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Abstract. Rapid urbanization and increasing population come with the increased extraction
and use of groundwater resources. To track the effect of these activities on groundwater level
and quantity, a system for real-time monitoring is devised. In this paper, we present a software
system design that enables a locally-developed groundwater level and water quality monitoring
hardware setup to gather water quality parameter data, send it to a cloud server, and present
organized data for better visualization. The hardware setup consists of an Arduino
microcontroller. Upon deployment, the hardware setup is linked to an Android application that
connects to the web-based platform.

1. Introduction

The bulk of the water supply in the Philippines is groundwater [1]. Based on the water rights granted
by the National Water Resources Board (NWRB), 49% of groundwater is consumed by the domestic
sector, and the remaining percentage is shared by agriculture, industry, and other sectors [2]. Due to
the growing population in the country, the demand for water surges, resulting in a continued increase
in the extraction of groundwater [1]. With almost half the population relying on groundwater for
drinking [3], it is imperative that constant monitoring of groundwater level and quality be
implemented. Other near-real time monitoring systems with data visualization utilizing different
water-pertinent sensors had also been developed to monitor rain, flood, rivers, and sea levels [4][5][6].

The Groundwater Management Plan (GMP) project seeks to provide accessible real-time water
level and quality data from various monitoring wells located all over the Philippines. This data can
guide policymakers in making informed decisions regarding groundwater use and regulation [7].

To better provide meaningful data to various stakeholders, the goal of this paper is to develop a
software system that would assist the project in delivering real-time water level and quality data. This
is to be done by (1) developing a program that would enable the designed hardware setup to perform
data calibration, gathering, and transmission of groundwater quality and quantity parameters, (2)
setting-up a cloud service that stores the data transmitted by the hardware, and (3) coming up with an
avenue to visually showcase the data gathered by the deployed system [8].

2. System Design

The general framework for this paper focuses on the sensor node (sensor control box), cloud server,

and data dashboard through a web-based platform. The interaction, as shown in Figure 1, follows a

flow starting from the sensors to the box, then to the cloud service, and finally to the visualization

component. While not integral to the hardware setup, a supplementary Android application comes

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



ICERIA 2020 IOP Publishing
Journal of Physics: Conference Series 1803 (2021) 012007  doi:10.1088/1742-6596/1803/1/012007

handy when calibrating or debugging the hardware system. Similar systems have also been developed
with data visualization presented to either an existing open- or an exclusively- developed platform

[91(10][11].

L) Go

Service

Sensor
Control @
Box —=
/h Sensors
- pH
= Depth
e
» Temperature -
AN Electrical Conductivity S
Sensors & Data
Control Visualization

Figure 1. General Software System Design.

2.1. Sensor Node
The sensor node program is in the Arduino language. This is in line with the use of the Bluno Mega
2560 as the microcontroller dedicated to data gathering and transmission.

After calibration, the node gathers and transmits, at an hourly rate, the following parameters: pH
levels, Temperature in Celsius, Electrical Conductivity (EC) in micro Siemens/centimeter (puS), Total
Dissolved Solids (TDS) in parts per million (ppm), Salinity in practical salinity unit (psu), static water
level (SWL) in meters below ground, and battery reading in volts.

The data transmission from the node to a cloud server is done through a GSM/GPRS module. To
utilize the module, a library is compiled based on the GPRS library so that the methods relating to data
transmission can be called by the main Arduino program. This library has the capability to flush the
stream data, and send it over HTTPS reliably.

2.2. Android Application

The Android application is coded in Android Studio 3.4 with Gradle as the build tool. The creation of
an application serves as a convenient feature to access the microcontroller for calibration and
debugging.

The application is capable of sending commands to the microcontroller and receiving data through
serial communication at a common baud rate. Taking into full consideration the microcontroller’s
specifications, the serial communication may be established using Bluetooth connection or via USB
On-the-Go (OTG).

2.3. Cloud Service

Serving as the bridge between the sensor node and the web-based platform, the cloud service is where
the data from the hardware setup is archived and accessed for display through REST APIs. The cloud
also houses the following information about a well site where the sensor node is deployed:

Sensor node ID

Site name, address, and area

Latitude and Longitude

Well’s as-built SWL

Installation date

There are two types of tables that are kept in the cloud — a table for storing the information on a
well site, and a table for storing all the data transmitted by the sensor node.
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2.4. Web-based Platform

The web-based platform ensures better and useful presentation of the data for the general public. There
are two ways to access the platform — privately and publicly. The private access is used mainly to
track the regular and consistent data transmission and, thus, requires a user account to access. The
public access caters more to the general public and displays a simplified and/or graphical data
presentation.

The platform is built on PHP-Laravel, a web application framework designed to provide tools for
common tasks in web projects such as authentication, routing, sessions, and caching. In fetching the
APIs generated, Promise and Fetch API interface is used. Fetch allows a program to make network
requests, similar to XMLHttpRequest (XHR). One of the main differences is that Fetch uses Promises,
which provides a way to avoid callbacks. A Promise is an object that represents the response state
(pending, fulfilled or rejected) of an asynchronous function.

3. Program Design

3.1. Sensor Node

The Arduino sketch for the sensor node can be divided into three function blocks: (1) calibration, (2)
data gathering, and (3) data transmission. The calibration function runs only once upon booting while
the gathering and transmission of data are executed successively in hourly intervals.

During calibration, the program is designed to be activated upon boot. In the flowchart in Figure 2,
the user is first prompted to choose whether to enter the calibration mode or not. If no action is made
within 20 seconds, the program continues with data gathering and transmission. The calibration
process can be subdivided into five commands: calibration of the (1) pH, (2) EC, TDS, Salinity and (3)
temperature, (4) read mode, and (5) manual mode.

In calibrating the pH parameter, the program will require the user to submerge the pH sensor to
three (3) different pH solutions (e.g., pH 7, pH 4, and pH 10) consecutively. The program is designed
to continuously read the analog voltage from the sensor. While still submerged in a corresponding pH
solution, once the sensor readings have stabilized, the user can press the confirmation button to accept
the calibration value. The last analog reading shown is used as the base value for the pH value of the
solution.

In calibrating the EC, TDS, and Salinity, the program will require the user to record the reading
from the EC sensor at a dry surface and when submerged to 1,440 uS and 12,880uS solutions. The EC
sensor comes with a circuit that is able to calibrate the EC, TDS, and Salinity by following the
required procedure.

Calibration Mode

ENTER
CALIBRATION
MODE

ENTER MODE

MANUAL

MAIN PROGRAM MODE

READ MODE

CALIBRATE
PH

CALIBRATE
TEMPERATURE

CALIBRATE
EC

ESC BUTTON
PRESSED?

Figure 2. Sensor calibration flowchart.
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In calibrating the temperature parameter, the program will require the user to submerge the
temperature sensor in water at room temperature, at freezing point, and at boiling point.

During read mode, the program displays all parameter readings by the second. This ensures that the
sensors are calibrated correctly before lowering the sensors into the monitoring well. This mode can
also be used to check if the values returned by the sensors are stable.

The manual mode is used for parameters that require user input values such as the sensor node ID
used to distinguish itself from the other sensor nodes in the cloud server. SWL calibration is also done
in this mode by inputting the analog value of the depth sensor at zero depth (not submerged) and the
estimated depth to groundwater to which the sensor will be submerged to.

For the pH, EC, and temperature sensors, nine successive data points are collected. These are then
used to set the median for each of the sensor values. The SWL and battery voltage readings are read
through the ADC of the Bluno Mega and are recorded as outright values.

Data transmission follows after all the needed parameters are read. It starts with the software-based
activation of the GSM/GPRS module followed by a short delay to ensure that the module managed to
latch on a base station. Before transmitting, a local copy is stored on a SD card in the sensor node.
Once saved, the module is then configured in consideration for the network used and standards of
communication. To ensure data transmission reliability, the system takes into account the response of
the cloud server before proceeding. Should the transmission to the cloud server fail, the system tries
again and stops after a predetermined number of attempts.

Upon completion of both data gathering and transmission, the program sets the GSM/GPRS
module to go into sleep mode for an hour and then activates it again to gather and transmit a new set
of data points, as presented in Figure 3.

3.2. Android Application

The Android application consists of a single activity consisting of buttons, a TextView widget, and an
EditText widget as shown in the screenshot in Figure 4. The buttons are used to send commands to the
sensor node, e.g., calibration options. The TextView serves as the display area for the serial
information sent by the microcontroller. The EditText serves as the avenue for user input commands
especially during manual calibration mode.

SETUP SENSORS

MAIN PROGRAM
ENTER :
CALIBRATION NO———>{ SETUP SD CARD
MODE :
YES l
SET MEDIAN
GET 9 POINTS " \
CALIBRATION g POl | “Basepon L|SETUP GSMIGPRS .| WRITE DATATO N [
ol FROMENCH *  COLLECTED > MODULE SD CARD > ATTEMPT =0
POINTS
3
//\\ ¥
SLEEPFORAN |, - DATA SENT SUCCESSFULDY, SEND DATA TO
HOUR B ORATTEMPT = 10 2 cLOUD
~
{ NO »| ATTEMPT = ATTEMPT + 1

Figure 3. Data gathering and transmission flowchart.
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Figure 4. Screenshot from the Android application.

To operate the application, the user must allow the request for permission to use the device’s
Bluetooth API or USB host API, depending on the connection made.

3.3. Cloud Service
Two REST APIs are generated — an API for accessing the well site information, and an API for
accessing the data transmitted by the sensor node.

For the API accessing the well site information, four HTTP requests are created, namely, read,
insert, update, and delete. This API accesses the information table about the sites where the sensor
nodes are located.

Read is a GET request that returns the information on all the well sites in JSON format.

Insert is a POST request that appends a new row in the spreadsheet and requires the necessary
information about the site as parameters. Out of all the parameters, the sensor node ID is strictly
required while all the others may be left blank and be filled later on using the update request.

Update is a PATCH request that lets the user modify any information related to the stated sensor
node ID. All information, except the sensor node ID, can be modified through this request. This
requires the chosen sensor node ID to initially exist in the records before any modifications on the
information.

Delete is a DELETE request that erases all the information related to the sensor node ID specified.
This cannot be undone once invoked and does not affect the other API.

For the API accessing the data transmitted by the sensor node, three HTTP requests are created,
namely, addWell, addItem, and getltem. This API accesses the tables containing the data transmitted
by the sensor nodes.

The addWell is a POST request that lets the user create a table for a specific sensor node. This
request requires the sensor node ID as a parameter. This request is called together with the insert
request of the well site information API.

The addltem is another POST request that is invoked during the data transmission part of the sensor
node program. It asks for the sensor node ID and the data parameter values as input. Once successfully
called, a row will be appended to the specified table.

The getltem is a GET request that returns a JSON format of all the data recorded in a table. To
retrieve the data, the ID of the desired sensor node is needed.

3.4. Web-based Platform
The private platform has three pages that presents the data to the user, namely, Summary Page, View
Site Page, and Add Well Site Page.

The Summary Page shown in Figure 5 displays a data table containing all the information about the
sites. There are also cards that show information such as, the total number of sensor nodes deployed,
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total number of areas/provinces the sensor node is deployed, and the current date and time. This
Summary Page allows the user to modify any information about the site and to delete a site from the
records.

On the View Site Page, the user can view and download all the data points transmitted by the
sensor node in graphical and tabular format. In the screenshot of the page in Figure 6, the information
about the selected site is displayed. To view all those details, the user has to first select which sensor
node to view. This page allows the user to modify any information about the site selected.

On the Add Well Site Page, the user is presented with a form in which they have to fill in the
necessary information about a sensor node. A screenshot of the page is displayed on Figure 7.

HAME

ite
o

Figure 5. Screen capture of the Summary Page.
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L
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Figure 6. View Site Page: (a) full screen at first look; (b) left side; (c) right side.
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Figure 7. Screen capture of the form from Add Well Site Page.
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The public platform, on the other hand, has two pages that showcase the data to the user, namely,
the Site Location Page and the Dashboard Page.

On the Site Location Page are the locations of the sensor nodes. Google Maps API is used in
providing the maps and the markers for the ground well sites. A screenshot of the page is shown on
Figure 8. On this page, the user can see more site information by clicking on the marker itself or by
selecting the site name through the dropdown button on the upper left of the screen. An example of
what the user can view upon selecting a site is shown on Figure 9. The information window contains
the following details:

e The ground well site name and location

e The latest SWL reading

e The timestamp when the sensor node last sent a data
o The picture of the site itself

On the Dashboard Page, the user can view a graphical representation and a table of the data
received from the sensor node. Figure 10 shows a screenshot of the page. The user selects which site
to access through a dropdown option. Once a site is selected, the user can navigate through the tabs to
select which parameter to view. Each tab shows a short description of the parameter aside from its
graphical representation of the data. By default, the daily average reading is displayed, but the user has
the option to view the weekly and monthly average of the data transmitted by the sensor node.
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Figure 10. Dashboard Page: (a) full screen at first look; (b) left side; (c) right side

4. Results and Discussion

There are currently 20 sensor nodes deployed across 6 areas in the Philippines each continually
transmitting data at an hourly rate. Before submerging the sensors, the calibrated values are cross-
checked with tools that can measure the parameters needed. The Android application makes the
calibration and testing process easier to carry out since it eliminated the need to open the casing just to
connect the microcontroller physically to a laptop. This fully utilizes the Bluetooth feature of the
microcontroller.

The cloud service employed for this project synchronizes with the Philippine time zone. This is
crucial in recording the data timestamp from the deployed set-ups. The use of the cloud services
provides convenience by eliminating the task of maintaining a physical server.

The web-based platform can be accessed at https://admuwater.com. Its overall design is simple and
easy to navigate through. It is also mobile responsive. However, it is strongly recommended to view
the graphs on devices with relatively large screens. The graphical view is especially useful in
observing the trend of a groundwater well’s historical activity. One such instance is when noting the
difference in the water level of a well site between summer and rainy seasons. In that instance, as seen
in the graph on Figure 10 (c), the water level in one of the well sites is lower from March to May
(Philippine summer season), but starts rising in July (which usually marks the beginning of the
Philippine rainy season).
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5. Conclusion

A software system that can assist the GMP project in delivering real-time water level and quality data
to the public has been developed. The software system consists of a sensor node program, an Android
application, a cloud service, and a web-based platform.

The sensor node can perform data calibration, gathering, and transmission. Calibration is prompted
to the user at initialization and is optional while the data gathering and transmission are repeated
hourly. An Android application is developed to provide ease of use in accessing the sensor node.

The cloud service houses all the information about the well sites and the data sent from the sensor
nodes deployed. The web-based platform presents the data to a user in graphical and tabular form. In
this age where technology continues to advance at a fast rate, it is recommended to regularly keep
track of the system for hardware and software updates especially with the tools and libraries utilized.
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