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A Zhuang Speech-to-Text Translation Method with
Source Language-Aware Conditional Attention Mechanism

Abstract 40

4
End-to-end speech-to-text translation aims to

directly convert spoken input into text in the
target language. As a minority language in
China, Zhuang faces challenges such as data
scarcity and limited technological support in
the field of speech translation. To support
research on Zhuang speech translation, we 4
construct a recording platform that is used to 48
compile speech-text parallel corpus. We 49
introduce a  Source  Language-Aware 50
Conditional Attention Mechanism (LACA), 51
which  incorporates  source  language
information into the Transformer to bias
attention toward Zhuang-specific linguistic
features. Additionally, an Implicit
Connectionist Temporal Classification
Auxiliary Mechanism (ICAM) is employed
during training to provide auxiliary 57
supervision for alignment learning between 58
speech and text representations. Experimental 59
results demonstrate that our model achieves a 60
BLEU score of 32.46 on Zhuang speech-to- o1
text translation, outperforming the baseline by
4.12 BLEU points.
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1 Introduction

65

In recent years, end-to-end models (Ren et al.,®®
2020; Prabhavalkar et al., 2023; Chen et al., 2024; ¢
Zhang et al., 2024a) have become mainstream in
speech translation, driving the development of*
large systems like GPT-40 (OpenAl, 2024),™
Gemini (Google, 2024), and SeamlessM4T™
(Communication, 2023). &

Previous research on Zhuang text processing’
has investigated a range of technical approaches. ™
Xian Wu (2024) employed word embeddings,”
relative position encoding, and a Transformer’®
architecture for Chinese-Zhuang translation. ””
Zhang et al. (2024b) proposed Dipmy++,

79

incorporating a bilingual dictionary and 5,000
parallel sentences. Weiquan Zhang (2022)
developed an F-BiLSTM-CNN-CRF model for
named entity recognition, while Kui Ning (2019)
designed a system for translating and
proofreading Zhuang folk culture texts. Compared
to text-based research, research on Zhuang speech
remains relatively scarce. Huang et al. (2025)
incorporated the SimAM attention mechanism
into a Bidirectional Encoder Representations from
Transformers model to perform speech
classification across different Zhuang dialects. Jie
Wang (2024) developed a Zhuang speech
synthesis system supporting text normalization,
phonetic conversion, and waveform generation.

However, research on end-to-end Zhuang
speech-to-text translation (S2TT) remains limited.
Most current end-to-end S2TT models are
developed based on the Fairseq framework (Wang
et al, 2020), such as s2t transformer and
s2t_conformer. Despite their success in high-
resource settings, these models struggle to align
speech and text representations under low-
resource conditions due to limited supervision and
alignment optimization. Moreover, the differences
in speech modality between Zhuang and the
languages used during pretraining limit their
ability to generalize to unseen languages.

To address the above challenges, we designed a
Source Language-Aware Conditional Attention
mechanism (LACA) and introduced Connectionist
Temporal Classification (CTC) as an implicit
auxiliary supervision signal, referred to as the
Implicit CTC Auxiliary Mechanism (ICAM),
thereby enabling end-to-end S2TT for Zhuang.
First, we introduced CTC loss during the training
phase to assist the pre-trained speech encoder
model wav2vec small (Baevski et al., 2020) in
learning feature alignment. Then, a one-
dimensional convolutional adaptor (referred to as



80

81

82

83

84

85

86

87

88

89

20

91

92

93

94

95

96

97

98

99

100

101

102

103

131

Audio

s

Speech Encoder

CNN Feature
Encoder

Encoder layers 0
#
Freezing
Encoder layers 1

Encoder layers 10
Encoder layers 11

ConvlD
Adaptor

nooooa
noooon

features
[T',B,D']

features
[T,B,D]

Fine-tuning

Target tokens: y
ye {yl,yz,...,y(,,l)},t e{l,2,...T}

-

1
1
1
1
1

1
Decoder with |

LACA |/

Decoder layers 0

‘ Masked Multi-head Attention ‘

LayerNorm

|
|
|
|
|
|
|
|
|
;
i LACA
:
|
|
|
|

‘ Dropout + Add&Norm ‘

‘ Feed-Forward Network ‘

Decoder layers 5 \
\

‘ Dropout + Add&Norm ‘

______________________

Next layer |

Target text

Figure 1: The overall architecture of our model. Raw speech is first encoded with the assistance of ICAM to
enhance feature alignment. The resulting representations are then passed to the decoder, where LACA
dynamically adjusts attention weights based on source language features.

Conv1D adaptor) was employed to transform theg,
encoder output, serving as an interface to ensure,,
compatibility with the decoder. Finally, LACA
integrates language embeddings to enable the
decoder to dynamically adjust attention weights1 o
based on the source language features during1

cross-attention. In addition, we developed a
Zhuang translation and recording platform, and

released several demos showcasing Zhuang

S2TT'. "

113
114

2 Methods

115
To realize Zhuang S2TT, we designed LACAus
based on the xm transformer 2 model and,,
incorporated the ICAM. This section presents the,,
overall framework as illustrated in Figure 1. The,
model consists of a speech encoder, a ConvlD,,
adaptor, and a Transformer decoder.

19

121

122

2.1 Speech Encoder

123

Following prior approaches (Le et al., 2023; Xu et,,,
al., 2024; Yan et al., 2023), we incorporated CTC,,.
loss during training to facilitate alignment

between speech and textual representations. The2s

auxiliary CTC loss is computed as: 127

128

Yhttp://510.english-gxu.net/ 129

2https://github.com/facebookresearch/fai 130
rseq/tree/main/fairseq/models/speech to
text

Lere = CTCloss(?v Ytarget): (1)
where Encoder(X) denotes the output sequence
of the speech encoder given the input audio X,
and Y = Linearcrc (Encoder(X)) is  the
predicted probability sequence obtained by
applying a linear projection to the encoder output.
Yiarge: 1s the ground-truth sequence. Unlike
conventional CTC-based models, this auxiliary
CTC branch is excluded during inference and
does not affect the main model architecture. To
train the decoder, we adopt the standard cross-
entropy loss between the predicted sequence
Yprea and the reference sequence Yiqrger:

Lpecoder = CT‘OSSETltT'Opy(Ypred, Ytarget)- (2)
The overall training objective combines the
decoder loss and the auxiliary CTC loss, weighted
by Acrc:

Liotat = Lpecoder T Acre * Lere- (3)

To mitigate overfitting in low-resource settings, as
suggested by Yang et al. (2022; 2023), we fine-
tuned only the last two layers of the encoder while
keeping the first ten layers frozen.

2.2 ConvlD Adaptor

The ConvlD Adaptor is a lightweight feature
transformation module that applies one-
dimensional convolution to the output of the
speech encoder, adjusting the feature dimension to


http://510.english-gxu.net/
https://github.com/facebookresearch/fairseq/tree/main/fairseq/models/speech_to_text
https://github.com/facebookresearch/fairseq/tree/main/fairseq/models/speech_to_text
https://github.com/facebookresearch/fairseq/tree/main/fairseq/models/speech_to_text
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Figure 2: Source Language-Aware Conditional Attention Mechanism. lang,,,,,: The expanded source
language embedding. @: Inner product. X: Weighted operation.

match the input requirements of the Transformer
decoder. It also performs temporal downsampling ©2
via convolutional stride. To mitigate the high

information density of speech features, a Gated®

164

Linear Unit (GLU) is applied following the

convolution, facilitating the selective transmission*’
of the most relevant temporal features to the*

167
decoder.
168

2.3 Decoder with LACA Mechanism

169

We proposed the LACA mechanism as illustrated
in Figure 2. Let the decoder-derived query matrix
be defined as: "

Q = [Ch' qz, - CIn] € RnXdk: (4)173
where 7 is the number of decoding steps and d, is1 Y
the attention dimension. The encoder output is
used to construct the key and value matrices:

K = [k, ky, ..., k] € R™¥%,

V =[vy,vy, ..., V] € R™¥%,
where m is the number of encoder steps. To injecti’s
language-specific information, we define a
language embedding vector e, € RE*% where B”
is the batch size. This vector is expanded alongo
the temporal dimension to match the encodens
output: 182

langemp = Expand(e;) € R™*B*dk (6)e
The expanded bias is then added element-wise to's
the original key to obtain the modified key: 185

K' = K + langemp- (7)ss
Finally, the attention is calculated using the
standard scaled dot-product formulation:

175
176

(5)

177

/T

) V.(8)
Vi
Compared with existing language-aware methods
(Xu et al., 2023; Tian et al., 2022), the proposed
LACA differs significantly in both the position
and manner of language information injection. By
introducing the language embedding as a bias
term into the key vectors of the cross-attention
module, LACA stably modulates the attention
distribution. This lightweight design enhances
training robustness under low-resource conditions
and enables seamless extension to multilingual
speech translation tasks.

Attention(Q,K',V) = softmax<

3 Experimental Setup

This section introduces the experimental setup for
the Zhuang end-to-end S2TT task, including the
dataset, baseline system, evaluation metrics, and
other implementation details.

3.1 Dataset

This paper focuses on the Dejing dialect of
Zhuang (Lv, 2019). We developed a Zhuang
speech recording platform® on a private server and
collected speech from native speakers. All
recordings were manually verified by linguistic
experts. In addition, part of the dataset was
sourced from news broadcasts on Jingxi TV, and

3 http://510.english-gxu.net/record
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The Data Collection, Recording, and Displayz::
Platform for the Chinese Language Resourcess:
Protection Project*. During data preprocessing, albs«
audio recordings were standardized to a sampling:s
rate of 16 kHz and converted to mono (Huang etss
al., 2025), followed by data augmentation. Thess
dataset consists of both isolated vocabulary items:s
and complete sentences, with a total duration ofso
19.23 hours. To evaluate the generalization
capability of the model, we conducted validation
on the Thai and English subsets of the Common
Voice (Ardila et al., 2020).

3.2 Baseline systems and metrics

In this paper, s2t_transformer (Wang et al., 2020)
is used as the baseline system. It is a Transformer
based sequence-to-sequence model for S2TT. In
the experiment, accuracy on the validation set
during the training and BLEU score during
inference are selected as evaluation metrics.

3.3

The model was trained on a single NVIDIA

GeForce RTX 4090 using the Adam optirnizer242
with a learning rate of 2e-4. The weight of thess
CTC loss was set to 0.3. 244

245

4 Results and Discussion 246

247

Implementation details »

With a limited Zhuang speech-text parallel corpus,
our model still achieved a BLEU score of 32.46,,
on the test set. In the following sections, we,
compare our model with the baseline, and analyze

the contribution of each component.

51

252

4.1 Comparison with the Baseline System

We compared the performance of different models
on the Zhuang dataset for S2TT task. As shown in
Table 1, although the validation accuracy of our
model was comparable to that of the baseline
system, it achieved a BLEU score that was 4.12ss
points higher than the baseline.

To assess the generalization performance of the*
model on S2TT tasks, we conducted Validation2 o
using the Common Voice dataset. As indicated in2 .
Table 2, the model achieved a validation accuracy
0f 86.89% and a BLEU score of 24.71 on the Thai258
dataset, demonstrating its cross—linguistic2 w
generalization capability. On the English dataset,2 o
since English and Zhuang belong to different2 N

262

4https://zhongguoyuyan.cn/index e

language families and exhibit differences in
speech feature pattens, our approach was
sensitive to these differences, resulting in a lower
validation accuracy. Nevertheless, the BLEU
score of 25.05 suggests that the model-generated
sentences exhibited local word order similarity to
the reference translations and preserved a coherent
syntactic structure at the sentence level.

Model accuracy(dev) BLEU
s2t_transformer 96.73% 28.34
s2t_conformer 85.20% 14.70
Ours 96.35% 32.46

Table 1: S2TT Performance of different models
on the Zhuang dataset.

Dataset accuracy(dev) BLEU

Thai 86.89% 24.71
English 31.17% 25.05
Zhuang 96.35% 32.46

Table 2: S2TT Performance of our model on
Zhuang, Thai, and English datasets.

4.2 Ablation study

To further evaluate the effectiveness of ICAM and
LACA, we conducted ablation experiments, with
the results summarized in Table 3. The integration
of ICAM led to improvements in both validation
accuracy and BLEU score. Upon incorporating
LACA, despite a 0.42% drop in validation
accuracy, the model attained a BLEU score of
32.46, marking a 2.42-point improvement and
reflecting a favorable trade-off between accuracy
and translation quality.

Model accuracy(dev) BLEU
xm_transformer 96.59% 30.04
xm_transformer+ICAM 96.77% 30.42
xm_transformer+ICAM 96.35% 32.46

+LACA

Table3: The results of the ablation study.

5 Conclusion

In this study, we developed a Zhuang translation
and recording platform and introduced the LACA
mechanism and the ICAM training strategy to
enhance Zhuang speech-to-text translation (S2TT)
task. Experimental results show that our method
achieves accurate and effective performance in
Zhuang S2TT. This work contributes to both low-
resource speech translation research and the
preservation of minority language heritage.
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Limitations 318
319

Although our method yields a satisfactory high,,,
BLEU score on the Zhuang dataset, performance;
on other languages remains moderate, indicating:2
that the generalization capability still needs to bes=2:
improved. In future work, we aim to improve?
performance in speech-to-text translation tasks”
across a wider range of languages. Furthermore,z :
we plan to explore speech-to-speech translation
both among Zhuang dialects and between Zhuang,,,
and other languages as an extension of thisso
research. To facilitate these advancements, wes
will collect and construct a larger-scale Zhuang??
speech-text parallel corpus to mitigate the™
limitations posed by data scarcity. 334
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