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Abstract

Transformer models have shown remarkable performance in extracting meaningful information from sequential input data
such as text and images, and are gaining attention as end-to-end models for speech recognition. This study compared the
performances of the Transformer speech recognition model and its enhanced versions, the Conformer and E-Branchformer,
when applied to Korean speech recognition. Using Korean speech data from AIHub, we prepared a training set of
approximately 7,500 hours and evaluated the models using the ESPnet toolkit. Additionally, we compared syllables and
subwords as recognition units and analyzed the performance differences with changes in the number of tokens using Byte Pair
Encoding. The results showed that the E-Branchformer achieved the best performance in Korean speech recognition and
Conformer outperformed Transformer but degraded in performance for long utterances owing to cross-attention alignment
errors. We aimed to determine the optimal settings by analyzing the performance changes with subword token adjustments.
This study comprehensively evaluated model accuracy and processing speed to maximize the efficiency of Korean speech
recognition. This is expected to contribute to the training of large-scale Korean speech recognition models and improve
Conformer recognition errors. Future research should include additional experiments with diverse Korean speech datasets and
enhance the recognition performance through structural improvements in the Conformer.
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Table 1. Average utterance length by dataset (sec.)

Dataset Average length
fleurs-ko 12.58 (£3.70)

kmsav 6.59 (£5.16)
evalclean 3.17 (£2.86)
evalother 4.56 (£3.56)
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Table 2. Model parameters of the Transformer (T), Conformer (C), and

WX (B2

E-Branchformer (E) used in the experiment

Parameter Model Value
Num of blocks 12
Attention head 8
Attention dim T,C,E 512
Input layer type Conv2d
FFN dim 20438
Positional encoding type T Absol.ute
C,E Relative
. T Global
Self-attention type C.E Relative
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Table 3. Model sizes of the Transformer (T), Conformer (C), and

E-Branchformer (E) used in the experiment

Model Model size (MB) | Number of parameters (M)
Transformer (T) 29291 73.23
Conformer (C) 445.13 111.28
E-Branchformer (E) 448.4 112.10

7 mae) g8 vla #Ae) A15t] of el B Helel g

7Fell ARG8T, Fleurs H|OTEI AL 2ol 4] Z 7l 5t vlo] ¥

lo,

o

80 Changhan Oh et al. / Phonetics and Speech Sciences Vol.16 No.3 (2024) 79-86



o= E}:’LOJ 412 F7tel] de] AFSEH, # ATl =
sto] 54 HFEUES AFE(fleurs-ko)dF3 TH(Conneau et al.,
2023) kmsav B0 E] Al g0 Youtube BIOJE] el A 43
o HlolEle R bR F3E oo FrHAS A

S Th(Park et al., 2024). evalclean %! evalother+= KsponSpeech
dlo]E| Al 5 3 7}e|o]E] o] ™ KsponSpeech= 1,0004] 7t w-52]
gharo] HIg e AHrdiEl S/3dlolEl 2, &4 Hlo]E el AR
¥ dlo]E Ale]thBang et al., 2020). 2t Hlo]E{Ale] W3 3t
Z10]= ¥ o] BAEITE walzlo) s Tuky SAlQlAlY] e
A 5 E°ﬂ FEFE A A= QAo R, vk Hol g
= H7HSE A7 8kl th 53] kmsav Hlo]E Al
= fleurs-ko HIOTEJ AR TE AR, Zo] o] A4k

™ 30% ool Wt 65kt E e of Qlom, 7 31
Sh=35.84% 0] Deitt.

7l 23R A gRALel= gk, Ao, etk o2l 7%
=o| F3tEolglon, £ #5.0] gl B7Hlviet 3
o] 77} Aolatqith whabA] i Ao e Q14 AeS F7et
o] ekt 1A ATl A B 218) v A
”47}% T B3 At w5
1= A, =2 FelE A EE A% Ak ol 3l
tEHlolEe] el et A EE Ao

AF3E A7) f8iM= 7] AAE B

A SFCH(Choi et al., 2024). & A3 of| A= o] 2}
Pl W e FE= HEL AAE glo] IuE 3

Ir

Hoogt nﬁ _1> _i°(‘ 1>

)
T

4.1. 15T Edel i Q14 A
S A3 oF 7,50041319] o HolH AlE o] 83k 7}
velg FA5T BHE o8] Brlaiinh £U8 84

2138] ESPnetoll /0% recipe® o] g}
(Watanabe et al., 2018). Z+ Q1570 Bdlo] A4 Z Q1 A7k %
29} o, H7)= ¥ 30 EAIEHA

F712 7A3E ™ 2] 74-9-o|i= macaron style FEN-S A8-8}%1 1L
31AHS] CNN AYE ARSIl om, E-HMAEH ] A5
3072 79191 MLPSE 3139191 CNN 71, 31H912] 218 74 )
g5 o]8sle] 228 24 YR E w55 th

4. ERAZE(T), AEH(C), E-BUMX| Zr|(E) Al /1A 170 =g

2} vo el o] tjF 2 2 F-8(%)
Table 4. Character error rate (%) for each dataset by encoder model:
Transformer (T), Conformer (C), and E-Branchformer (E)

fleurs-ko kmsav evalclean evalother
T 4.54 (+0.03) | 9.38 (+0.10) | 6.83 (+0.03) | 7.30 (+0.02)
C 4.30 (£0.04) | 10.21 (£0.35) | 6.54 (+0.06) | 6.95 (£0.05)
E 4.11 (£0.11) 8.62 (£0.07) | 6.17 (£0.00) | 6.73 (+0.06)

The mean and standard deviation are shown for two models of the same
structure trained with different initial values.
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Table 5. Recognition Speed (xRT) by encoder model: Transformer (T),
Conformer (C), and E-Branchformer (E)

Encoder only, beam=1 Encoder&decoder, beam=3

Model

10s 20s 10s 20s
T 0.71 (£0.01) | 1.13 (+0.01) | 2.50 (£0.05) | 3.79 (+0.05)
C 0.81 (£0.00) | 1.23 (+0.01) | 2.57 (+0.02) | 3.85 (+0.02)
E 0.86 (£0.01) | 1.27 (+0.03) | 2.61 (£0.01) | 3.92 (+0.01)

The recognition speed was measured using 10 randomly selected
utterances from the KMSAYV dataset, each approximately 10 and 20
seconds in length. The first two columns show the recognition speed
with the CTC weight set to 1, using only the encoder and minimizing
the computational load by setting the beam size to 1. The last two
columns show the recognition speed in typical recognition scenarios.
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Table 6. Character error rate (%) by number of BPE tokens for each dataset

Num. BPE| Fleurs-ko Kmsav Evalclean Evalother
Char 4.30 (£0.04) |10.21 (£0.35)| 6.54 (£0.06) | 6.95 (£0.05)
5k 4.51 (£0.13) |10.20 (£0.13)| 6.63 (£0.08) | 7.01 (£0.09)
10k 4.29 (£0.05) [10.08 (0.11)| 6.52 (£0.02) | 7.05 (+0.08)
15k 4.29 (£0.10) | 9.63 (£0.21)| 6.48 (£0.07) | 6.93 (+0.03)
20 k 4.29 (£0.14) | 9.70 (£0.38)| 6.45 (£0.04) | 7.04 (+0.06)
The mean and standard deviation of the recognition results are
shown for two Conformer models of the same structure trained with
different initial values.
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Table 7. Recognition Speed (xRT) by number of BPE tokens

Num. BPE 10s 20s
Char 2.57 (+0.02) 3.85 (+0.02)
Sk 1.46 (£0.02) 2.19 (£0.02)
10k 1.28 (£0.01) 1.89 (£0.02)
15k 122 (£0.01) 1.78 (£0.01)
20k 121 (£0.02) 1.70 (£0.01)

The first column shows the average xRT for 10 utterances each
approximately 10 seconds long, and the second column shows the
average XRT for 10 utterances each approximately 20 seconds long.
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Figures (a), (b), and (c) illustrate cross-attention scores for short utterances, while figures (d), (e), and (f) represent those for long utterances. The
short utterances are randomly selected from the evaluation set of KsponSpeech, and the long utterances are created by combining two randomly
selected utterances from the same dataset, resulting in approximately 35 seconds of speech. All figures (a) to (f) visualize the cross-attention scores
from the second head (index 1) of the last decoder layer (6th layer). For long utterances, visibility is reduced compared to short utterances, so

high-score regions are marked separately.
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Figure 1. Cross-attention scores for short and long utterances for Transformer, Conformer, and E-Branchformer
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