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ABSTRACT

This study delves into the intricate linguistic history of Quang Nam province, a region rich in cultural and
linguistic layers that existed long time ago. By analyzing place names and linguistic strata, the research uncovers
traces of Mon Khmer and Austronesian languages, highlighting the region’s deep historical connections and
multilingualism within Cham Pa society. To further explore these linguistic complexities, we employed an
interdisciplinary approach that integrates insights from comparative linguistics, archaeology, and cultural studies. A
key contribution of this research is the application of advanced information technology, specifically data mining and
artificial intelligence, to the preservation and analysis of this linguistic heritage. Using the YOLO-v8 deep learning
model, we developed a system capable of accurately recognizing and classifying handwritten place names. The
YOLO-v8 model, renowned for its powerful object detection capabilities, was instrumental in automating the
analysis of large datasets, achieving high levels of accuracy in the recognition of diverse linguistic characters. This
integration of Al not only enhances our ability to study historical language use but also provides an efficient and
scalable solution for archiving and managing valuable cultural data. The results of this study contribute to both the
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field of linguistic conservation and the development of Al-based tools for heritage preservation, ensuring the longevity
and accessibility of the rich linguistic diversity of the region for future research.
Keywords: Place Name; Origin; Champa; Multilingual; Quang Nam Province; Al; Dataset

1. Introduction

Vietnam is a multilingual and multi-ethnic nation
officially comprising 54 recognized ethnic groups,
including the majority Kinh population and 53 ethnic
minority communities. From a linguistic perspective,
however, Tran Tri Doi identified 52 ethnic minority
languages in Vietnam M. Among these, certain languages
exhibit unique sociolinguistic characteristics. For instance,
the O Du language spoken by the O Du people residing in
western Nghe An no longer functions as a living language
in everyday community life. Conversely, the Tay-Nung
language is shared by two distinct ethnic groups: the Tay
and the Nung. Ethnic minority populations in Vietnam
often live both in dispersed and intermingled settlements, a
demographic pattern that complicates the classification and
enumeration of ethnic minority languages and also
influences broader aspects of social development. This
linguistic complexity is rooted, in part, in historical
processes of migration and interethnic language contact.

In the contemporary context, Quang Nam province is
home to a diverse range of ethnic groups, including the Co
Tu, Ca Dong, Xe Dang, Gie-Trieng, and Hre, alongside the
dominant Kinh (Viet) population. Historically, Quang Nam
was also a key region of the ancient Champa civilization,
and archaeological evidence continues to reveal significant
cultural and historical vestiges left by the Cham people. To
explore the extent of multilingualism in Champa society,
we have selected a site in Quang Nam for interdisciplinary
investigation. This research seeks to understand the
historical and contemporary linguistic landscape of the
region, shaped by centuries of sociocultural interaction.
While toponymic studies have seen extensive development
in Europe, such research remains relatively nascent in
Vietnam, particularly  studies that employ an
interdisciplinary methodology with linguistics at the core.
Numerous archaeological findings, including those from the
Bau Du site in Quang Nam dating back approximately
10,000 years to the early Neolithic period, attest to the
region’s longstanding human habitation. To begin
addressing the question of multilingualism in the Champa
context, our initial efforts focus on analyzing place names
of Champa and Mon—Khmer origin. Given that hydronyms
(river names) and toponyms (village names) often retain
ancient linguistic elements, we utilized comparative
methods to determine their linguistic affiliations. Following
the methodological framework proposed by Tran Tri Doi,
we undertook a twofold process: comparing basic

vocabulary as a necessary condition and identifying
systematic phonetic correspondences as a sufficient
condition. According to Doi, a language can only be
definitively classified within a language family if both
criteria are simultaneously satisfied 1.

To date, the historical study of the Vietnamese
language has progressed significantly, with scholars relying
primarily on the diachronic linguistic approach to uncover
its origins and development. In our investigation of
multilingualism within Champa society, we similarly adopt
this diachronic perspective, which has proven to be
essential in tracing linguistic transformations over time.
While numerous researchers have contributed to the
understanding of Vietnamese language history, we find the
interpretations presented by Tran Tri Doi to be particularly
compelling. From a diachronic standpoint, Tran Tri Doi
argues that the Vietnamese language originated from the
common Viet-Muong language family, specifically within
the Mon-Khmer branch of the Austroasiatic family of
Vietnamese. To such ends, “Vietnamese Language History:
A Contribution to Understanding Vietnamese Culture,” Doi
emphasizes the importance of distinguishing between
geographical Southeast Asia and historical (or cultural)
Southeast Asia. He notes that although the Southeast Asian
region is defined geographically, its cultures and heritage
have widely evolved across multiple linguistic families. As
we understand from his perspective, this complexity and
interconnection provide a multi-layered view of the diverse
and complex forces at play in language change in the region.

In line with Doi’s
Vietnamese are also referred to as part of the Viet-Muong
group fundamentally Austroasiatic. For the purposes of this
study, we deliberately set aside alternative hypotheses that
attribute  significant Chinese lexical derivations to
Vietnamese or that propose non-Austroasiatic origins.
These include Theurel’s Austronesian hypothesis, as well as
the positions of scholars such as Binh Nguyen Loc and Ho
Le, who advocate for Vietnamese—Malay or Tai affiliations,
drawing on earlier suggestions by H. Maspero. Through
critical engagement with these diverse viewpoints spanning
the work of scholars like M.P., A. Hauricourt, and M. Avest
we gain a broader understanding of the complex linguistic
landscape of Southeast Asia. These varying arguments
illuminate the contested nature of language classification in
the region and underscore the importance of a multi-
perspective, historically grounded approach in examining
the evolution of the Vietnamese language.

perspective, we recognize
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2. Related Work

The Results of Archaeological and Historical
Research Initially Identified Language Classes

Archaeological, historical, and cultural research—
carried out by notable scholars such as Ho Xuan Tinh, Vu
Cong Quy, Huynh Cong Ba, and Tran Quoc Vuong—
provides compelling evidence that the region of Quang
Nam has been continuously inhabited since ancient times.
A significant discovery in 1981 at the Bau Du
archaeological site unearthed five burials containing human
remains, offering clear proof of early human settlement in
the area (%1, Based on these findings, scholars have posited
that prehistoric human activity in Quang Nam dates back
six to seven thousand years, with evidence of subsistence
practices such as hunting, fishing, shellfish gathering, and
notably, early agricultural activity, including the cultivation
of crops like water potatoes and yams [4. Further
archaeological excavations in locations such as Nui Thanh
and Dai Loc have revealed numerous jar burials, many of
which contained artifacts made from bronze and iron. These
findings are attributed to the Sa Huynh culture, a significant
prehistoric culture along Vietnam’s Central Coast. Analysis
of material remains has led researchers to suggest that the
Sa Huynh culture may have served as a direct cultural
predecessor to the ancient Champa civilization. This
hypothesis is supported by archaeological evidence
indicating a cultural continuity from the Sa Huynh period to
the emergence of the Champa state, suggesting that ancient
Champa inhabitants were likely descendants of late Sa
Huynh communities.

The diversity in the materials used for jar burials,
including agate, iron, and ceramics, is interpreted by Huynh
Cong Ba as indicative of early forms of social stratification.
This differentiation is seen as a precursor to the emergence
of a state-level society. Furthermore, specific burial
artifacts such as a Dai Lanh jar dating to a period close to
the establishment of the Northern Cham State by Khu Lien
in the 2™ century CE, and a Cam Ha jar dated to
approximately the 1% century BCE to 1% century CE lend
additional support to the argument that sociopolitical
organization was already taking shape prior to the official
founding of the Champa state. Importantly, this body of
evidence suggests that prior to the rise of Champa, Quang
Nam was already home to a diverse array of ethnic
communities, evolving along different cultural trajectories.
Linguistic studies further reinforce this claim. According to
Ha Van Tan, and based on calculations by historical
linguists G. Diffloth and I. Peiros, several Mon-Khmer
languages the subgroup to which Vietnamese belongs
began to diverge around 4000 BCE and 4200 BCE,
respectively. These findings indicate that the Austroasiatic
language family from which many of the region’s
languages are derived has deep indigenous roots in the area.

Thus, both archaeological and linguistic evidence point to
the long standing presence of Austroasiatic speaking
communities in Quang Nam, long before the formation of
the Champa polity ©*1,

In a corresponding historical timeframe, Professor
Tran Tri Doi offers an insightful linguistic interpretation
concerning the Lac Viet ethnonym and the language of the
Dong Son culture. In his analysis, he contends that from the
perspective of Vietnamese historical linguistics, there is
little conclusive evidence to disprove the possibility that the
inhabitants of Dong Son culture considered a foundational
civilization in ancient Vietnam were indeed indigenous
peoples who spoke a pre-Vietnamese language. Doi refers
to this speech community as part of the core geographical
region, or the homeland, of Austroasiatic languages,
thereby reinforcing the notion of long-term linguistic
continuity in the region [l Drawing from archaeological,
historical, and cultural research, it becomes evident that
Quang Nam possesses a rich stratification of linguistic
layers. Initially shaped by indigenous Austroasiatic
languages, this region later witnessed significant linguistic
and cultural transformation following the emergence of the
Champa state. As part of its sociopolitical development, the
Champa civilization established a formal Cham script
system to encode cultural, religious, and administrative
information.

According to Po Dharma, this classical Cham script
primarily used in inscriptions was developed from Indian
Sanskrit  characters, yet it underwent significant
modifications to align with the cultural and aesthetic
preferences of the Champa kingdom. This script served as a
prominent medium of expression from the 4" to the 15"
centuries, marking a flourishing period of written cultural
production in Champa. However, Po Dharma also notes that
classical Cham has since fallen into disuse, and at this point,
no living Cham individuals possess full understanding of
this classical form Bl Thus, the linguistic history of Quang
Nam reflects a complex evolution beginning with native
Austroasiatic roots, followed by the development of a
distinctive Cham literary tradition, and marked by
successive cultural overlays. This layered history highlights
the region as a significant locus of linguistic and cultural
convergence in early Southeast Asian civilization El. The
image of the Yen Chau bronze stele is shown in Figure 1.

Figure 1. The still-hot image of the cham people’s
identification word when we went to field as field farmers
in Quang Nam Province.
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These findings also support the inference that during
this historical period, residents of the region were likely
bilingual, utilizing both the Cham language and languages
from the Mon-Khmer linguistic bloc, as assessed by Tran
Tri Doi M, Doi asserts that, prior to the territorial expansion
of Dai Viet, this land was under the administration of the
Champa kingdom. Therefore, it is reasonable to conclude
that the communities inhabiting the area spoke Cham or
possibly Mon-Khmer languages as their native tongues.
With the annexation of this region into the Dai Viet state,
where Vietnamese became the national language, it was
inevitable that residents had to adopt Vietnamese as the
dominant medium of communication in public and social
life [8], Despite centuries of transformation, we maintain
that Quang Nam today still preserves numerous place
names of Cham origin. However, several scholars argue
that many of these names have become obscured over time
due to linguistic overlay, particularly by Sino-Vietnamese
influences, making them more challenging to decipher and
analyze. Place names such as Cau Nhi, TraKiéu, and Tra
Nhi& are cited as examples of such transformations.
Researchers emphasize the importance of methodological
frameworks such as the identification of basic lexical
classes and the reconstruction of phonological evolution
through linguistic change rules as effective strategies for
classifying Vietnamese within the Vietic group of the Mon-
Khmer branch of the Austroasiatic language family. While
Ha Van Tan posits that Vietnamese originates from the
common Viet-Muong language group, Tran Tri Doi refines
this by identifying it as Proto-Viet-Muong (or Proto-Vietic)
o]

In a parallel thread of linguistic and technological
exploration, there has been increasing attention toward the
application of artificial intelligence (Al) in handwriting
recognition, particularly for Han and Chinese characters.
This field has seen rapid advancements in recent years,
largely due to the proliferation of deep learning methods,
especially convolutional neural networks (CNNSs), which
have significantly enhanced recognition accuracy for
complex character systems. This trajectory reflects a
broader shift in the field of optical character recognition
(OCR) from traditional machine learning approaches to
more sophisticated deep learning architectures [0, A
comprehensive benchmark study conducted offered a
foundational comparison of handwritten Chinese character
recognition online and offline, while subsequent work
introduced a neural network-based recognition system
capable of adapting to varied styles and complexities of
handwriting 112, This was further advanced by Wu and

Zhong, who demonstrated the superiority of CNNs in
handling the intricacies of handwritten Chinese scripts 12141,
The authors also proposed a refined CNN architecture for
improved generalization across diverse handwriting styles,
while optimizing CNN models for embedded systems,
addressing constraints in processing power and memory 191,
In particular, DropDist, a CNN-based model tailored for
large-scale handwritten character recognition using smaller
datasets, was introduced as a key innovation for
applications with limited training data [*l,

Further breakthroughs include Zhang, who integrated
CNNSs with Connectionist Temporal Classification (CTC) to
jointly manage segmentation and recognition, and Zhao,
who employed a CNN-LSTM framework to harness
bidirectional stroke sequence learning, thus improving
recognition  accuracy by incorporating  temporal
dependencies in character writing 78 Recent
contributions from transfer learning explored the use of pre-
trained models, effectively improving performance while
reducing training overhead 1°l, Building on this, Chen and
Zhang proposed a highly efficient CNN-based architecture
that optimized computational performance without
sacrificing recognition accuracy, marking a new milestone
in offline handwriting recognition for Chinese characters
(2021 Together, these advancements underscore the
evolution of handwriting recognition technologies from
early algorithmic approaches to state-of-the-art deep
learning models, setting the stage for further innovations in
multilingual character recognition and digital preservation
of linguistic heritage.

3. Dataset

This study introduces a dataset compiled during
extensive field surveys conducted in Quang Nam province,
which holds considerable scientific value. As a repository
of cultural and linguistic heritage, this dataset is not only a
rich source of information but also represents a critical
resource that warrants digitization and long-term
preservation for future generations. The dataset is
particularly comprehensive, encompassing four columns
and approximately 50,000 entries, as illustrated in Tables 1
and 2. It categorizes place names into three main groups:
“Han-Nom
characters.” This structured database provides a robust
foundation for further linguistic, historical, and cultural
analysis, especially within the interdisciplinary context of
toponymy and language contact studies.

“General” names, “Proper Names,” and

646



Forum for Linguistic Studies | Volume 07 | Issue 05 | May 2025

Table 1. Place name of an administrative unit in Dien ban district, Quang Nam Province.

Simhapura (Su tir thanh) Simhapura (Lion City)

Amaravati
My Son (My Son Thanh
dia)
Tra Kiéu
DPong Duong
Khu vuc Chiém Son
An My
Hén Tau, Hon Ong

Amaravati
My Son (My Son
Sanctuary)
Tra Kieu
Dong Duong
Chiem Son Area
An My

Hon Tau, Hon Ong

First capital of Champa, now in Tra Kieu (Duy Xuyen District)

A major Champa state, now in Quang Nam region

The most significant complex of ancient Champa temples and towers,

now in Duy Xuyen
Ancient citadel and major religious center of Champa

Champa Buddhist center in the 9th century, now in Thang Binh

Site with Champa temple and tower ruins in Duy Xuyen
Area with Champa tower ruins (near Tam Ky)
Sacred mountain peaks with traces of Champa presence

Table 2. Place name of an administrative unit in Dien ban district, Quang Nam Province.

“Bon” (hill) + “Muh”
(gold): “Gold hill”.

Image of an ancient gold mining hill. No recorded Cham script
inscriptions, but Cham artifacts may be found nearby (Quang
Nam Museum).

Bong by iNinh District
Mi&l

Tr&  Duy Son Commune,
Kiéu  Duy Xuyén District

“Tra” from “la/Ya” (water,
river), Indrapura capital.

Ruins of Simhapura capital with ancient Cham script
inscriptions (4th —5th century), such as Bhadravarman stele.
Apsara reliefs and Sanskrit on stone at Pa Ning Museum.

TraNa Bic Tra My District

“Tra” from “la/Ya” (water,
river).

Mountainous rivers and streams. No specific Cham script
inscriptions recorded, but possibly linked to Sa Huynh culture
(pre -Cham Pa).

“Tra” from “la/Ya” (water,
river).

Mountainous forest landscape. No recorded Cham script
inscriptions, but Cham artifacts may be found at local
museums.

“lan/Yan” (deity), related to
worship.

Shrines or spiritual spaces. No recorded Cham script
inscriptions, but possibly linked to Cham Pa worship sites.

“P&” (deity), related to
beliefs.

Sacred mountain. No recorded Cham script inscriptions, but
Cham artifacts may be found nearby (Quang Nam Museum).

“P6” (deity).

Rural village with spiritual traces. No recorded Cham script
inscriptions, but related artifacts may be at museums.

“p5” (deity) + “Thach”
(stone).

Sacred stone mound. No recorded Cham script inscriptions,
but possibly linked to nearby Cham sites.

“MP” (beautiful, sacred) +
“Son” (mountain), Cham Pa
holy site.

Cham tower complex with ancient Cham and Sanskrit
inscriptions (7th —13th century), like My Son Al stele, stored at
Da Nang Cham Museum.

TrAa Nam TraMy District
Ngan
A Various areas in
BabDang Quang Nam
B3 B6 Bo Mountain, Pai
Loc District
Bb Qué Phii Commune,
Mung  Qué Son District
Thach Tam Xuan B
B3 Commune, NU
Thanh District
. Duy PhiaCommune,
My Son Duy Xuyén District
Péng Binh Dinh Béc
Duong Cominune., Tl_'léng
Bnh District

Name of Buddhist

monastery, linked to King
Indravarman I1.

Buddhist monastery ruins with Cham and Sanskrit inscriptions
(9th century), Bodhisattva statues, and reliefs, stored at Ba
Nang Cham Museum.

4. Research Place

Names in Quang

Nam to Identify the Multilingual

Status

Historically, the territory of present-day Quang Nam
was once under the governance of the Champa kingdom,
which established two major capitals in the region:
Simhapura and Indrapura. The recorded history of Champa

begins in the 2" century CE, and the earliest inhabitants of
this region are believed to have been Mon-Khmer ethnic
groups. From a historical and linguistic perspective, the
formation of the Champa kingdom likely resulted from the
consolidation of several smaller polities, commonly
referred to in Southeast Asian political theory as “Mandala”
systems. As the kingdom expanded and solidified its power,
it exerted control over various subordinate groups, with the
Cham language serving as the administrative and cultural
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lingua franca. However, it is reasonable to infer that the
Mon-Khmer language, known locally as Pylanh, continued
to be spoken among lower social strata, suggesting that
bilingualism or even multilingualism was a defining feature
of Champa society. This specific type of linguistic diversity
is reflected in the toponymic landscape of Quang Nam,
where multiple linguistic strata overlap, revealing traces of
different cultural and ethnic influences over time. Therefore,
any attempt to identify and classify the multilingual
characteristics of Champa society must be approached with
caution, as the linguistic layers are deeply intertwined and
shaped by centuries of contact, migration, and cultural
integration.

4.1. Explanations About Place Names of Cham
Origin

Research by Bui Trong Ngoan has revealed intriguing
insights into the origins of major river names in Quang
Nam, such as Thu Bon, Ba Ré, and Vu Gia, suggesting
that these names retain a high degree of linguistic accuracy
¥, However, in the specific case of the Thu Bon River,
while the author explores multiple etymological
possibilities ranging from “B6 B6,” “P6 Inu Nagar,” to
“Simhapura”, he ultimately concludes that these names lack
clear phonetic connections. Instead, he observes that the
ritual traditions of the Thu Bén village, notably the sacrifice
to Lady BOBO (Po Inu Nagar), reflect cultural continuity
from the ancient Champa civilization. The diversity in the
names used in these practices—both divinity types (e.g.,
“god,” “king,” or “sin”), yet with phrases that the term
“Thu Bdn” does not have obvious origins from either the
Cham expressions. Rather, he suggests it might originate
from the Cham word “tabbok”, meaning “mound”, likely
referencing the local geography. From our standpoint, it is
plausible that the Thu Bdn River name emerged during the
Champa period, shaped by cultural practices, such as the
matrilineal traditions of the Cham and their close
relationship with riverine environments.

A similar multilingual heritage can be observed in the
naming of the Cau Nhi River, which may also reflect Cham
linguistic influences. In the Cham language, the term
“Kunyk” includes the pre-syllable “ku” (interpreted as
“sentence”) and the root “nyk” (meaning “gold,” “yellow,”
or “turmeric”). The semantic field around “gold” evokes
connotations of fertility and richness, leading to the
interpretation of Cau Nhi as a fertile, alluvial river. Another
place name, Cau Lau, is believed to stem from a Cham
origin as well, functioning as a transliteration of “pulau”
(island), adapted to Quang Nam phonology as “pulao.” This
suggests that phonetic evolution and local variation in
linguistic borrowing have significantly influenced place
name formations in the region.

Bui Trong Ngoan also notes that toponyms such as
TrakKiéu, TraNhi@, and Cau Nhi are often overlaid with
Sino-Vietnamese phonological structures, making it
difficult to clearly attribute their origins to either Cham or
Mon-Khmer languages. For instance, Tra Kiéu village,
established in the 17™ century, sits atop the ruins of
Simhapura, the ancient capital of Champa (4" — 8" century),
located in modern-day Duy Xuyé. This area likely retains
deep linguistic and cultural residues from the Champa
civilization.

Linguistic elements such as “Tra” are prevalent in the
central region, e.g., TraKhtt, TraBong, TraCau, TraKhe
suggesting a systematic naming pattern. Some scholars link
“Tra” to “Cham Cha,” believed to be an ancestral figure of
the Cham people. From a broader linguistic perspective,
“Tra” might be a derivation of the Austroasiatic ya, which
could mean “river”, or alternatively, it could signify
“village” or “region.” This dual interpretation leads to the
hypothesis that Tra Kiéu may denote a large settlement,
while TraKhtt or TraBong may reference river systems
named after physical features.

Drawing on the extensive research of Tran Tri Doi, we
support the theory that the Vietnamese mainland was
initially inhabited by indigenous Austroasiatic peoples,
followed by early interactions with Austronesian groups.
These groups, particularly under Indian cultural influence,
produced early texts and inscriptions, including Vietnamese
records dating back to the 2nd century CE in the Lan Ap
polity. Prior to the expansion of the Dai Viét state, the
southern regions of Vietnam were predominantly populated
by speakers of Mon-Khmer and Austronesian languages,
reflecting a multilayered cultural and linguistic substratum.

Consequently, the concept of “Mandala”, commonly
used in Southeast Asian studies to describe political
configurations of loosely associated but culturally
interconnected groups, is especially relevant to Champa
society. In such a system, the dominant Champa state
occupied the central role, while diverse ethnic communities,
often retaining their Mon-Khmer traditions, existed within
its periphery. This complex political and linguistic
configuration provides vital context for understanding the
stratified and hybrid toponymy observed throughout the
Quang Nam region today.

4.2. Explanations About Place Names of
Vietnamese Origin

Several river names in Quang Nam Province bear
clear Vietnamese linguistic origins, such as Cho Cui River,
Bén Gia, Bén Giang, C4, and Con. For instance, Cho Cui
River is known in Nom script and was formerly referred to
as Sa Thi River, where “Sai” denotes firewood and “Thj”
denotes market in classical Han characters. This river, also
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referred to as Sa Thj Giang (“Giang” meaning “river”), is a
downstream branch of the Thu Bdn River, adjacent to a
market known as Cui Market. This toponym reflects a
metonymic naming strategy, wherein the name of a
prominent local feature, such as a market, is extended to
label the river. From our perspective, the term “Sai Thi
Giang” may have served as a Sino-Vietnamese formal
designation, while the more vernacular and widely used
Cho Cui has persisted in common usage today. This
evolution exemplifies the dual-layered naming practices
formal versus colloguial that often characterize Vietnamese
place names.

Another example is the Con River (also known as the
Golden River), which originates from the former Hié&
District and serves as a major tributary of the Vii Gia River
within the Thu Bon river system, flowing through Dong
Giang and DPai Loc districts. Across various official and
historical documents including the List of Intra-Provincial
River Basins the name is inconsistently recorded as either
Séhg Cé or Séig Con. This discrepancy likely reflects
phonological variations in the Quang Nam dialect, where
the nasal ending “-on” is sometimes articulated as “-on” or
“-6n” due to local pronunciation features. Moreover, the
appearance of “Kon” may derive from phonetic
transcription practices, especially since Vietnamese Latin
characters traditionally avoid the use of “k” in favor of “c”
or “qu.” Nonetheless, some transcriptions render the
pronunciation as /konl/, suggesting possible Austroasiatic
or indigenous linguistic influences. This point remains a
subject of ongoing investigation.

In the western mountainous regions bordering Laos,
the presence of multiple ethnic groups, such as the Co Tu,
Xo Pang, Cor, and Gié-Trieng, alongside ethnic
Vietnamese populations, further reflects the area’s rich
cultural and linguistic diversity. Place names in these
regions, such as bik Di, Pik Mi, ik Sé, Bik Pring Ta Vi,
incorporate the element “Pik,” a Mon-Khmer term
particularly from the northern Bahnaric subgroup which
translates to “water” or “river.” These names illustrate the
deep-rooted influence of indigenous languages in the
geographical nomenclature of the region.

Taken together, this evidence supports the view that
Quang Nam represents a historically multilayered and
multilingual cultural landscape. The accretion of
Austroasiatic, ~ Austronesian,  Sino-Vietnamese, and
indigenous linguistic features in the place names of rivers
and settlements reflects a long process of cultural contact,
adaptation, and integration, reinforcing the importance of
toponymy in tracing historical and ethnolinguistic

interactions in Central Vietnam.

4.3. YOLOVS8 Algorithm for Chinese
Character Recognition

Input:

+ Image: Input image containing Chinese characters
(e.g., 640x640 pixels).

+ pre_trained_model: YOLOV8 model fine-tuned for
Chinese character detection and recognition.

+ confidence_threshold: Minimum confidence score to
keep a detection.

+iou_threshold: loU threshold
Maximum Suppression (NMS).

to apply Non-

Output:

+ A list of detected Chinese characters with:
-Bounding box coordinates (x, y, width, height).
-Recognized character label (class).
-Confidence score for each detection.

The construction is conducted as follows:

1) Step 1: Preprocess the input image
2) Step 2: Feature extraction
3) Step 3: Feature aggregation (Neck)
4) Step 4: Predictions (Head)

- “Pass feature” maps to the pre_trained model.head
to make predictions:
- “Bounding boxes” for each character: (x, vy,
width, height).
- “Class label” for each character (from a
predefined set of Chinese characters).
- “Confidence score” for each detection.
5) Step 5: Filter predictions
- Discard bounding boxes with confidence score <
confidence_threshold.
- For each remaining bounding box, assign the class
label with the highest probability.
6) Step 6: Apply Non-Maximum Suppression (NMS)
- For overlapping bounding boxes:
- Compute loU between boxes.
- Keep only the box with the highest confidence
score if loU > iou_threshold.
- Remove redundant boxes to avoid multiple
detections of the same character.
7) Step 7: Output the results
- Return the list of detected Chinese characters,
including:
- Bounding box coordinates.
- Recognized character class label.
- Confidence score of each character recognition.

The results of prediction are shown in Figure 2.
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YOLOv8 Model Comparison with Speed A100 TensorRT
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Figure 2. Performance of prediction.

5. Discussion

In this study, we examine a digitized dataset of place
names collected from various localities within Duy Xuyé
and Dién Ban districts in Quang Nam Province. The dataset
includes entries gathered through field surveys and
historical records, with each location represented by three
key attributes: (1) a general classification under the attribute
“Chung,” referring to the type of administrative unit such as
commune or village; (2) the proper name of the commune
or village; and (3) the corresponding name in H&a-N&n
script, when available. These attributes provide a
comprehensive linguistic and cultural representation of the
local geography.

To optimize the analytical process, we apply
correlation-based feature selection to reduce dimensionality,
narrowing the dataset from an initial 10 attributes to 4 core
features that carry the most predictive significance. This
feature selection step not only simplifies the dataset but also
enhances the efficiency and accuracy of subsequent
computational models.

Our approach integrates techniques from natural
language processing (NLP) and deep learning to address the
challenges inherent in analyzing toponymic data.
Specifically, we employ deep learning algorithms to predict
missing place names, leveraging learned patterns in
phonetic, semantic, and historical attributes. Additionally,

unsupervised clustering techniques are utilized to group
similar place names, enabling the identification of linguistic
trends and geographic naming conventions over time.

Further, we explore Al-driven models to suggest
potential place names grounded in historical context and
linguistic patterns, contributing to the broader effort of
cultural preservation and historical reconstruction. Overall,
this work not only digitizes but also semantically enriches
over 500 commune-level place names across the two
districts, forming a valuable resource for linguists,
historians, and computational researchers interested in
Vietnam’s toponymic landscape shown as “/A %1.” The
commune word images were captured from the village gate,
which was experimentally manipulated using a fake “F” to
simulate the environment in which the investigation took
place.

This process of photographing and digitizing the word
images posed significant challenges due to their inherent
characteristics: the images were often blurred and difficult
to distinguish, and the characters displayed ancient origins
that made identification particularly complex. After
organizing the training data for the deep learning model, we
proceeded with three testing scenarios. In the first scenario,
we utilized 88% of the dataset for training, 8% for
validation, and 4% for testing, as illustrated in Figure 3.
The results of this experimental setup yielded an impressive
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recognition accuracy of 97.8% for the commune letters, as

demonstrated in Figures 4 and 5.
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The result is a robust dataset comprising over 50,000
entries, encompassing a broad spectrum of place names
with a particular emphasis on common administrative
designations such as “Commune” (X&), “Village” (Thon),
and other related terms. The sheer volume of these 50,000
place words constitutes a comprehensive and significant
collection. This large dataset not only captures the richness
of local toponymy but also provides a detailed view of the
linguistic diversity within Quang Nam Province. It
thoroughly explores the region’s administrative structure
and its influence on language use.

The dataset serves as a valuable resource for in-depth
analysis of linguistic diversity within Champa society and
other local communities in the province. By examining the
frequency and distribution of place names, we can identify
patterns in language use and pinpoint the most commonly
spoken languages across different administrative areas. This
highlights prevailing linguistic trends and offers insights
into the vitality of languages in the region. Through
geographical analysis, we gain a better understanding of the
spatial distribution of languages and dialects, which is

crucial for mapping language variations across Quang Nam
Province.

Furthermore, the correlation between place names and
linguistic or ethnic groups can shed light on the variations
in language across different regions. This knowledge is
especially valuable for identifying areas where certain
languages are either dominant or endangered. The dataset
thus plays a critical role in shaping language conservation
strategies. Areas with high concentrations of endangered or
less commonly spoken languages can be targeted for
preservation efforts.

In addition to its conservation potential, the dataset
can contribute to the development of educational materials
and efforts to raise awareness about the region’s linguistic
heritage. This helps preserve these languages for future
generations. Place names, often rich with cultural and
historical significance, offer a unique lens through which
we can explore the relationship between language, culture,
and history. Analyzing these names provides an opportunity
to preserve the intangible cultural heritage embedded within
them, strengthening the connection between language and
its cultural roots.

In our study on character recognition for handwritten
local language identifiers in Quang Nam Province, we
adopted and improved several techniques previously
explored by other research groups [%1216171 Qur primary
objective was to enhance model performance while
addressing the unique challenges posed by the linguistic
and ethnic differences across language groups in the region.

Model Modifications and Data Preprocessing:

(1) Image Enhancement: The ImageDataGenerator
was optimized with parameters such as shear_range,
zoom_range, and rotation_range to increase data
diversity. Padding images to a fixed size helped
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standardize input dimensions, leading to more
consistent training. These modifications resulted in
improved performance, with the model achieving a
validation accuracy of 95% and a test accuracy of
84.2%. However, occasional mispredictions
suggested the need for additional fine-tuning.

(2) Color Transformation and Background Noise: The
conversion from RGB to grayscale simplified the
input data and altered the model’s behavior slightly.
After optimizing the model with new parameters, a
yellow background with added noise was introduced
to simulate real-world conditions. These changes led
to improved model performance, reaching a
validation accuracy of 92% and a test accuracy of
84%.

Addressing Imbalanced Data:
Data imbalance emerged as a significant challenge,
with the training dataset containing skewed character

frequencies. Two techniques were tested to resolve this:
(1) Undersampling: This method involved removing
images from overrepresented classes, but it risked

losing important data variations and reducing
dataset size.
(2) Oversampling:  Replicating  images  from

underrepresented classes proved to be more
effective, as it maintained the diversity of the
dataset and better addressed the imbalance.
Ultimately, oversampling was chosen for the final
Model.

Automated Model Selection (TPOT): To further
optimize the model, we applied TPOT, an automated
machine learning tool that fine-tunes model architecture
and hyperparameters. This resulted in a significant
improvement, with validation accuracy increasing to 97.6%
(from 50,000 samples) and test accuracy reaching 89.5%
(from 4,000 samples). This demonstrated a substantial
boost in generalization performance.

We also explored the method of Chinese handwriting
recognition using convolutional neural networks (CNN) and
median filtering Y. Comparing the results, we observed

several differences in performance and efficiency:

(1) Median Filtering: Median filtering was applied to
input images to reduce noise, and the images were
resized to 28x28 pixels to meet the CNN’s input
requirements.

(2) Data Reading: All images were converted into
matrices and split into training and testing sets.

(3) Convolutional Neural Network: The model
consisted of two convolutional layers (with 6 and 12
filters), which produced 12 feature maps, each
measuring 4x4.

(4) Fully Connected Layer: This layer made the final
classification and determined the correct character
recognition output.

(5) Training Process: The model was trained over
several epochs, adjusting weights as needed. After
5000 epochs, the model achieved an accuracy of
97.28%.

(6) Challenges: Despite the high accuracy, the training
time was considerable, with 5000 epochs taking
12,348 seconds. Additionally, the dataset size was
relatively small, which could Ilimit the
generalization capacity of the model.

This paper presents a solution for mining data
warehouses and advancing research in the application of
artificial intelligence, machine learning, and deep learning
to support handwritten place name character recognition
using a convolutional neural network (CNN) model that has
been deployed in many fields of applied science 2225, The
proposed model, based on the YOLO-v8 architecture,
demonstrates that after approximately 5,000 training epochs,
it can achieve an accuracy of up to 98%. The enhanced
YOLO-v8 model was also compared with a model utilizing
random hyperparameters under the same conditions,
including the same dataset and network architecture. The
results indicate that the YOLO-v8 model outperforms the
random hyperparameter model. However, to further
improve classification accuracy, hyperparameter
optimization remains a promising area of exploration for
deep learning models. This method seeks to identify the
optimal set of hyperparameters to enhance model
performance, including improving classification accuracy
and computational efficiency. Big data and smart data in
open education and research, machine learning for open
education and research, and personalized learning and
research environment design are some of the subjects
covered by the new technology, which focuses on cloud-
based learning resources, platforms, and infrastructures
[2627] This machine tools also provide new technology for
establishing and analysis new data contributing in
conserving the historical culture 282,

6. Conclusions

In conclusion, our research on the linguistic diversity
of Quang Nam, combined with data mining and artificial
intelligence techniques, has enabled us to discover
significant information on the complex linguistic heritage
of the region. By applying deep learning models,
particularly the YOLO-v8 architecture, we have made
substantial advancements in the automated recognition of
handwritten place names. The use of the YOLO-v8 model
has proven highly effective, demonstrating impressive
performance in identifying and classifying characters with
high accuracy due to its robust object detection capabilities.

The incorporation of data mining and artificial
intelligence not only facilitates the automatic recognition of
place names but also offers a scalable solution for
processing large volumes of linguistic data. The YOLO-v8
deep learning model, with its enhanced accuracy and
efficiency, has the potential to handle the complexities and
variations in handwritten characters, especially those from
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diverse language families like Cham and Mon-Khmer, as
well as Vietnamese.

This approach opens new avenues for further research
in both linguistic conservation and Al applications. By
leveraging machine learning techniques and sophisticated
models like YOLO-v8, future studies can refine these
methodologies to achieve even greater accuracy and
efficiency, thus enriching our understanding of the region’s
linguistic history. Moreover, this integration of technology
in linguistic research provides a robust framework for the
preservation and digital archiving of linguistic data,
ensuring that this rich cultural heritage can be
systematically conserved for future generations.
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