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Abstract - Domestic and overseas water resource management and supply and demand systems are maintained as integrated 
management systems, which are not IoT based systems, so that citizens cannot participate in water supply in regions and 
predictive information cannot be provided. Therefore, a problem in the systems that limited technologies are maintained so that 
integrated information according to water management system infrastructures cannot be identified bilaterally is presented. In 
the contemporary society preparing for the 4th industrial revolution based on hyper-connected society, the convergence of 
smart water grids and IoT based water management systems can be applied as a keyword that can suggest a new paradigm in 
the water resource field. Therefore, to solve these problems, this study will present a transmission model design that will 
efficiently transmit measurement data accumulated in diverse environments utilizing the low power Bluetooth sensing 
technology to enable water management systems to identify the data in real time with analytical monitoring. 
 
Index Terms - Water resource, Big Data, Internet of Things, Bluetooth Low Energy, Smart Water Grid. 
 
I. INTRODUCTION 
 
The Smart Water Grid Research Group of South Korea 
is conducting studies to introduces the water welfare 
state through the realization of the construction of next 
generation water management infrastructure systems 
with a view to constructing state-of-the-art ICT based 
smart water grid to cope with climate change, form 
water management and supply networks, and well 
utilize the limited water resources. Therefore, based on 
the formation of a smart city, in this study, an 
integrated platform for water management was 
developed through intelligent water resource securing 
technology for utilization of water resources in new 
cities, intelligent watershed management platform 
technology for optimal utilization, and smart water 
grid customized ICT based water information 
management technology to apply a test-bed and derive 
a study outcome of constructing actual systems. The 
measurement data collected through the test-bed have 
an immense information value. Although data types 
are generally divided into regular data and unstructured 
data, the back-up data secured by the Smart Grid 
Research Group include structured data such as the 
measurement data from Yeongjongdo retarding basin 
selected as a region to be applied with complex type 
systems, Yeongjongdo's daily living, industrial, and 
agricultural water demand quantities calculated and 
hydrologic data applied to climate change scenarios. 
These water resource measurement data are 
transmitted to the database server through diverse 
measuring instruments, and out of the accumulated 
data, only meaningful data are classified and utilized as 
the value of analysis [1] [2]. The repository of 
analytical data is managed by the integrated platform, 
and performs monitoring through application programs 
[3] [4]. However, in the case of such integrated 
management systems, data can be accessed only by the 

administrator, and no bi-directional system that will 
enable general citizens to be provided with regional 
water supply information has been prepared. 
Therefore, systems that do not fit the current IoT-based 
paradigm for establishment of a super-connected 
society in the fourth industrial revolution. Future water 
information systems should bidirectionally provide 
data on the basic elements of water supply such as 
water level flooding information, real-time water rate 
information, and water usage information to clients. 
On reviewing advanced cases of water management 
system development, it can be seen that in the case of 
measurement data, such development focuses on the 
management and classification methods and 
utilizability of exponentially growing historical data. 
Such data are shared for provision of diverse services. 
Therefore, in this study, an IoT-based water resource 
measurement data transmission model platform design 
which will enable providing basic water information to 
not only stakeholders of integrated water management 
systems but also general citizens utilizing beacon 
sensors based on the data managed by smart water 
grids will be proposed. 
 
II. RELATED WORK 
 
A. Present situation of domestic water level data 
management 
Climate, flow rate, and water level data, which are 
representative water resource information, have been 
recorded since the 1910s and full-scale hydrological 
survey projects have been implemented from the 
beginning of the 1960s. At present, most of 
hydrological observations are automatically measured, 
and the magnetic observatories where data were 
recorded on recording paper were replaced with T/M 
so that data are collected in real time. Beginning with 
the river map computerization project from 1999, river 
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related space and attribute information DB 
standardization through the river management 
geographic information system(RIMGIS) followed by 
computerization utilizing GIS, water resource 
information has been diversified to include 
hydro-meteorological information such as 
meteorological observation, radar rainfall, climate 
change, and ecosystems information recently. 
B. Present situations of water resource data 
management by domestic public institution 
Water resource related information systems by major 
public institution include the Water Resource 
Management Information System(WA\-MIS), Water 
Management Information Networking System(WINS), 
River Management Geographic Information 
System(RIMGIS), and Flood Forecasting System of 
the  Ministry of Land, Infrastructure and Transport and 
the Disaster Information Co-utilization System, 
Situation Propagation System, Central and Local 
Government Disaster Management System, and 
Disaster Information DB Center of the Ministry of 
Public Safety and Security [5]. 
The Ministry of Environment has the Water 
Information System, Meteorological Administration's 
Combined Meteorological Information 
System(COMIS-3), and Disaster Prevention 
Meteorological Information System and the Ministry 
for Food, Agriculture, Forestry and Fisheries collects, 
stores, analyzes, processes, reproduces, and distributes 
public data through water resource related information 
systems such as the Rural Agricultural Water Resource 
Information System (RAWRIS) and Rural 
Underground Water Net. 
C. Present situation of overseas water resource 
information management 
As for overseas water resource information 
management, water resource systems are developed 
and applied so that the concept of big data such as river, 
hydrologic, and meteorological data are applied while 
technological, economic, and social systems that have 
become gradually more complicated and more 
mutually dependent recently are utilized together [6]. 
In terms of the improvement of the quality of life and 
sustainable water management, the existing collection 
and analysis of water resource information become to 
have fundamental limitations in disaster prevention, 
responses and restoration force, the promotion of 
linkage with other social systems. Therefore, recently, 
water resource information management that broke 
from the existing engineering approach and is based on 
complex system science utilizing big data has been 
promoted [7]. 
 
III. PROPOSED METHOD 
 
A. Design of a water resource measurement data 
transmission model 
Our proposed model is a bidirectional 
measurement data transmission technique using 
beacon sensing data.Through previous studies and 

test-beds, an IoT based bidirectional water resource 
information model was constructed to enable water 
resource monitoring by users and suppliers for the first 
time in South Korea by linking beacon sensors in 
various regions with intelligent water resource 
management systems utilizing smart water grid demo 
plants in Daecheongdo and Yeongjongdo. 
Yeongjong-do in South Korea is regarded as a region 
that requires more thorough water management 
because water consumption is rapidly increasing due to 
the increase in the floating population and the resident 
population following the development of the 
international airport and the new city and because of 
the condition that it is an island apart from the inland. 
The retarding basins applied with the Yeongjong 
Island Demonstration Plant Project carried out in the 
past by the smart water grid research group are divided 
into a total of three sections: South, East, and North 
sections. This study presented a classification model 
based on the data measured at the facilities in the south, 
east, and the north basins in Yeongjong-do, Incheon. 
 

 
Figure 1.Field survey site in the retarding basins of 

Yeongjong-do, Incheon, South Korea currently in operation 
 
The overall system components of the technology are 
defined as the following process; 
 

 
Figure 2.Block diagram of the water resource measurement data 

transmission model 
 
Step 1. Perform system linkage between measuring 
instruments in various regions linked with the smart 
water grid based integrated water management system 
with low power Bluetooth. 
Step 2. Perform on-boarding setting of location 
information and address systems for the CMS areas of 
individual regions where low power Bluetooth has 
been installed. 
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Step 3. Perform classification to define basic 
identifiers of UUID, major, and minor as broadcasting 
setting techniques to share water resource information 
with clients through beacon sensors. 
Step 4. In cases where general clients are located in the 
relevant range of near-field communication by beacon 
sensors, perform IoT linkage so that water resource 
information data can be transmitted to users' mobile 
devices. 
 
B. Configuration of a water resource measurement 
big data management platform 
The measurement data were collected by obtaining 
water resource data by linking public data and 
sensing data from sensors installed in regions with 
the integrated DB of related organizations and 
constructing a collection repository. The collection 
repository defines classification models according to 
data attributes, and collects and stores the data to be 
transferred to the Data Storage Integration Server, 
which have not been converted or further processed. 
Data necessary to provide services and analyze big 
data were collected from related departments to 
construct a data repository. The types of data include 
structured data and unstructured data. The 
classification model classifies the types of information 
according to the forms of services such as water usage 
data, water supply data, water quality measurement 
data, meteorological and precipitation data and collects 
and manages data based on open statistical data for 
data conversion and extraction. 
 

 
 

Figure 3.Measurement data classification model 
 
C. Communication system for data transmission 
This system supports open standard communication 
protocols to accommodate diverse kinds of data and 
provides standard APIs for collection of open data, 
Incheon Office of Waterworks DB, Meteorological 
Administration meteorological information DB, and 
smart water grid integrated operation center DB. A 
separate fire base was constructed for clients' access 
information to construct networks that enable users to 
receive information transmitted from beacon sensors. 

D. Linkage of beacon sensors with the system 
Beacon sensors transmit data through clients' APPs 
and the beacon status information can be identified at 
CMS. The signal communication status, UUID, Major, 
and Minor of beacons installed at the site can be 
identified through Token ID certification and the 
distances of beacons divided into ‘near, far, unknown’ 
can be monitored in real time with Proximity. 
 
IV. SYSTEM PERFORMANCE EVALUATION 
 
To evaluate the performance of the constructed system 
in the designed model, the accuracy of data and data 
transmission rates were evaluated. Here, the accuracy 
of data was evaluated by measuring the rate of 
malfunctions and wrong data transmission when 
water information data had been transmitted to 
clients through low power beacon sensors. The data 
transmission rate was determined by measuring the 
network delay time of HTTP/S responses and the total 
amount of network payload divided by network 
response MIME type. Whereas the existing Bluetooth 
3.0 hardware has high data transmission speed with 
large battery consumption, the low power Bluetooth 
beacon is based on hardware 4.0 and can minimize 
battery consumption but its transmission speed is lower 
by at least two times. That is, the official transmission 
speed of Bluetooth beacon 4.0 is 1Mbps and the range 
of fluctuation of the speed can vary irregularly between 
backgrounds and foregrounds. Assuming such facts, 
this study focused on data accuracy and network 
delay/response time rather than data transmission 
speed. 
 

 
Figure 4.Measurement of the accuracy of data after 

transmission 
 
In the system constructed with this design model, 100 
repetitive tests were conducted through beacon sensor 
based on three areas in total. When the accuracy of the 
measurement data was tested, all three areas showed at 
least 90% reliability five to seven errors were sensed in 
the test. The errors correspond to cases where results 
are not derived due to delayed data transmission. That 
is, the larger the range of the reception strength, the 
more frequently errors occurred, and the smaller the 
distance between the beacon and the client was, the 
less frequently the data were delayed. 
 

Value Index Performance 
Network response success rate 100% 
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Network payload 46.7KB 
Background median 4.55s 
Foreground median 29.76s 

APP tracking median 0.18s 
 

Table 1.Network delay time/network payload amount of 
HTTP/S responses 

 
The network response success rate of beacon data was 
shown to be 100% and the network payload amount 
was shown to be 46.7KB. The median of the 
background was derived as 4.55s, the median of the 
foreground was derived as 29.76s, and the median of 
APP tracking to the client was shown to be 0.18s. In 
the overall system, the transmission from beacon 
sensors to client APPs was shown to be smooth. 
 
CONCLUSION 
 
In this study, an IoT based water resource 
measurement data transmission model platform design 
was proposed to enable the provision of basic water 
information to general clients too utilizing beacon 
sensors based on the data managed by smart water 
grids. In the case of Korea, despite poor situations such 
as geographically disadvantageous conditions 
including distances to water supply sources different 
by region and disadvantageous environmental 
conditions including draught, efforts have been made 
to improve the regional water shortage conditions 
including the construction of diverse infrastructures 
and local government led efforts. However, to improve 
overall water welfare, diverse user-oriented device 
services are necessary. Since water resource big data 
and IoT based bidirectional water resource information 
system platform was developed though this study in 
order to solve such social problems, infrastructure 
environments are expected to be improved based on 
the water saving technology for water saving and the 

clean water technology for supply of clean water. 
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