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towards the attainment of the smart city
development goals in Thai Nguyen city

Rapid urbanization and urban development must meet the requirements of smart green growth and sustainable
development of Vietnam. Hence, these are the top challenges to be tackled by urban managers. Therefore, urban
management databases must be accurate, relevant, and transparent. At the same time, simple access databases
will enable users to quickly find the information they need. A combination of attribute data and spatial data is a
smart and effective tool. Realistic data, integrated with the Internet of Things, or loT, makes breakthroughs in
the management of urban development by enabling managers and citizens to access real-time data and make
effective urban management decisions. Within the framework of this study, a geodatabase was compiled to
support effective urban management and information accessibility for the general public in Thai Nguyen city. The
database was made in VB.net and later integrated into the Geographic Information System (GIS) to enable users
to access, search, analyze, process, and manage the database information. The database will support decision
making by urban managers. The co-authors’ findings, on factors affecting urban management, show that local
management does limit violations of urban construction regulations. This model will address the main factors
affecting urban management (Community Participation, Information Technology, Law and Communication) and
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1. INTRODUCTION

ublicly available data show that the rate of ur-
Pbanization in Vietnam is 0.5 % higher than it
was last year. Vietnam has 862 cities, including
2 special cities, 22 grade 1 cities, 31 grade 2 cities, 48
grade 3 cities, and all other cities have grades 4 and 5
[1]. Rapid urbanization and development make the
government employ innovative approaches to the
management of urban development. The 2018-2025
project on the sustainable development of smart Viet-
namese cities encompasses the future urban deve-
lopment through 2030 in line with the aforementioned
trend [2]. The urban system of Vietnam has been
quantitatively and qualitatively developing in terms of
scale. However, the process of urbanization, charac-
terized by urban sprawl, has led to air pollution, traffic
congestion, pollution of water bodies, depletion of re-
sources, intensive use of urban land resources and
the deteriorating quality of the living environment [3, 4].
The reasons underlying these phenomena, as pointed
out by numerous researchers, include the poor quali-
ty of urban planning and architecture/urban construc-
tion regulations; under-revised urban planning that
misses adequate technical indicators at central and
regional levels; inadequate human resources and ur-
ban management capacity; insufficient construction
supervision, and an incomplete urban database [5].
Thai Nguyen is located to the north of Hanoi, the
capital of Vietnam, in the centre of the northern moun-
tainous area of the country. In an effort to raise For-
eign Direct Investment (FDI), Thai Nguyen has start-
ed developing the local infrastructure: new national
highway No. 3, linking Hanoi and Thai Nguyen, is al-
ready in operation; it has reduced the time, needed to
reach Hanoi, by more than an hour. By now, Thai
Nguyen has improved its investment appeal among
domestic and international investors, major economic

operators, small and medium enterprises (SMEs).
Many projects have been implemented; they are a re-
markable contribution to the socio-economic devel-
opment of the province. Thai Nguyen has become
a national leader in FDI raising.

Currently, Thai Nguyen is one of the most im-
portant economic centres and locomotives of the
Northern Mountainous region; it experiences rapid
urbanization and vibrant urban economic develop-
ment.

Thai Nguyen has successfully become a sec-
ond-grade city, that provides effective support to the
city of Hanoi, and boosts the development of smaller
neighboring cities. The Government of Vietnam has
chosen Thai Nguyen City as the beneficiary of as-
sistance for its economic growth potential. Tradition-
al surveying methods and land profiles have not
been effective in managing urban scenarios given
the contextual changes in technologies and socio-
economic requirements. What does the present-day
scenario need as a tool that captures, stores, ana-
lyzes, and leads to a feasible solution? GIS is a so-
phisticated tool, processing spatial information and
making a sequential analysis of the physical envi-
ronment by using the attribute data such as Canopy,
Land use, Land cover, Environmental resources,
water supply, sewerage and relevant topology. Gi-
ven the challenges of the modern urban society, ur-
ban planners and managers should apply GIS to
develop “smart cities” which are livable, well man-
aged, safe, and sustainable. GIS will be a helpful
visual tool for effective decision-making in respect
of the issuance of building permits, construction dis-
cipline management and urban planning. Rapid de-
velopment of the Internet, Mobile Computing, Wi-Fi,
Remote sensing, VB.net has brought multidimen-
sional societal changes [6]. These have been
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P> implemented in urban planning and management. The challenges

that the urban management has to tackle include better controlla-
bility, easier access to updated information, appropriate, smart,
and efficient decisions. It is important for the authorities to apply
technological advancements in urban management and urban
planning. Currently, the application of the information technolo-
gy (IT) in urban management is still very limited, especially in Thai
Nguyen as a province, despite the availability of numerous re-
searches focused on the improvement of urban management in dif-
ferent areas and regions [5]. Therefore, the project on GIS applica-
tion in support of urban management towards the development of
smart cities in Thai Nguyen is a viable solution aimed at urban man-
agement improvement.

2. DATA AND METHODS

New urban management trends towards smart city develop-
ment in Thai Nguyen
Sustainable urban development has been a dominant goal,
governing urban management activities. Urban planners and man-
agers can apply the following approach in order to achieve this
goal, which encompasses the following aspects [7]: (1) integrating
a sustainable goal into future objectives; (2) mainstreaming eco-
nomic, social, and environmental sustainability within the frame-
work of urban planning projects.
The effect of sustainable development on urban planning man-
agement can be broken down into the following aspects:
e innovative planning methods, application of the green build-
ing approach, and linking urban planning to urban transport
[8]; besides, the importance of organizing and implementing
urban planning projects should be considered.

the application of information technologies, GIS to support
the management of planning and construction activities in
line with the approved urban development plans. This ap-
proach not only (1) changes the perception of planning meth-
ods that are community-based and participatory for develop-
ing urban areas; but also (2) facilitates the shift from the top-
down urban management to the bottom-up urban manage-
ment as a more competitive and partnership-oriented ma-
nagement model. There is a variety of smart city frameworks
that facilitate the assessment and development of cities.
Smart cities have been classified using six dimensions,
namely, smart economy (industry), smart governance (e-de-
mocracy), smart environment (efficiency & sustainability),
smart mobility (logistics & infrastructures), smart living (secu-
rity & quality) and smart people (education). Many metropoli-
tan authorities have used these six dimensions in a smart city,
that uses a set of factors to measure its success and decide
on further improvements [9].

These initiatives, launched by urban leaders and professional
officials responsible for construction and urban development ma-
nagement, have shown positive signs of urban management im-
provement. The framework, adopted for this study, uses safe, well
managed, livable, healthy, prosperous, and sustainable tools that
employ GIS, AHP (Analytic Hierarchy Process), SQL (Structured
Query Language), VB.net (Visual Basic) to connect the community
and the authorities, manage the urban database and the develop-
ment of a friendly and livable city [10-12].

3. RESULTS

Evaluation of an IT application supporting urban management
in Thai Nguyen city

An IT application supporting urban management in Thai Nguy-
en city has not been implemented yet [11]. According to the results
of sociological surveys, the general public believes that information
technologies are insufficiently used by the urban administration in
the process of urban management; urban residents hope IT will
enable them to solve tasks properly. According to the general pub-
lic, their involvement in and supervision over urban management
have been rather limited.

Such limitations have been scientifically confirmed by the socio-
logical surveys, examinations of reliability, Exploratory Factor Analy-
sis (EFA), and the validation of the multi-variable regression per-
formed to determine the extent of influence of each factor [13-16].

This study shows that an integrated GIS database can facilitate
effective collection, tracking and management of property data by
urban managers in Thai Nguyen city. Questionnaires were devel-
oped to collect data on the items of real estate and their owners in
the study area. The database was compiled in VB.net and inte-
grated into the GIS database. The results have proven that of three
hundred questionnaires used for this study, 250 owners fulfilled
their property-related obligations. The study has clearly shown that
an integrated GIS database ensures a more efficient tracking and
management of planning and construction works in line with urban
development plans. It is recommended to use the proposed GIS
database to track violations in the study area. Also, stringent mea-
sures, representing a combination of awareness generation and
law enforcement, should be taken to make local residents honour
their obligations.

The co-authors have verified the EFA to attain the following ex-
cellent results:

Dependent variable Y, that affects urban planning and con-
struction management in line with the approved urban plans of Thai
Nguyen city (MPC-Management Planning and Construction ac-
cording to urban plans), is shown in the multiple linear regression
equation:

Y (MPC) = 2168 + 0.221 X1 + 0.513 X2 + 0.355 X3 +
+ 0.325 X4. (1)

Dependent variable Y(MPC) depends on 4 independent varia-
bles, including X1 — Condition, X2 — Government, X3 — Participa-
tion and Partnership, X4 — Information technologies and other in-
dependent factors shown in coefficient 0 = 2.168.

X1: A group of Condition (CO) factors, including Sustainable
economic development & Stable political system, Education level,
Urban lifestyle.

X2: A group of Government (GO) factors, including Legal
Framework; Accountability; Transparency & Supervision.

+ X3: A group of Participation and Partnership (PP) factors, in-
cluding Compliance with Law, Propagation and Dissemination of
the Legal system, Public, Sharing, and Advocacy.

+ X4: A group of Information Technology (IT) factors, including
Decision-making Process Improvement, Time and Cost Saving,
Communication [17].

All standardized regression coefficients B are greater than 0; in
addition, B2 = 0.513 > p3 = 0.355 > p4 = 0.325 > B1 = 0.221; thus,
these coefficients marked as X1, X2, X3, X4 have a positive impact
on planning and construction management within the framework of
urban planning. Survey results, indicated as the Government, are
the most valuable factors that influence effective planning and
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construction management pursuant to the approved Thai Nguyen
urban development plan. The current deterrence strategy can
hardly reduce violations since it is only used as a preventive solu-
tion. When people believe they will be caught and punished, they
are less likely to instigate violators. An appropriate level of sanc-
tions coupled with a high risk of being caught is likely to prevent
some potential crimes. So, it is recommended that legislators can
carefully consider the likelihood and severity of punishment as an
effective warning to violators.

4. DISCUSSION

A GIS application in support of urban management in Thai
Nguyen city

Thai Nguyen, being a development centre located north of Ha-
noi, takes advantage of inter-connected regional infrastructures.
Thai Nguyen City, an industrial city currently focused on iron and
steel products, is to be transformed into a city of commerce, ser-
vices, clean industries and high technologies. The goal of Thai
Nguyen is to become a sustainable, modern city by 2035, an ideal
centre of politics, economy, culture, education, healthcare, tourism
and services in the Thai Nguyen province, northern midlands and
mountainous regions of Vietnam'. Thai Nguyen City develops as
a service provision centre of green growth, ensuring harmony be-
tween the economy, natural ecosystems, and social balance?. This
focus enables the city to apply technological advancements in ur-
ban management. Recently, the development of the Internet and
GIS technologies has allowed web-based data sharing by means
of integrating GIS and Web (referred to as Web-GIS) [18]. The

1 Tha twéng Chinh Phu. Quyét dinh s6 1536/QP-TTg vé viéc phé duyét Nhiém
vu diéu chinh quy hoach chung thanh phé Thai Nguyén, tinh Thai Nguyén dén nim
2035. 2014. (Government, Decision No.1536/QD-TTg approving the task of adjust-
ment general planning of Thai Nguyen city to 2035. 2014: Government Prime.)

2 Uy ban nhan dén thanh ph& Thai Nguyén, Thuyét minh téng hop diéu chinh
Quy hoach chung thanh ph& Thai Nguyén dén ndm 2035. 2014, thanh phd Thai
Nguyén (Thai Nguyen city People’s Committe, General explanation of adjustment
general planning for Master plan of Thai Nguyen City to 2035. 2014, Thai Nguyen city
People’s Committe.)

co-authors employed the Web GIS and a Web GIS application [19]
to establish a data system towards more effective management
and information sharing relevant to construction management in
line with the approved urban plans (i.e. building permits and con-
struction work management). More importantly, the use of Web GIS
could bring about tremendous benefits to the urban authorities of
Thai Nguyen city in terms of construction permits and construction
work management [5, 6, 20].

A real-data application integrates all sectors of a smart city’s ar-
chitectural framework [21], including its smart environment, smart
transportation, and smart residential buildings. A satellite network is
used with smartphones, GPS devices, while PCs and other naviga-
tion devices use the Internet to collect data with the aid of semantic
Web technologies. Citizens and managers will obtain information us-
ing Web GIS technologies which have integrated cross-sectional
platforms to assemble, manage, gather, analyze, and visualize spa-
tiotemporal data for the benefit of sustainable urban planning, devel-
opment, and management. The results are often displayed on the
map that highlights areas featuring high to low suitability [22].

The co-authors have developed a software system by integra-
ting SQL and VB.NET [11, 25] into GIS to allow users to access and
search for information, statistical data, and reports that they need.
In particular, the co-authors have developed and benchmarked
spatial data and attributes of an urban planning project; land and
housing information in Thai Nguyen city (the case of Residential
Compound 6 of Tuc Duyen) to establish a uniform framework for the
software systems to be shared by the concerned departments and
agencies; it has spatial and attribute data related to individual land
plots in support of the issuance of construction permits and con-
struction work management.

All data are provided in standard forms and updated to ensure
publicity and transparency. The system is operated by the data-
base, that establishes a relationship between the government and
citizens in terms of law-making and enforcement in relation to plan-
ning and planning management, state funding and protecting the
benefits of the urban population.

The software interfaces are presented on Fig. 1-3.
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Fig. 1. The interface of integrated GIS and VB.net (General land information)
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Fig. 3. The interface of the Web-GIS technology application
5. CONCLUSIONS AND RECOMMENDATIONS The research on “A GIS application in support of urban ma-

nagement towards the attainment of smart city development goals
in Thai Nguyen” is meaningful and essential to Thai Nguyen in pro-
moting their specific regional strengths. The paper addresses new

GIS applications are widely used in Thai Nguyen in support of
urban management aimed at the smart city development. Manage-
ment software can be used by local authorities when the database
system is fully operable. Not only the government and citizens of contributions to the theory and practice of urban management.
Thai Nguyen city will benefit from the use of the software, it may IT applications are used to implement urban management solu-
also be applied by similar localities. tions; they enable users to access information, statistics, and
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reports. The co-authors have developed a software system that in-
tegrated SQL and VB.NET into GIS to enable users to access and
search for information, statistics, and reports.

REFERENCES

1. Nguyén Thj Thuy Hién, Nguyén Quéc Todn. PPP cho phdt trién
dé thj bén vitng theo hudng tdng trudng xanh. Tap chi Xdy dung.
$6 2/2020. 2020; 48-52. (Hien N.T.T, Toan N.Q. PPP for sustainable
urban development towards green growth. Vietnam Journal of
Construction. 2020; 2:48-52.) (vtn.).

2. Quoc Toan Nguyen, Thi Nhu Dao. Smart urban governance in
smart city. IOP Conference Series: Materials Science and Engineering.
IOP Publishing, 2020; 869. DOI: 10.1088/1757-899X/869/2/022021
3. Kamata T., Reichert J., Tumentsogt T., Yoonhee K., Brett S. Ma-
naging Urban Expansion in Mongolia : Best Practices in Scenario-
based Urban Planning. 2010: The World Bank. URL: https.//open-
knowledge.worldbank.org/handle/10986/2464

4. Samra Khan. Sethi Haveli, an indigenous model for 21st century
“green architecture”. International Journal of Architectural Re-
search. 2010; 4(1). B
5. Nguyén Thj Thuy Hién, Tong Thu Huong, Pham Quang Hiéu, D6
Manh Cudng. Tich hgp hé théng théng tin dia ly GIS vdi hé qudn tri
CSDL Access va VB.NET phuc vu cbng tdc quan ly trdt tw xdy dung
trén dia ban thanh phé Thdi Nguyén. Pé tai NCKH, Pai hoc Thdi
Nguyén. 2017. (Hien N.T.T.H., et al., Integrating Geographic Infor-
mation System (GIS) with SQL and programming lan-guageservice
(VB.NET) to service construction order management in Thai Nguy-
en city, in Scientific research projects, Thai Nguyen University.
2017, Thai Nguyen University.) (vtn.).

6. Noroozi M., Khalili M. Design of Smart Urban Lighting by Using
Social Sustainability Approach. International Journal of Urban Civil
Engineering. 2018; 12(4):462-471. DOI: 10.5281/zenodo.1316558
7. Sustainable urban development to 2050: complex transitions in
the built environment of cities, in Urban Retrofitting for Sustainability.
M.E. Tim Dixon, Eames M., Miriam Hunt, Simon Lannon (Ed.). Rout-
ledge, London. 2014; 30.

8. Sarmiento C., Zamorano L., King R., Lobo A., Herrera S., Cler J.
Transit-oriented Development (TOD) Guide for Urban Communities.
EMBARQ Mexico, 2014; 148.

9. Qureshi EM., Rajabifard A., Olfat H. Facilitating urban planning
and management at local level through the development of SDI (case
study of Lahore-Pakistan). 2009.

10. Fusco Girard L., Cerreta M., De Toro P. Analytic Hierarchy Process
(AHP) and Geographical Information Systems (GIS): An Integrated

F'MC-npunoXxeHne pnsa nogaepXkKu
ropoACKoOro ynpasfiieHUs B JOCTMXKEHUN
uenen pasBuTus yMHOro ropopa

B Tan HryeH

BbicTpas ypbaHnsauus n paseuTre ropogos AOSHKHbI COOTBETCT-
BOBaTb TPEGOBAHMSAM Pa3yMHOr0, «3efIEHOr0» PocTa W MPUHLIK-
nam ycTon4MBOro pa3suTtuns BoeTHama, KoTopble 6bInn U OCTatoT-
€A BaXHbIMX 3ajadvamv Ans MeHempKepoB. JTO TpebyeT, YToObI
ropopckas 6asa AaHHbIX 6blna TOYHOW, akTyanbHOW U Npo3pady-
HOWM Onsa ynpaeneHus. B To e Bpemsi Noan OOMKHbI JIETKO Ha-
XOOUTb HYXXHYIO MHGopMaumio. OauH U3 YMHbIX 1 JOBOJSILHO 3¢)-
PEKTUBHBIX MHCTPYMEHTOB — KOMOMHALMS aTpubyToB AaHHbIX
N MPOCTPAHCTBEHHbIX AaHHbIX. KoMOMHauma Mexay peanbHbIMU
JaHHbIMU 1 NHTepHeTom Bewlen (loT — Internet of Things) co-
3[aeT NpopbIB B YNpaBfieHMN FrOPOACKUM pas3BUTUEM, obreryas
MeHeIXepaMm U rpakgaHam JOCTYN K AaHHbIM B peasibHOM Bpe-
MEHW, a rOPOACKOMY YMPaBfEHU0 — MPUHATUE SNMEKTUBHbBIX
peLueHnii. B aTom nccnenosaHum 6bina cobpaHa n co3gaHa 6asa
reofaHHbIX A8 NoanepXKn 3MMEKTUBHOIO yrNpaBieHUs ropof-
CKVM XO35IMCTBOM U 06€eCreYveHns ee OOCTYNMHOCTU ONs XUTenen
ropoga Tan HryeH. Ha ocHoBe cobpaHHOM MHhopMaLuum pyKOBO-
avTenun 6yayT npuHuMaTh pelleHns. basa gaHHbIx 6bina co3gaHa
B VB.net, a 3aTem nHTerpupoBaHa B reorpacun4eckyro nicopma-

spatial assessment for planning strategic choices. International Jour-
nal of the Analytic Hierarchy Process. 2012; 4(1):6736-6744.
DOI: 10.13033/ijahp.v4i1.102 -

11. Nguyén Thj Thuy Hién, Bui Duy Quynh, §6 Manh Cwong. Ung
dung céng nghé WebGis trong quan ly xdy dung theo quy hoach dé
thi tai thanh phé Thdi Nguyén. H6i thdo Ung dung GIS toan quéc
nam 2016. 2016; 844-851. (Hien N.T.T., Quynh B.D., and Cuong D.M.
Application WebGis technology on construction management ac-
cording to urban plans in Thai Nguyen city. GIS 2016 Conference.
2016; 844-851.) (vtn.).

12. Rad L.K., Haghyghy M. Integrated analytical hierarchy process
(AHP) and GIS for land use suitability analysis. World Applied Scienc-
es Journal. 2014; 32(4):587-594.

13. Freedman D.A. Statistical models: theory and practice. Cam-
bridge University Press, 2009; 458.

14. Hair J., Anderson R.E., Tatham R.L. Multivariate data analysis
with readings. New York, Macmillan, 1987; 449.

15. Landau S. A handbook of statistical analysis using SPSS. Chap-
man & Hall, 2019.

16. Tabachnick B.G., Fidell L.S., Ullman J.B. Using multivariate statis-
tics. Pearson Boston, MA, 2007; 5.

17. Friesecke F. Public participation in urban development projects
— A German perspective. FIG working week. 2011; 06.

18. Chakraborty D., Sarkar D., Agarwal S., Dutta D., Sharma J.R. Web
based GIS application using open source software for sharing geo-
spatial data. International Journal of Advanced Remote Sensing GIS.
2015; 4(1):1224-1228. DOI: 10.23953/cloud.ijarsg.109

19. Quinn S. Web GIS. The Geographic Information Science & Tech-
nology Body of Knowledge. 2018.

20. Brown G., Weber D. Public Participation GIS: A new method for
national park planning. Landscape urban planning. 2011; 102(1):1-
15. DOI: 10.1016/].landurbplan.2011.03.003

21. Jain A., Integrated urban design and planning for inclusive public
space and city-region connectivity and efficiency. Communitas Coali-
tion for Sustainable Cities Regions in the New UN Development Agen-
da, Final Issue Paper, 2014.

22. Javadian M., Shamskooshki H., and Momeni M., Application of
sustainable urban development in environmental suitability analy-
sis of educational land use by using AHP and GIS in Tehran. Proce-
dia Engineering, 2011, 21:72-80._

23. Nguyén Thj Thuy Hién, Nguyén Thj Kim Dung. Tich hop hé théng
théng tin dija ly GIS véi hé quadn tri di¥ liéu ACESS va ngén ngir Igp
trinh Visual Basic. Net ho tro céng tdc quan ly quy hoach dé thj tai
thanh phé Thdi Nguyén, Héi thdo GIS toan quéc 2015. Trang 479-484.
(Hien N.T.T. and Dung N.T.K.. Integrating Geographic Information Sys-
tem (GIS) with Database in Thai Nguyen city. in GIS 2015 Conference.
2015; 479-484). (vtn.).

LunoHHyto cuctemy (MMC), 4To6bI NPefoCTaBUTL MOSIb30BATENAM
BO3MOXHOCTb AOCTYNa W Noucka, aHannsa, 06paboTku 1 ynpas-
neHus Hcpopmaumen. BeiBogbl uccnegoBaHus o hakTopax, Biu-
AOLLNX Ha FOPOACKOEe yrnpaBfieHne, NokasbiBalT, YTO MEeCTHOoe
yrnpasneHue, 0eNCTBUTENbHO, UFPAET Posib B OFPaHUYEHUN Hapy-
LLIEHWI FrOpOACKOro cTpouTenscTea. B aTon mogenu paccmotpe-
Hbl OCHOBHblE (haKTOpbl, BAUAIOLLME HA YNpaBieHNe ropoackum
XO35IMCTBOM, KOTOPblE BbISBUNN UCCReAoBaHusA (y4acTtve coob-
LecTBa, MHOPMALIMOHHbIE TEXHOMOMMW, NPaBO U CBA3b), YyY-
LLIeHb! ypaBAeH4Yecke BO3MOXHOCTU NpaBuUTeSIbCTBa ropoaa.

KnroyeBbie cnoBa: [VIC, ropoackas 6a3a AaHHbIX, rpafgocTpo-
UTEJILCTBO, YNpaB/IeEHNE rOPOLACKUM XO3SVICTBOM, YMHbIV FrOpos
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