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. microcontroller and evaluated through functionality, reliability and accuracy.
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1. INTRODUCTION

A reservoir is a natural or artificial storage of water. This can be created by construction of a dam or
excavation in the ground or by conventional construction techniques such as brickwork or cast concrete. It is
primarily used to save, manage, and/or prevent the flow of excess water into specific regions. In addition,
dams are used to generate hydropower. It can also be the source of water in the community [1-3].

Reservoir water level is monitored in order to prevent spillage and dam breaks. It is necessary to
assess the need of opening the spillway gates to prevent an overflow of water from the dam. Having a
monitoring program, especially when real time data are monitored, these problems can be detected early and
alarm the citizens on the current situation of the dam [4,5].

Measuring water level in a flood alert system includes submersible pressure sensor, bubbler system,
shaft encoder, and the latest technology, a non-contact radar level system [6,7]. In most flood alert systems,
rainfall is an early warning trigger to flood events. To measure rainfall, a tipping bucket rain gauge is most
typically used. The tipping bucket rain gauge features SDI-12 output to make integration and
troubleshooting the system rather simple [8]. A side-looking or up-looking current meter may be required to
calculate water flow for monitoring sites that are not gravity fed or may have variable backwater. At these
sites, measuring water level is not sufficient for determining discharge [9-11]. Data indicating a water
velocity change while water level remains fixed can be an important trigger for flood events
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Transmitting and alarming is perhaps one of the most important components of a flood warning
system. There are three primary options available in the complete flood monitoring kit including: data to the
web, ALERTS network transmissions, and point to point data to the desktop [6,12].

Real time monitoring system is essential in our daily lives. It shows accurate and current updates of
what is happening in one place or another. Many fields have been using this system for improving their
services [13,14]. Beneficiary includes the system provider as well as the community. The Department of
Science and  Technology (DOST) and the Metro Manila Development Authority (MMDA) developed a
Water Level Monitoring System (WLMS) that uses ultrasonic sensor device to measure the flood waters in
real time. The information collected is transmitted via SMS to the central server [15,16].

Android application that is integrated with an Arduino-based rainfall monitoring system has the
advantage of recording near real time data compared with the 1-minute interval data gathering of the tipping
bucket [17-19]. The use of android application for the monitoring system of the South-West Integrated
Provincial Transport Terminal showed that the use of android application is functional, reliable, consistent,
accurate, and efficient. Integrating the android application to an Arduino-based water level monitoring
system can provide real time updates that can be helpful to the management of the reservoir [20,21].

The reservoir water level monitoring system needs a public IP address in order to be viewed
publicly. The Ethernet shield will handle the web server capabilities and will not rely on remote server
capabilities [5,22,23]. The role of the DNS name servers maintained by the hosting company is to respond to
a query for a specific domain name with the precise location on the exact web hosting server (using that
server’s IP address) where that domain name, and thus web site, is located [24-26]. One monitoring system
is required per dam as it has a set of different float switches and a camera per reservoir.

The study aimed to develop an Android-based reservoir water level monitoring system, design and
construct the circuitry of the reservoir water level monitoring system, develop an Android application that
will broadcast the current status of dam via photo and data, test and evaluate the performance of the system
and determine the cost of the system.

2. RESEARCH METHOD

The water level monitoring system was enhanced by using an Android application accessed with the
use of internet connection. This provided a remote communication with the system. The methods used in
creating the monitoring system were combined with a microcontroller-based system connected to the camera
and float sensors.

2.1. Design of the Water Level Monitoring System

The water level monitoring system is an Android-based, microcontroller-based system hat is able to
connect to the internet for uploading real time picture and data taken from the camera and float switches.
The system used a microcontroller to handle the camera and web server capabilities with the use of a low
powered controller. This was used to provide a simple and reliable system for the reservoir water level
monitoring system.

The end user will use an Android based application o utilize the reservoir monitoring system.
Android was chosen as the software platform due to its availability and ease of development through the use
of Android studio.

The water level monitoring system was designed to be deployed in the different reservoirs. The
monitoring system requires an internet service within its facility to provide connection for the monitoring
system. The monitoring system is not applicable to all the dams due to need of an internet connection and a
public IP address to utilize the monitoring system. A DNS hosting can be used to provide a public IP for the
monitoring system. However, for evaluation purposes, remote simulation was done to recreate the actual
happenings in the reservoir with the use of CvSU’s public IP address.

2.2. Principle of Operation

The water level monitoring system is connected to the internet port of the CvSU to provide internet
connectivity to the system as well as providing the system its public IP address. The system is turned on and
the microcontroller initialized and set up the IP address, MAC address, gateway, DNS and subnet of the
system. The system will then check the reservoir’s water level status by checking the float switches condition
and simultaneously logging the time and status of the reservoir to the SD card of the monitoring system.
Then the system will then take a picture of the reservoir and save the picture taken to the SD card of the
system. The system will then be available to any clients requesting for the update of the reservoir system
when the user refreshes the Android application. The sampling time of the water level monitoring system
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depends on the water level of the reservoir. This was made to conserve the energy consumption of the
system.

The system is powered through the main AC line and has a back-up power supply using a lead acid
battery that automatically supplies the system in case of power interruption or power failure.
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Figure 1. Water level monitoring system block diagram

2.3. Testing and Evaluation

In the technical evaluation, the system’s reliability and responsiveness were evaluated by the
researchers. The system’s reliability was tested through stress test and continuous operation of the system for
the whole 24 h. The system must be accessible and available throughout the entire reliability test. The
system’s responsiveness was tested through changing the water level of the reservoir and timing the response
of the system to the water level changes. The system’s responsiveness was tested 30 times per water level
condition. In the user evaluation, the user interaction, functionality, reliability and accuracy were evaluated
by the 50 student participants. The results of the evaluation were analyzed using statistical parameters such as
mean, frequency distribution and T-test.

3. RESULTS AND ANALYSIS
This section presents the results of analysis and interpretation of data gathered with the end view of
answering the problem of this research work. Presentation of device and network layout was also included.

3.1. System Description

The reservoir monitoring system is composed of three major hardware parts, namely: the power
supply, system unit and the internet system.

The power supply was made to provide power to the system and provide back-up power in case of
power interruption or power failure (Figure 2). The main system unit was made up of Gizduino 4.1
microcontroller, Ethernet shield, real time clock, RS232-TTL converter, serial camera and float switches. The
microcontroller is the one that process the data to be done. The Ethernet shield [23] provides internet
connectivity to the monitoring system. The real time clock handles the time of the system (Figure 3). The
serial camera handles the taking of pictures of the reservoir with the help of RS232-TTL converter [24] in
order for the microcontroller to process the data from the serial camera (Figure 4). contained within a fixed
housing [25], it triggers the different conditions that changes the reservoir status (Figure 5). The float
switches comprise a magnet contained within a float, as well as a magnetic reed switch

The software part of the system is the Android application. The Android application has three major
parts, namely: splash screen, start screen, and the main activity page.

When the Android application is opened, the splash screen will appear and the picture of the
application will be flashed (Figure 6) and it has a Start button that is clickable that activates the next page
which is the main activity page (Figure 7).
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Figure 6. Splash screen of the Android Figure 7. Start page of the Android
application application

The main page displays the latest picture and status of the reservoir. It has two buttons: refresh and
exit buttons. The refresh button will fetch the latest picture and status of the reservoir while the exit button
triggers the application to go back to the start page. It will show different levels and alerts depending on the
status of the reservoir (Figure 8). The application automatically refreshes every 2 min and loads the recent
picture and status of the reservoir.
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Figure 8. The main activity page depending on the reservoir status

3.2. Reliability of the Water Level Monitoring System

The reservoir monitoring system passed the 24-hour evaluation. The monitoring system broadcasted
the reservoir picture and status. The fully-charged system’s backup battery lasted for 10 h and 14 min. The
system’s backup battery was charged using the same power supply and fully charged for 6 h with 12.60 V.
The whole system consumes 530 mA from the battery. The system unit consumed 170 mA. The biggest
power consumer from the battery was the fan which consumed 360 mA from the battery.

3.3. Responsiveness of the Water Level Monitoring System

The test done by the researchers testing the responsiveness of the water level monitoring system
through triggering the change of water level of the reservoir showed that the shortest response time of the
monitoring system was 25.24 s and the longest response time of the system was 34.93 s (Table 1).

Table 1. Response time from one level to another

ITEM MEAN RATING
User acceptance 452
Functionality 4.42
Reliability 441
Accuracy 4.47
Overall Average 4.46

3.4. Acceptability of the Water Level Monitoring System

The acceptability was evaluated by the researchers with the use of questionnaires that was answered
by the students from different courses. The four major parts namely user interaction, functionality, reliability
and accuracy, respectively. The participants found that the reservoir monitoring system was user-friendly,
functional, reliable and accurate (Table 2).

Table 2. User evaluation results

RESERVOIR WATER LEVEL STD.
STATUS N MINIMUM MAXIMUM MEAN DEVIATION

Normal to Yellow 30 25.24 34.58 28.12 2.18
Yellow to Normal 30 25.88 32.88 29.59 1.63
Yellow to Orange 30 27.39 32.32 29.83 1.36
Orange to Yellow 30 27.93 34.93 29.70 1.37
Orange to Red 30 27.75 32.84 30.56 1.23
Red to Orange 30 28.61 32.62 30.21 1.16
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3.5. Cost Computation
The reservoir water level monitoring system cost P 7,145. The system unit cost P 4,981 and the
power supply component amounted to P 2,164.

4. CONCLUSION

Based on the results of the study, the reservoir water level monitoring system with Android
application can monitor and remotely view the real-time status of the dam using internet. The system
successfully collaborated with the developed Android application. It was able to broadcast the current image
of the simulated dam and its corresponding alert level. Based on the evaluation results, the monitoring system
was found to be user-friendly, functional, reliable and accurate.
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