is marked 

with ‘*’ star. A negative absolute difference represents an improved accuracy compared to the baseline performance. 

5. Conclusions 

This paper examines how allophones affect the performance of 
Korean speech recognition systems. Starting from a baseline 
phoneme-based PLU set, 31 allophone-based PLU sets are 
systematically designed by considering 5 major Korean 
allophonic constraints. Experiments with these PLU sets are 
performed on various environments including phone, word, and 
continuous read speech. The results show that allophone-based 
PLU sets improve recognition performance compared to using 
the baseline phoneme-based PLU set. The performance 
improvement is less evident when context dependent (CD) 
units are used in the experiments, since the allophonic 
information is internalized in the CD units. Given that there is a 
significant improvement in recognition performance when 
using context independent (CI) units, our experimental results 
are expected to be of special use for embedded systems which 
use CI units or diphones due to resource limitation. Moreover, 
the most prominent and constant improvement is obtained in 
all 6 different environments when using the two PLU sets: the 
one including 3 allophones such as flap and the unreleased 
nasals, and the other formed by adding 4 palatalized 
consonants to the former. Finally, the constraint playing a 
major role in improving the performance is VOICING-LAX 

compared to other constraints that are only partly effective. In 
our future research, phonetic characteristics of spontaneous 
speech and their effects will be investigated. 

6. Acknowledgements 

This work was done as a part of the project, titled by 
‘Development of Portable Korean-English Automatic Speech 
Translation Technology,’ which is supported by the Ministry of 
Knowledge Economy, Korea. 

7. References 

[1] Lee, C.-H., Rabiner, L.R., Pieraccini, R. and Wilpon, J. G., 
“Acoustic modeling of subword units for speech recognition,” in 
Proc. IEEE International Conference on Acoustics, Speech, and 
Signal Processing ’90, pp. 721-724, 1984. 

[2] Lee, C.-H., Rabiner, L.R., Pieraccini, R. and Wilpon, J.G., 
“Acoustic modeling for large vocabulary speech recognition,” 
Computer Speech and Language, 4(2), pp.127-165, 1990. 

[3] Garofolo, J.S., Lamel, L.F., Fisher, W.M., Fiscus, J.G., Pallett, 
D.S. and Dahlgren, N.L., “The DARPA TIMIT acoustic-phonetic 
continuous speech corpus CDROM,” NTIS order number PB91-
100354, 1990. 

[4] Lee, K.F. and Hon, H.W., “Speaker-independent phone 
recognition using hidden Markov models,” IEEE Transactions on 
Acoustics, Speech, and Signal Processing, Vol.37, No.11, 
pp.1641-1648, 1989. 

[5] Kim, S. and Lee, Y., “Standardization of common speech 
database,” in Proc. Korean Speech Communication and Signal 
Processing Workshop, pp.181-184, 2003. (in Korean) 

[6] Chen, F. and Zue, V., “Application of allophonic and lexical 
constraints in continuous digit recognition,” in Proc. IEEE 
International Conference on Acoustics, Speech, and Signal 
Processing’84, pp.9-12, 1984.  

[7] Tang, M., Large Vocabulary Continuous Speech Recognition 
Using Linguistic Features and Constraints, Ph.D. Thesis 
Department of Electrical Engineering and Computer Science, 
Massachusetts Institute of Technology, 2005. 

[8] Lee, H.Y., Korean Phonetics, Seoul: Taehaksa, 1996. (in Korean) 
[9] Hong, H., Kim, S. and Chung, M., “A phonetics based design of 

PLU sets for Korean speech recognition,” Malsori, Vol.65, 
pp.105-124, 2008. (in Korean) 

[10] Lee, S.-O., “A comparative study on the frequency of allophones, 
phonemes and letters in Korean,” Speech Sciences, Vol.8, No.3. 
pp.51-73, 2001. (in Korean) 

[11] Young, S.J., Evermann, G., Gales, M., Hain, T., Kershaw, D., 
Moore, G., Odell, J., Ollason, D., Povey, D., Valtchev, V. and 
Woodland, P.C., The HTK Book (for HTK Version 3.3), 
University of Cambridge, 2004. 

[12] Lee, K.N. and Chung, M. “Morpheme-based modeling of 
pronunciation variation for large vocabulary continuous speech 
recognition in Korean,” IEICE Transactions on Information and 
Systems, Vol.90, No.7, pp.1063-1072, 2007. 

[13] Strik, H. and Cucchiarini, C., “Modeling pronunciation variation 
for ASR: A survey of the literature,” Speech Communication, 
Vol.29, pp.225-246, 1999. 

-2.00

-1.00

0.00

1.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

ab
so

lu
te

 d
if

fe
re

n
ce

 (
%

)

with isolated speech (a)

with continuous speech (b)

-6.00

-4.00

-2.00

0.00

2.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

ab
so

lu
te

 d
if

fe
re

n
ce

 (
%

)

using CI units (c)

using CD units (d)

-6.00

-4.00

-2.00

0.00

2.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

ab
so

lu
te

 d
if

fe
re

n
ce

 (
%

)

using CI units (e)

using CD units (f)

A. Phone recognition 

B. Isolated word recognition 

C. Continuous speech recognition 

2413


