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Abstract: The research on the distribution of rural buildings is one of the fundamental works of
urban-rural development in Vietnam. Adopting Mask R-CNN deep learning framework and
collecting sub-meter remote sensing images, this research used a remote sensing interpretation
model of rural buildings trained based on East Asian characteristics of rural buildings and
successfully recognized about 2.87 million rural buildings in 34 Vietnamese provincial
administrative districts with a total area of rural buildings of 2,492 million square meters. The
reliability of the identification results was verified by manual detection and quantitative statistics,
and a multi-scale database of rural buildings in Vietnam based on individual rural buildings was
created. Based on the database, this paper analyzes the distribution characteristics of rural buildings
and summarizes characteristics of rural buildings distribution at the country, regional, and
provincial scales. The identification results lay the foundation for the next study of urban-rural
relations in Southeast Asia and the construction of a basic database on villages.
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1. Introduction

Vietnam's economy has been dominated by smallholder farming for a long time during its
economic development [1]. Rural buildings are the core elements of rural settlements in Vietnam, and
are deeply embedded in the process of modernization and development, underpinned by a
smallholder economy [2]. With the rapid economic growth and urbanization in Vietnam [3], land use
and landscape patterns in rural areas have undergone significant changes [4], which can be seen in
the evolution of rural settlement patterns. The individual rural building is an important asset for rural
families [5,6], and its quantity, type, and quality reflect the level of economic development of the local
community [7]. The spatial distribution pattern of rural buildings, as the main living space and
activities of the residents, to some extent reflects the population distribution in rural Vietnam [8,9].
Differences in the distribution of population and rural buildings can provide new perspectives for
the study of urban-rural population movements [10-12].

Vietnam is a country with a vast rural hinterland and a rich agricultural heritage [13-15]. As a
result, there are a large number of rural settlements that are widely dispersed [16]. However, there is
a limited amount of data available on rural areas in Vietnam due to the low level of rural
informatization [17]. Currently, the available data on rural areas mainly consists of macro-sampling
survey statistics conducted by the Vietnamese government [18]. Obtaining small-scale rural data is
best done through traditional rural community research [19-22]. Nonetheless, there is a challenge in
transitioning from specific to general and local to overall perspectives [23]. For large-scale rural field
investigations, significant time and manpower resources are required, and the universality and
objectivity of the findings may be subject to scrutiny [24,25]. As such, current studies on rural
Vietnam mainly focus on case studies that examine the interplay between regions, villages, rural
buildings, population dynamics, and social culture [26-28]. Unfortunately, there has been no
comprehensive exploration of the multi-scale spatial distribution pattern of rural buildings in
Vietnam.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Currently, with the rapid advancement of remote sensing technology and the increasing
maturity of deep learning techniques [29], it has become feasible to extract large-scale, multi-scale,
and high-precision information about rural buildings [30,31]. To acquire extensive individual data
on rural buildings, an efficient approach involves utilizing remote sensing and machine learning
methods to effectively extract roof information from high-precision satellite images [32]. House roofs
possess distinct geometric features, texture structures, and spatial semantic relationships [33], which
enable the extraction of specific targets from remote sensing imagery [34]. The application of machine
learning techniques for image segmentation and feature extraction of building roofs in high-
resolution satellite images provides valuable technical support in identifying human settlements,
monitoring land encroachment in rural areas, analyzing spatial evolution patterns, and estimating
solar power potential associated with buildings. [35-38]. Instance segmentation is a significant branch
within the field of building recognition using machine learning approaches [39]. By employing the
Mask R-CNN instance segmentation framework to detect building targets in remote sensing images
and selecting/segmenting buildings along with their backgrounds within target frames [40], it
becomes possible to obtain outlines for each building thereby achieving spatial localization while also
determining their number and area [41]. However, current research efforts primarily focus on urban
areas when it comes to building extraction tasks [42]. For instance, Stiller et al., employed a Mask R-
CNN model to extract buildings in Santiago (the capital city of Chile) by utilizing augmented fine-
tuned models resulting in high accuracy levels [43]. Tiede et al. employed the Mask R-CNN model
[44] to extract residential buildings in Khartoum, Sudan from VHR satellite data. While foreign
publicly available building datasets such as ISPRS [45], Massachusetts [46], and Inria [47] are
predominantly located in urban areas, rural areas have received limited attention for rural building
extraction due to their vast area and dispersed distribution [48], resulting in challenges of time-
consuming and difficult building extraction.

Vietnam is in the rapid development stage of urbanization [49], and the study of the distribution
pattern of rural buildings in Vietnam can provide reliable data support for the development of
urbanization and the study of rural urbanization in Vietnam. Therefore, this paper aims to construct
a Vietnamese rural buildings database as one of its key objectives. The identification of rural
buildings at a granular scale can provide valuable insights into the fundamental patterns of rural
settlement development in Vietnam, offering essential data for rural planning and agricultural
production. By studying and analyzing rural buildings, it becomes possible to gain a better
understanding of the living and production conditions of local rural residents, thereby providing
crucial data support for the formulation of policies related to rural social security enhancement and
poverty alleviation [50].

2. Methodology

2.1. Study area

Vietnam is a region of study situated on the eastern Indo-China Peninsula. It spans an area of
330,000 sq. km. and is home to nearly 100 million individuals'. It is bordered by China, Laos, and
Cambodia. The topography of the country is defined by highlands and lowlands, with approximately
three-quarters of the land being mountainous. The primary agricultural production areas are the Red
River Delta and Mekong River Delta plains. In the northwestern region, the Truong Son Range
extends from north to south [51]. (Figure 1)

Vietnam's urbanization rate in 2022 is about 39%, with an urban population of 38.3 million, an
increase of 1.009 million from the previous year2 . The rural population is 60.814 million, accounting
for 62.9% of the total population.

Due to the complexity and diversity of topography and landscape in Vietnam, and the large
north-south span and wide latitudinal distribution in Vietnam, it is beneficial to test the accuracy and

! Data Sources:https://data.worldbank.org/country/viet-nam
2 Data Sources:https://data.worldbank.org/indicator/SP.URB.TOTL?locations=VN
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reliability of the interpretation model. On the other hand, the development of industrialization and
urbanization has significantly changed the rural landscape and the spatial form of the countryside in
Vietnam. and the refinement of rural data is important for conducting research on urban and rural
development and population flow in Vietnam.
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Figure 1. Location map of Vietnam.

2.2. Date sets

Google Earth satellite images are the core data source of this paper, with a resolution of up to
0.25m, which can accurately reflect the roof profile of rural buildings. The comprehensive nature of
the Google image database facilitates future data iterations of the Vietnam database.

The core work of this study is to complete the identification and extraction of rural buildings
throughout Vietnam. The study uses 0.5m resolution satellite images of the whole area of Vietnam.
which can already meet the requirements of building identification. The years of the downloaded
satellite images are 2019-2021, so the timeliness can be guaranteed.

Firstly, the study extracted building roof information for the whole of Vietnam, and then used
the global urban boundary data mapped based on global impervious surface analysis by Li [52] to
extract the rural areas of Vietnam, and identified these buildings within the area as rural buildings.

The rural population data used in the study were obtained from the 2020 and 2021 statistical

yearbooks of General Statistics Office of Vietnam?®.

2.3. Method

Mask R-CNN is an instance segmentation framework proposed by He in 2017 [53]. This research
is mainly based on the Mask R-CNN instance segmentation framework and uses machine learning
and big data analysis to train a remote sensing interpretation model [54] for buildings, remote sensing
interpretation of building satellite images (including housing and nonresidential buildings) in 63
provinces and municipalities of Vietnam, and completes vectorization work. To test the accuracy of
the model and the results of rural building identification, after selecting rural areas, rural population
statistics were used to test the interpreted rural building quantity data by using the Pearson
correlation coefficient method, and manual verification was supplemented. Finally, we combined

3 Data Sources: https://www.gso.gov.vn/en/data-and-statistics/


https://doi.org/10.20944/preprints202311.0873.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 November 2023 doi:10.20944/preprints202311.0873.v1

Gini coefficient, DEM data, and some data from the Vietnam Yearbook 2021 to analyze the
distribution characteristics of rural housing in Vietnam.

2.3.1. Image Recognition

Example segmentation by Mask R-CNN model can be mainly divided into the following steps
(Figure 2): First, the trained deep-learning model is used for feature extraction. The image is then
input into resnet101 to get the feature map. ResNet 101 [55] is a convolutional neural network (CNN)
for feature extraction that reduces hyperparameters while increasing their complexity and improving
accuracy. After the CNN calculation, the anchor points of different sizes are evenly selected on the
feature map. Calculate the size of the area of Interest (ROIs) for each anchor point and link it to the
original image. This feature map shows a large number of candidate frame locations (e.g., area of
interest or ROI), and it uses Softmax classification to identify the background and foreground of a
given frame. The Region Suggestion Network (RPN) is used to screen out the irrelevant bounding
boxes (BB) from the ROI and classify them into target labels and background labels. RPNS performs
binary classification to identify background and target objects of interest to a certain extent. Then the
bounding box regression is used to identify the true outline of the object. The ROIALIGN layer inputs
feature maps and residual feature maps to generate fixed-size feature maps. The Roialign operation
is a way to improve the efficiency of the ROI pool processing during RCNN feature extraction. It
eliminates pixel offsets caused by the quantization process. Finally, it goes through two branches, the
first for object classification and the second for frame regression. It uses a full join layer and a full
convolutional network (FCN) to generate masks.

Resnet 101, FCN
FPN i i
5 Building Mask | :
Resnet 101,
FPN ’ :
EEs : FC layer I
s FC layer hbox L bbox Lnordmatce
npu i Feat ROI Ali "
Building 1 N:::purc . &
Images L layer
: : soﬁma i
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Figure 2. Mask R-CNN working principle diagram [56].

2.3.2. Model Training

Limited by the difference in image quality in different regions, the effect of the model on
building detection and recognition will be different to some extent, and factors such as topography,
cloud cover, and vegetation will also have a certain impact [57] on the prediction results. In addition,
rural building detection is different from general building detection. The background in rural areas
is complicated, such as the shadow of trees, complex terrain, distance, height, and spectral changes
of buildings, all of which make it more difficult [58] to detect buildings in rural areas.

In this paper, rural housing buildings in East Asia and Southeast Asia were selected as samples
for model training. The reason is that the characteristics of rural houses in Vietnam are similar to
those in these areas. On the one hand, most of the countries in these regions are traditional
agricultural countries like Vietnam, where agriculture has been dominant for a long time in history,
and their rural buildings have the characteristics of traditional agricultural societies. On the other
hand, East Asia and Southeast Asia belong to the Confucian cultural circle, and the buildings of the
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countries in these regions have highly similar cultural characteristics. To ensure the generalization
ability of the model and reduce the influence of different background information on the recognition
effect, 3932 images of rural settlements with different settlement forms and landforms in the model
training stage were collected. The ArcGIS polygon vector editing tool was used to manually outline
the outer outline of each building in the satellite image and assign the building attributes. Then, the
vector files mentioned above were converted into JSON files required by the model training through
Python, and the training labels were finally formed. The training index results show that the average
accuracy, recall rate, and accuracy rate of the model validation set are 62%, 64%, and 72%,
respectively.

In the validation stage of the recognition effect, the study adopts the method of manual
calibration and quantitative validation to carry out a comprehensive test. Satellite images of
representative rural areas in the six major geographical regions of Vietnam with different background
factors such as topography, vegetation, and settlement patterns are manually compared with the
predicted images of the model to check the recognition accuracy of the model under different
background conditions. Finally, to quantitatively test the accuracy of the prediction results, the study
used the Pearson correlation coefficient test on the number of identified rural buildings using the
rural population data of the provinces and municipalities in Vietnam.

2.3.3. Manual verification

The latest provincial administrative division of Vietham consists of 58 provinces and 5 central
municipalities totaling 63 provincial administrative units. The study divides Vietnam into six regions
according to topographic features, geographic location, and level of development: Red River Delta,
Northern Midlands and Mountain areas, Northern Central area and Central coastal area, Central
Highlands, South East, and Mekong. Central coastal area, Central Highlands, South East, and
Mekong River Delta (Figure 3).

Indo-China Peninsula

Geographical division of Vietnam
[0 Red River Delkn
South East
I conteal Mighlands
I Morthern Midtanuy snd Mountain areas
I Northcrn Central ares and Central constal area

Mekang River Deles

150 300 km

Figure 3. Geographical division of Vietnam.


https://doi.org/10.20944/preprints202311.0873.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 November 2023 doi:10.20944/preprints202311.0873.v1

2.3.4. Quantitative testing

Given the coupling between rural buildings and population distribution in traditional
agricultural countries, this study selected the rural population data of provinces and municipalities
in the National Statistical Yearbook of Vietnam in 2021 and used the Pearson coefficient to test the
correlation between rural buildings data and macro population survey data, to measure the accuracy
of data results and the reliability of the case segmentation model.

3. Results

3.1. Results of rural buildings extraction

Through remote sensing interpretation and elimination of rural buildings within urban built-up
areas, the study successfully identified about 28.6871 million rural buildings (Figure 4), and the
average density of rural buildings in Vietnam is 87/km?. The total area of rural buildings is about
2.492 billion m?, and the per capita area of rural buildings is 40.97 m2.

Number of rural buildings
o 3547

- I
0 160 200 km
I

iy

Figure 4. Patterns of rural buildings in Vietnam.
3.2. Date verification

3.2.1. Manual sampling verification

To verify the accuracy of model prediction under different background information, a total of
20 sets of satellite images with different background information such as terrain, vegetation cover,
settlement form, and shooting time in six regions were selected for manual comparison and screening
with the corresponding model prediction vector data, and typical regions were selected for effect
display (Figure 5).

Altitude and latitude are two key geographical factors that determine settlement density.
Latitude influences climate differentiation, while elevation is linked to topography and
geomorphology complexity. Different combinations of these factors result in variations in housing
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layout, land cover, and land use between regions, ultimately affecting forecast outcomes. To verify
the model's prediction effectiveness, this study conducted manual verification using terrain and
latitude as the main variables. Thirty groups of regional satellite images were randomly selected from
six regions, with a focus on plain (Figure 5a—c) and mountainous terrains (Figure 5d-f).
Corresponding vector data were also compared. In total, 158 buildings were examined, with nearly
zero architectural misidentification and a recognition error rate of less than 0.1%.

The manual verification results show that different background information has little influence
on the prediction results of the model, and the recognition model used in the study has a high degree
of generalization and accuracy (Figure 5). The identification model can not only accurately identify
the grain-scale rural housing data under the influence of different terrain, dimensions, land cover,
and shooting time, but also directly reflect the typical characteristics of regional settlement forms.

After a manual inspection of 20 groups of samples from 5 combinations, a total of 158 missing
buildings were screened out, and almost none of them were misidentified. The manual check results
show that different background information has little influence on the prediction results of the model,
and the recognition model used in the study has a high degree of generalization and accuracy.

Location: Red River Delta Location: Mekong Delta Location: Northern Central area

Density . 477 Buildings / km? Density: 188 Buildings / km? ~  ity: 92 Buildings / km?

d e _ - f

2

Location: South East Mountain areas :ation: Central Highland“ Location: Northern Mountain areas
Density: 190 Buildings / km?* 1sity . 45 Buildings / km? Density: 79 Buildings / km?

Figure 5. The effect of rural building recognition varies under different background information.

3.2.2. Correlation testing

After calculation, the Pearson correlation coefficient between the number of rural buildings in
the provinces and municipalities identified in the study and the rural population in the provinces
and municipalities of Vietnam in 2021 is 0.91(Figure 6).
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Figure 6. Comparison and analysis of recognition results and macro statistical data.

The correlation coefficients are all significant except the South East region among the six major
geographical regions. The correlation coefficient between the number of agricultural population and
the predicted number of rural buildings is 0.96 in the Red River Delta, 0.97 in the Northern Midlands
and Mountain areas, 0.98 in the Northern Central area and Central coastal area, 0.87 in the Central
Highlands, 0.93 in the Mekong Delta, and 0.40 in the South East areas. The reason for the low
correlation coefficient in the South East areas is that the South East area is close to Ho Chi Minh City,
the economic center of Vietnam, and a large number of people flow into Ho Chi Minh City, which
makes the separation of people and households in the southeast region more obvious [59]. In
addition, from the provinces and municipalities across the country, rural building and population
are also highly consistent, with a correlation coefficient as high as 0.91. According to the manual
sampling verification results of remote sensing satellites and prediction results under different terrain
and ground objects, the phenomenon of missing and wrong identification rarely occurs and has
almost no impact on the prediction results. This remote sensing interpretation work is highly
scientific, and the research results are consistent with the actual situation and statistical data, and the
results are highly accurate and reliable.

Table 1. Test of regional scale correlation coefficient.

Geogrephic region correlation coefficient
Red River Delta 0.96
Northern Midlands and Mountain areas 0.97
Northern Central area and Central coastal area 0.98
Central Highlands 0.87
South East 0.40
Mekong River Delta 0.93

Note: Rural population data from the National Statistical Yearbook of Vietnam*

3.3. Analysis of rural buildings distribution

Based on the valid interpretation of the rural building data of 63 provinces and municipalities,
the paper analyzes the distribution of rural buildings on three scales by taking the whole country, six
major geographical regions, and provinces as units in turn.
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3.3.1. Analysis on national scale

On a national scale, the distribution of rural buildings is generally uneven, with more in the
north more in the south, and less in the center. Generally speaking, places with flat terrain and
sufficient water supply are suitable for agricultural production areas. To obtain long-term fixed land
resource use rights, farmers will spontaneously build their buildings in this area, thus forming a
certain density of rural settlement landscape. The terrain of Vietnam is high in the northwest and low
in the southeast, with about 3/4 of its territory being mountainous and highland. The northern and
northwestern parts of the country are highland and mountainous, the central part of the country has
mountain ranges running north and south, and the two major deltas are the main plains in the
country. Therefore, rural buildings in the northern region of Vietnam are mainly distributed in the
plains with Hanoi as the core, rural buildings in the southern region are mainly distributed in the
plains of the delta with Ho Chi Minh City as the core, while rural buildings in the central region are
mainly distributed in the coastal plains, with a clear phenomenon of regional clustering in the
distribution of rural buildings.

3.3.2. Analysis on regional scale

The Red River Delta comprises 20.5% of rural structures, occupying just 6.4% of the land. It has
the highest density of rural buildings, with 477/km2. Moreover, the Gini coefficient is impressively
low at 0.13, suggesting a uniform and densely distributed arrangement of rural buildings in the area
(Figure 7a), Meanwhile, the region is among the first echelon. The South East and the Mekong Delta
areas are in the second echelon. The density of rural buildings is 190/km? and 188/km? respectively,
and the Gini coefficient of rural buildings density in the areas is 0.17. The distribution of rural
buildings in the South East and Mekong Delta regions showed obvious regional concentration
characteristics, with the high-value area mainly appearing in the vicinity of Ho Chi Minh City (Figure
7e). The number of rural buildings in other regions was more evenly distributed, the density was
small, and the Gini coefficient was small. The Mekong Delta is the main rice-growing region in
Vietnam, known as the "land of fish and rice" in Vietnam, and the most of rice production in the
country comes from this region [60]. Due to the developed agricultural economy, the high proportion
of the rural population in the region and the developed smallholder peasant economy has led to
large-scale rural building construction activities. From the satellite pictures, it can be seen that the
southwestern area of Ho Chi Minh City is densely covered with farmland, with developed
agriculture. A large number of rural buildings are built around the farmland, showing a grid
distribution pattern of "field" font. Therefore, the segmentation effect formed also restricts the further
agglomeration of rural buildings.

Northern Central area and Central coastal area, Northern Midlands, and Mountain areas are in
the third echelon, with the density distribution of rural buildings being 92/km? and 79/km?. Northern
Midlands and Mountain areas account for 28.7% of the country's total land area. The terrain in the
region is mainly mountainous and hilly, with large relief and small plain areas. The rugged
mountainous terrain leads to a greater concentration of agricultural production in the gentler
intermountain and river valleys and a small number of plain areas, so rural buildings are mainly
distributed in the intermountain and river valleys or small basin areas. The high value of the number
of rural buildings is found in the Red River Delta and the nearby plains (Figure 7b), and there are
obvious regional differences in the distribution of rural buildings, with a high Gini coefficient of 0.47
for the density of rural buildings. In the Northern Central area and Central coastal area, the high
value of the number of rural buildings is mainly distributed in the coastal plain in dots and patches,
and the rural buildings are mainly distributed in a north-south strip, with obvious east-west
differentiation (Figure 7c). The Gini coefficient of the density of rural buildings in the region is
relatively high, which is 0.40.

Central Highlands are in the fourth echelon. The density of rural buildings in the region is
45/km?, accounting for 16.5% of the land area, but the number of rural buildings only accounts for
6.9% of the country, the lowest density of rural buildings in the region. The rugged terrain and less
agricultural production land lead to a sparse distribution of rural buildings on the whole. The terrain
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and landform dominated by mountains and plateaus make rural buildings present a linear cluster
layout along the foot of the mountains and the main transportation lines (Figure 7d). Therefore, the
Gini coefficient of the density of rural buildings in this region is not high, which is 0.3.

Table 2. Basic information and distribution of rural buildings in six regions of Vietnam.

Numberof  Density of Rural population  Gini

Echelon Area rural rural i1 . .
I o (million) coefficient
buildings buildings

- Red River Delta 6496812 477/km? 1.47 0.13
_ South East 2687616 190/km? 7.67 0.17
o Mekong River Delta 5412507 188/km? 1.23 0.17
Northern Central area and 7948074 92/km? 831 0.47

— Central coastal
Northern Midlands and = ¢ 0, 5 79/km? 7.95 0.40

Mountain areas
Iy Central Highlands 2040244 45/km? 4.29 0.30

Note: Population data from the National Statistical Yearbook of VietNam?®.
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Figure 7. Map of the distribution of rural buildings in six regions.
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3.3.3. Analysis on provincial scale

Following the end of Western colonial rule and the country's reunification, Vietnam has adopted
a socialist development model. Despite administrative changes, Vietnam has consistently employed
the provincial and municipal system, resulting in 58 provinces and 5 municipalities. On average,
rural building density in Vietnam's provincial areas is 142 buildings/km?, with a Gini coefficient of
roughly 0.47. Rural building footprints average 7,519m?/km?, with a Gini coefficient of 0.46. Bac Ninh
Province has the highest density of rural buildings at 123,363 m?/km?, while Nghe An Province has
the lowest at 1443 m2/km?2. The Gini coefficient statistics and density map of rural buildings in
provincial administrative units (Figure 8) indicate significant variations in the number of rural
buildings across Vietnam's provinces due to differences in natural environmental factors and regional
development levels.

The average density of rural buildings in Vietnam's provinces is 142 buildings/km?2. In 24
provinces and municipalities, the density of rural buildings is above the average, accounting for
about 38%. Among the municipalities directly under the central government, Da Nang has the lowest
density at 63 buildings/km?. In 2021, the rural population of Da Nang will account for about 12.6%.
Due to high urbanization and a low rural population, Da Nang has the lowest density of rural
buildings among provinces and municipalities. On the other hand, Hung Yen province has the
highest density of rural buildings at 547 buildings/km?2. The province is located in the southeast of
the Red River Delta and has a small area. In 2021, the population density of Hung Yen Province will
be 1,381 people/km?, with a relatively high population density, of which 83.4\ % are rural residents.
The province's flat terrain, large rural population, and developed small-scale peasant economy have
led to large-scale rural building construction activities, resulting in a high density of rural buildings
in the region. In contrast, Lai Chau province has the lowest density of rural buildings at 16
buildings/km? among provinces and municipalities. The province is located in the northwest of
Vietnam and has mainly mountainous terrain, with a population density of only 53 people/km?. The
rugged mountainous terrain results in a low population density and low level of development,
making rural building construction rare.

Overall, the distribution characteristics of rural buildings in the provinces of Vietnam align with
the population distribution pattern, which is characterized by "more in the north and south, less in
the middle, more on the east coast, less in the west" [61].
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Figure 8. Distribution map of rural buildings density in Vietnam provinces.

4. Conclusions and Prospects

In this paper, Mask R-CNN deep learning technology and remote sensing images are used to
realize large-scale remote sensing interpretation, extraction, and vectorization of rural buildings in
Vietnam for the first time, and a nationwide multi-scale "settlement-town-county" database of rural
buildings in Vietnam based on vector building monomeric buildings is constructed, and the
distribution map of rural buildings in Vietnam with a precision of 500 m is drawn. After manual
verification and cross-verification of the national rural demographic data, the reliability and
generalization ability of the identification model as well as the scientific and accuracy of rural
buildings data are ensured, indicating that the method can effectively make up for the limitations of
traditional rural data acquisition methods, and lay a foundation for the rural research in Southeast
Asia and the construction of basic database.

Based on the statistics of individual rural buildings, this paper calculates the density of national,
regional, and provincial units, and reveals the spatial distribution characteristics of rural buildings
and the characteristics of settlement patterns on three scales. First of all, the distribution of rural
buildings in Vietnam as a whole presents a high-density area with Hanoi and Ho Chi Minh City as
the core. Secondly, the density of rural buildings is highly correlated with regional development
degree and topographic and geomorphic features, with high regional similarity and obvious inter-
regional heterogeneity. Finally, the study found that the distribution of rural buildings is consistent
with the distribution of population, showing the spatial characteristics of "more in the north and
south, less in the middle, more in the eastern coastal area, and less in the western inland area".

Vietnam's national rural buildings database is based on individual buildings with spatial
information, which can be aggregated at multiple scales to realize the measurement of the rural built
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environment at various spatial scales centered on rural buildings in the country, which helps to
overcome the problems of the fault between special and general, overall and local, macro and micro
in rural research. The rural building database has the characteristics of wide coverage, high accuracy,
fine scale, correctability, and complementarity, which can effectively make up for the poor
availability of rural data at present. At the same time, the national rural building database can
integrate social, economic, population, and other multi-source data, increase the integrity of rural
research data, and promote the transformation of rural research from case field investigation to "case
field investigation + global 'computability™ [62], laying the foundation for sustainable research on
urbanization development and urban-rural relationship evolution in Southeast Asia [63].

There are still many improvements that can be made to the data on rural buildings in Vietnam.
Because the average floor height of local rural buildings in Vietnam has not yet been obtained, this
paper only analyzes and explains the number of rural buildings and the base area, and does not make
a detailed prediction of the floor area of rural buildings. The image quality varies greatly in different
regions, and factors such as topography, cloud cover, vegetation, etc. all affect the prediction results
to a certain extent. This paper initially realizes the closed loop of database construction and its
application, proving the feasibility and significance of the construction of rural buildings' databases.
In the future, we will continue to optimize the identification model, improve the database, and further
characterize the distribution pattern and evolution of rural buildings in Vietnam based on spatial and
temporal scales, and cover all the countries in Southeast Asia, to provide reliable and accurate data
support for the study of Southeast Asian regional development.
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