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ABSTRACT 

 

Water uses need to be measured, which is critical for evaluating water stress. The Industry 4.0 via the Internet of Things (IoT) and 

usage of water measurement sensor can provide real-time information on the water flow rate and water pressure, that is crucial for 

water monitoring and analysis. There is a need for online smart water monitoring that gives out more efficient and sustainable water 

uses at Universiti Teknologi Malaysia (UTM) campus. A prototype of an online smart water monitoring for UTM, which was 

developed based on the integration of IoT and Geographical Information System (GIS), consist of four layers; (1) physical layer; (2) 

network layer; (3) processing layer and, (4) application layer. The findings show that when the water flow increases, the water 

pressure decreases. When there is no water flow, the lowest value is 52.214 Psi, and the highest value is 60.916 Psi. The latest 

technology integrating the IoT-GIS for smart water monitoring has shown a very efficient way of providing real-time water 

parameters information, cost and time effective, and allowing for continuous water consumption analysis via the cloud computing 

service. 

 

 

1. INTRODUCTION 

Water is one of the world's most important resources. It has a 

major impact on human life and the sustainable development of 

society. As water is precious to everyone, its availability and 

quality are essential. Thus, water uses need to be measured, 

which is critical for evaluating water stress.  

 

The industry 4.0 era has brought in different innovative 

technologies through other industrial sectors, such as 

manufacturing, water, energy, healthcare, and electronics. For 

example, contemporary Industry 4.0 innovations have been 

deemed ideal for the water sector, and innovative technologies 

are changing the water sector (Micheal Omotayo and 

Telukdarie, 2019). These new digital technologies, such as the 

Internet of Things (IoT), make it easier to collect and analyse 

data from smart water sensors and distribution networks, 

provide more flexibility, and efficient processes to produce 

higher-quality water network monitoring data at reduced costs 

(Verma et al., 2015). Trends show that utilities are increasingly 

taking advantage of Geographic Information System (GIS) to 

map and analyse geospatial data, including water, wastewater, 

and storm drain. Integration of GIS with IoT joins everything 

from sensors, geodatabase, analysis and applications, which are 

useful for water utilities and identifying problems like water 

leaks and pressure drops (Tate, 2021).  

 

This paper will discuss a prototype development of an online 

smart water monitoring system at Universiti Teknologi 

Malaysia (UTM). This paper is organised as follows; Section 2 

discusses the general methodology and data collection used in 

this study; the result and analysis of the prototype system are 

given in Section 3, and Section 4 provides the concluding 

remarks. 

 

 

 

2.  THE METHODOLOGY 

A prototype of an online smart water monitoring for UTM, by 

interconnecting the GIS and IoT, consist of four layers; (1) 

physical layer; (2) network layer; (3) processing layer and (4) 

application layer. 

 

2.1 The Physical Layer 

The physical layer consists of any IoT system such as sensors 

and other data collection devices for sensing and gathering 

information on the physical parameters of the water network in 

the study area. It is the interface between the physical and 

digital domains and converts analogue to digital signals. 

Different sensory devices in this prototype development have 

been used, such as sensor node (model LRWPS-100), water 

flow sensor (model WL-LWGY-20), and water pressure sensor 

(model PCM380), to collect parameters like water flow, water 

pressure, water consumption, and location. Figure 1 shows the 

location of the sensors on the campus of UTM. 

 

 
Figure 1. The location of sensors at UTM campus, Johor Bahru, 

Malaysia. 
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2.2 The Network Layer - Internet Gateway and Data 

Acquisition 

The IoT gateway on the network edge connects the local water 

sensor network and cloud services. It typically takes data from 

local devices and sends it directly to the cloud, where 

information is processed and delivered through web 

applications to users. LoRaWAN is a low-power, wide-area 

(LPWAN) network designed to wirelessly link devices to the 

Internet to achieve bi-directional communication between nodes 

and servers. The LoRa gateway can be represented as a bridge 

between a sensor and a server. Although the gateway has no 

data processing capability, it will gather all the data it collects 

from the nodes and then relays it to the server for processing. 

Data acquisition devices can be used to monitor water flow, 

water pressure, water consumption and location. The sensors 

generate a voltage or current signal at output depending on the 

physical phenomenon being measured. 

 

2.3 The Processing Layer - Data Processing and Data 

Analysis 

A centralised data system is important because it can help 

maintain efficiency by gathering and analysing water parameter 

data. Monitoring and supervision of water monitoring systems 

is the main purpose of this data centre system. Data is gathered 

and sent by the monitoring mechanism back to the data centre. 

The user interface shows water pressure and water flow rate, 

which can be tracked in real-time. At the same time, data 

analysis has been carried out, and the result can be used to 

estimate the water consumption pattern.  

 

2.4 The Application Layer 

In this application layer, the cloud computing system has been 

utilised in assembling the water parameters data and storage. 

Through this cloud system, it provides the opportunity to store 

and share the data anywhere and anytime. The cloud can 

accommodate a large amount of water parameter data, and it 

can be accessed for monitoring purposes via the website and the 

smartphone client. Figure 5 demonstrates cloud computing in 

smart water monitoring for UTM.   

 

 
Figure 5. Cloud Computing in Smart Water Monitoring for 

UTM. 

 

 

2.4.1 Development of Web-based GIS for Sensor Node 

 

Database design is a process of creating database structure that 

fulfils the standards that have been defined based on user needs. 

The web-based information for sensor nodes can be set up to 

provide users with data and allow them to search for sensor 

node information based on their preferences. The database 

design process is divided into two phases: the conceptual design 

and logical design. In this study, there are two spatial entities 

which are land use and sensor node information. An Entity-

Relationship (ER) diagram signifies the real world for users to 

understand the relationship between entities, as shown in Figure 

6. The logical design translates ER diagram to a relational 

database schema database (description of tables), including 

entity name, attribute name, description, and data type.   

 

 
Figure 6. ER Diagram of Web-based GIS for Smart water 

monitoring. 

 

 

2.4.2 Application Interface Design 

 

The application interface is important to allow the website’s 

contents to be correctly displayed. The website's content 

includes the Homepage (main page), Real-time Data, Data, 

Map, and Contact as shown in Figure 7. In general, web 

application was developed using Hypertext Markup Language 

(HTML), Cascading Stylesheets (CSS) and JavaScript (JS) 

technology stack.  

 

 
Figure 7. Application Interface Design for Web-based GIS for 

Smart Water Monitoring in UTM. 

 

 

2.4.3 Web Mapping Application and User Interface 

 

Web mapping effectively publishes GIS data on the Internet and 

makes it available to other users. QGIS2Web tool help to 

generate a web map of the same quality as a map created in a 

GIS.   Fortunately, their available tools that make it simple to 

convert QGIS work to web maps. For example, the QGIS2Web 

plugin may produce a web map from your QGIS project using 
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the OpenLayers or Leaflet libraries. Developing a web map in 

QGIS is the first stage in designing an online mapping 

application.  

 

User Interface (UI) development by using HTML, CSS and JS 

is required to allow end-users to engage with the water 

monitoring system. End users can monitor and analyse trend 

information using elements such as real-time water flow, water 

pressure, location sensor node, and alert system. 

 

3. RESULT AND ANALYSIS 

3.1 Application Interface 

The web-based GIS for smart water network monitoring in 

UTM contained five sections: Homepage, Real-Time Data, 

Data, Map, and Contact. The homepage is the first page that 

appeared when opening the website. Figure 7 shows the 

homepage with information on services. 

 

 

 
Figure 7. Homepage of the Website. 

 

 

The second page displays real-time data for water pressure, 

water flow and device battery power. Again, users can access 

without logging in but can only see the value of water pressure 

and sensor, as shown in Figure 8. 

 

 
Figure 8. Real-Time Data in interval 10 minutes. 

 

 

On the third page of the website, authorised users can access 

these data using a user ID and password. Figure 9 shows the 

main page for authorised users to log in to their accounts. By 

logging into their account, users can use many features of smart 

water monitoring, such as tracking the sensor node, real-time 

data, and setting an alert system. 

 

 
Figure 9. The Main Page for Authorized Users. 

 

 

Figure 10, Figure 11, and Figure 12 show the features that 

authorised users can access. The map section was developed by 

using the QGIS2Web. The widgets on the map include zoom in, 

zoom out, and my location. Figure 13 and Figure 14 shows the 

map of the sensor node in UTM and attribute information, 

respectively. 

 

 
Figure 10. Dashboard for UTM water monitoring. 

 

 

 
Figure 11. Real-Time Data 

 

 

 
Figure 12. Authorised Users Can Set the Triggers for Alert 

System. 
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Figure 13. Overview of Maps of Web-Based GIS for Smart 

Water Network monitoring in UTM. 

 

 

 
Figure 14. Pop-up attribute data for land use and sensor node 

information 

 

 

3.2 Water Flow and Water Pressure Analysis 

Based on three days of water pressure data, the lowest value 

when there is no water flow is 52.214 Psi, and the highest value 

is 60.916 Psi, as shown in Table 2. Based on data from three 

days of water flow rate and pressure, the minimum water flow is 

0.167 litres, and the pressure is 55.114 Psi. The maximum water 

flow is 13.50 litres per minute, and the pressure is 11.63 Psi 

(Table 3).   

 

Water Pressure Value (Psi) 

Minimum 52.214 Psi 

Maximum 60.916 Psi 

Average 57.861 Psi 

Table 1. Range of water pressure value if there is no water 

flow. 

 

Range of 

Water Flow 

Water Flow 

(litres) 

Water Pressure 

(Psi) 

Minimum 0.167 litres 55.114 Psi 

Maximum 13.50 litres 11.63 Psi 

Table 2. Range of water pressure value if there have water 

flow. 

 

Figure 16. Data of water pressure and flow rate in three days. 

Figure 16 shows that when the water flow increases, the water 

pressure decreases. This is the same concept as Bernoulli's 

Principle, which states that as the speed of a moving fluid 

increases, so the pressure within the fluid decreases. 

The pipes' high-water pressure can shorten the pipe's lifespan, 

resulting in minor leaks and a pipe burst. Therefore, it is 

necessary to monitor the water pressure value to avoid pipe 

damage caused by high water pressure. Cayenne myDevices can 

be used to activate a trigger warning if the water pressure is too 

high. In this situation, the greater water pressure can be set to 80 

psi so that smart water monitoring can assist users in extending 

the lifespan of water pipes while also preventing leakage. 

 

3.3 Water Consumption 

Water usage can be tracked in real-time mode and accessed via 

the Internet with smart water monitoring. The water 

consumption patterns show that there was less water usage, 

which can be associated with the COVID19 pandemic since 

fewer students stayed on the campus. Figure 17 shows the value 

flow rate (litres/minute) and the water consumption pattern, 

different every day. 

 

 
 

 
 

 
Figure 17. Data of water flow rate in three days. 

 

 

4. CONCLUDING REMARKS 

By integrating the IoT-GIS, the latest technology for smart 

water monitoring has shown a very efficient way of providing 

real-time water parameters information, cost and time effective, 

and allowing for continuous water consumption analysis via the 

cloud computing service. Nevertheless, the UTM smart water 

monitoring prototype should be further analysed with a long 

period of data collection. 
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