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The groundwater level and weather patterns and climate conditions are several
of the very significant factors which influence the quality of livelihood and the
other activity of the tropical peatland environment. The current method of
groundwater level and meteorological information aggregate build the use of
certain expensive weather station devices, prominent to a lack of vast
monitoring suitable to cost barriers and disturbance in some countries. In this
research, we have developed and implemented a hardware module based on
an Arduino microcontroller and mobile communication, which measures the
groundwater level and meteorological data, including air temperature, air
humidity, and soil temperature, and humidity, rainfall in peatland area. The
data groundwater level is received by a specially developed application
interface running on an internet of things (1oT) connected through a global
mobile system (GSM) communication. In this work, our proposed system is a
model system that can able to generate alerts based on the real-time

groundwater level and data weather as potential peat fire in Indonesia. It
provides online and data real-time monitoring. In this works, we have resulted
in a system to monitor the groundwater level and data weather alert, condition
mapping, and warn the people from its disastrous effects.
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1. INTRODUCTION

The groundwater level and data weather and condition of climate are some of the really important
factors which influence the quality of livelihood and the other activity of the tropical peatland environment.
The current way of groundwater level and data meteorological collection makes use of a high-cost weather
station, leading to a drawback of wide monitoring due to cost constraints and inconveniences in certain
countries. One of the required terms for the accuracy weather is the gain of precision meteorological data.
When the parameter of data meteorological is insufficient, the citizen available information about the prediction
of weather would be inaccurate. A tropical peatland forest is one of the most important renewable natural
resources that play significant roles in human life and ecology. Typical peat and forest fires are natural disaster
phenomena. In recent years, chronic dry weather, quickly expanding exploitation of tropical forests, and the
request for the transformation of forest to farmland has become severe with escalate of peat-forest fire size.
Tropical peat forest fires are also serious disasters in terms of loss of both property and life. In Central
Kalimantan of Indonesia, tropical peat forest fires are mostly anthropocentric.
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The local people and transmigration farmers used fire as an area of small farmland activities such as
land clearance. In the dry season, a few fires have spread of uncontrolled and become wildfires to peatland
areas. The tropical peat and forest fires not only burn the surface vegetation but also the in-ground of peat
deposits more than 100 centimeters under the soil surface. Tropical peat fire happens only in extremely dry
conditions or since the groundwater level has been lowered artificially. Tropical peat fires produce high
amounts of gas toxic and deteriorate air quality the the concentration of haze also causes health problems. We
can see tropical wildfire have many negative effects on human health, economy, environment, and climate.
Tropical peat fire occurs when three necessary conditions are satisfied at the same time flammable material,
oxygen, and high temperature. The source of a tropical peat fire in Indonesia is the activities of local farmers
such as clearance of land and to make fertilizer from ash. In this paper, in Figure 1, our device for measurement
groundwater level (GWL) using an ultrasonic sensor. The sensor installed into the PVC pipe well for
measurement of the groundwater level. The ultrasonic sensor is assembling at the end top of the PVC tube. The
PVC tube is installed underground peat and its end bottom to touches peat soil. The ultrasonic sensor produces
by the electromagnetic wave down in the waveguide tube, is reflected at the water surface, and travels back up
to the ultrasonic sensor at the top of the pipe. The propagation wave of use ultrasonic is 40 kHz to measure the
groundwater levels in this experiment.
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Figure 1. These figures are; (a) Overview ardupeat sensor network, and (b) The well construction for
groundwater sensor

In Figure 2, fires in peatland not burn the surface, however also the underground peat. The condition
of local weather and groundwater level has a necessary influence on potential peat fire. When the groundwater
level drops from 0.5 meters to 1 meter. In this condition is precise to be very dangerous for peat fire.
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Figure 2. Relation tropical groundwater level with potential peat fire
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In hydrology systems such as groundwater level [1]-[3] and moisture of surface peat are important
keys for peat fire-control [4], [5] in tropical peatland. The propagation rate of peat fire on surface peat soil has
an ordinary of 42-155 cm/day and in subsurface peat soil 12-60 cm day. Flaming needs temperature is more
than 500 °C with a duration of more than 20 minutes. As mentioned above, the peat fire starts with overheating
because of weather conditions in peat soil drying [6]. Tropical peat is normally formed from trees, whereas
boreal peat is composed of vegetation and grasses. Suitable to their higher calorific values, peat soil matter is
over combustion as fuels, especially when the condition peat is dry. Some work has been done in this regard.
In [7] the author worked with low-power wireless sensor networks (WSNs) to develop remote monitoring
wetland hydro chemical dynamics still time scales ranging from decades. All sensor network has multiple
devices to monitor groundwater level, precipitation, evapotranspiration, temperature. The WSNs be generated
to report data in near real-time by the internet WSNs application toward real-time data aggregated at the
freshwater resources such as rivers, lakes, or wetlands areas to acquire exact water quality measuring [8].
Meanwhile, a deployment hydrology monitoring system using the application of ZigBee and GPRS technology
is capable to obtain distance hydrology observe such as a river, fishpond, or irrigated area [9]. The sensor
network system is used as an embedded platform to surveillance the freshwater quality, deployed at a spread
of the location in which each sensor node capable of interface with a few water quality sensors. Hydrological
monitoring is an application of ZigBee technology, which has a robust performance value. The author was
developed and implemented to monitor the climate-related to global warming in tropical peatlands, Indonesia.
The SASAME device is mainly composed of the sensor, the data logger, the data communication module, and
the battery system. The author uses the sensors for water depth, moisture tension, and soil subsidence length
of circumference was combined with SESAME-I1I. The device used to the groundwater and ground surface
levels in peatlands, in the river and the dam lake, and the irrigation trees in a plantation in Indonesia [10], [11].

The system has effectively useful to the real-time monitoring of the condition of water temperature
and level of pH in an artificial lake. In [12] the authors worked on developing the design and implementation
of a complete WSN that can be used for a space of a long-time environmental monitoring using loT
applications. The authors worked also in many functions of the WSN is respected: the structure of the WSN,
optimization of the node sensor and gateway for link communication protocols, self-error recovery for the node
operation, the server application reliability and interfacing with 10T applications. The authors [13] worked to
integrate 10T method with big data technologies into a holistic approach for real-time data monitoring and
processing. Using cloud 10T platforms that enable generate web services appropriate for the integration data
on the Internet. The authors [14] proposed the development of an application for precision farming using a
wireless sensor network with 10T cloud platforms that allow web application and real-time communication
data. The authors [15] presented the design of new software and hardware of water monitoring which connected
in a temporal way to the WSN infrastructures. The author using Zigbee protocol multi-hub data communication
for collected data. In this paper, our problem is how to develop for monitoring groundwater level and local peat
climate using low-cost sensor technology.

We have studied some research in the measurement water level for our work. In the system, we have
developed uses ultrasonic sensor measure the water level in the peat soil. We also proposed solutions that easy
to use and low-cost using Arduino based. This system a useful solution for monitoring and peat fire early
warning systems with indicator groundwater level in peat is very lower and soil moisture is drying. In our
system of groundwater and weather monitoring, the environmental data are sent to a computer-based system
through an Arduino board. The many data parameters are simultaneous transmission and finally the process by
an only single channel to show the data on the computer. For collect and record of the data, the stream of data
taken by the sensors is collected in the internet of things (loT) [16], [17] based on the system which
communicates through global mobile system data transmission. Our contribution of this paper is the design,
construction, and implementation of a distributed in-field groundwater level and weather station based on an
Arduino and the internet of things (IoT) in peatland. The device has been designed with useful and effective to
several peatland parameters such as ultrasonic distance for the water table, temperature, humidity, soil
temperature, moisture, and all data real-time send to the internet by a global communication system.

2. RESEACH METHOD
2.1. Study site

In this work, we placement ArduPeat sensor into the experimental field for demonstrating the working
of the system and the groundwater level measurements as shown in Figure 3. The locate device installation
near the small forest campus of Palangka Raya University by a depth of peat soil is 0.5 meters. The length of
the PVC pipe used in this implementation is 1 meter. We get the sampling data from 28 September - 4 October
2019 in dry condition. The sensor data record every 15 minute and directly send to database server by TCP/IP
protocol. The ArduPeat sensor for monitoring and automating the hydrology of the peatland area, Arduino
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mega modules in the configuration were used. They were packaged on a PVVC case with external connectors
for types of equipment and communications. The Arduino microcontroller is used for storing data in a microSD
memory, it is also in charge of microclimatic data acquisition, global mobile system communication. The
devices used in the implementation can be appreciated in the connection diagram in Figure 4.

Figure 3. Placement and installation ardupeat

2.2. The architecture ardupeat system groundwater level monitoring

In Figure 4, our system is specially to build a software development platform and design embedded
in the sensor node. The ArduPeat uses 4-layer methods: sensor layer, communication layer, a layer of the
internet of things, and the user layer. The communication layer based on the GPRS module library, in addition,
to obtaining the kernel in the operating system operates the GPRS module to activation the global mobile
system layer. The internet of things layer based on a cloud system based on Linux OS with a visualization of
the data. The edge of the layer is the user layer based on the above several layers which correspond to the
certain applications of hydrology and climate monitoring systems establish various duty that uses the data
visualization and interface.

Layer 1 Real Time Web

(«l»)
Sensor\
Layer 3 T Layer 4

Layer 2
() — ((cl))) — E —% (p)
uh =] WIFIN k
Sensor GSM Network Internet of Things l etwer
w -
Sensor
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Figure 4. The overview architecture ardupeat system groundwater level monitoring

2.3. ArduPeat hardware
The proposed hardware system of ArduPeat sensor network is shown in Figure 4. Our system is
consisted by the following three parts.
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2.3.1.Communication data

The hydrology data collect and direct send using the GSM network is transmitted to the data receiving
cloud. The database over the Internet by GPRS/3G [18], [19], to perform long-distance data transmission. In
this work, we use AT command delivery data using TCP/IP protocol to the internet cloud network.

2.3.2.Component of sensor

The groundwater level using ultrasonic sensor for measurement of distance [20]. The sensor operation
voltage on 5V DC, operation range 25 Cm to 4.5 m with resolution 0.5 cm. Ultrasonic installation on the top
of pipe. A pipe modification with point every side with distance 5 cm. The station including air temperature,
humidity, soil moisture, soil temperature, rain gauge [21], [22]. In the Table 1, shown component sensor and
function use for our works.

2.3.3.Power of source

Power of source. To optimal ArduPeat device, the performance of energy power the battery shall able
to power the full system for at least 24 hours, without any recharge, and the solar panel must be smart to charge
throughout on the day the energy consumed overnight [23], [24]. The ardupeat has requirements for the energy
battery and the solar panel [25] was determined as 10 Ah and 12 V, 1.2 Amp respectively.

Table 1. Component sensor and function

Component Description Function

Arduino Mega Microcontroller board Manage, arrange and transmits data
DHT22 Temperature and Humidity sensor ~ Record air temperature and humidity
SIM900 GPRS/3G Module Internet communication

Solar Power Manager ~ Solar Controller Power

DS18B20 Soil Temperature Record soil temperature

FC-28 Soil Humidity Record soil humidity
4-20HR-MaxSonar Ultrasonic sensor Record distance

WS-1080 Rain gauge Record rain

sifan Eiel Soil Temperature

Soil Moistore

Temperature & Humidity

ﬁ Rain Gauge

Arduino

Ultrasonic

GPRS Module

Figure 5. The sensor component of ardupeat

2.4. ArduPeat software

In this work, we propose software design for ardupeat sensor network. We develop an application for
component sensor and data communication using the Arduino programming language from the sensor, this
software can record stream the data acquisition and directly send use the internet uses hypertext transfer
protocol (HTTP). After the data from the sensor was uploaded from the ArduPeat connected to a GPRS/3G
module to the cloud server. All updates the data record from the sensors and distribution the parameter in graph
to the users. In this work, the features of the software the user requirement to create every account and dynamic
IP address that contains the different for monitoring the different data records in the system. The flowchart
diagram of the ardupeat system is shown in Figure 6.

Realtime monitoring for groundwater level and local climate based on ... (Rony Teguh)



72 a ISSN: 2722-3221

Arduino inisialisation

v

GPRS Module inisialisation

\ 2

Establish connection to the internetf«€

Send error
message

Is connection
establihed

Generate an [P
address

¥

Fead analog pin
value

¥

Send to GPES module via serial
communication protocol

\

Upload the data to internet

v

Store the data

\ 2

Display the data

Figure 6. Overall algorithm for proposed system

2.5. Web based monitoring application

The real-time web monitoring connects to the database cloud using the internet. The web application
processing of the data in real-time and record of all data and displays the position of the sensor by maps. In
this web application for collect and store of data using MySQL Database and PHP language. The web
application consists of a show for the information gathered from the sensor network. In this application, users
can select which identity of sensors for shown visualization. The Architecture for the back-end server separated
into 2 main layers.

2.5.1.Interface layer

Covers PHP and Apache web server. In this work, interface layer can handle the function of the HTTP
POST/GET instruction request from server level devices and web application clients. The sensor delivers to
the cloud server using the PHP function (insert) and requests data from the database layer with insert and
fetches function respectively (see Figure 4 in Layer 1).

2.5.2.Database layer

Our web application using the MySQL database server. The main function to store data received by
the insert function and provide data in response to the fetch command (see Figure 4 in Layer 3).

The web application displays all the ArduPeat station on the web application. The local weather
parameters accumulate at local ardupeat devices be sent to a database server, permit users to access real-time
data from the ardupeat sensor. The user can access and view every time dynamically generated graph for
changing local weather, such as temperature, humidity, soil temperature, soil moisture, rainfall, water level
stored in the database server as shown in Figure 7. These systems, overall diagram of the system database and
web application in Layer 3 and Layer 4 in Figure 4 as data synchronize to visualize the value data.
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Figure 7. Dashboard for monitoring and weather data visualization

3. RESULTS AND DISCUSSION

In this work, we collect six parameters namely soil temperature, soil moisture, rainfall, air
temperature, and groundwater level are record using the ardupeat sensor. Our device is connected to a real-
time MySQL database for collect and store sensor value. In our experiment starts to get the sampling data from
28 September — 4 October 2019 in dry condition. The device sensor record and sends data every 15-minute
using GPRS/3G network and collect into a database with different parameters.

3.1. Measurement groundwater level

In this work, every sensor sends data local weather and water level with depth position. The key to
control of peat fire is groundwater level and rainfall is very important as an alert for potential peat fire. The
data groundwater level decrease toward 0.5 meters, this system provides alarm as an early warning system.
The ultrasonic sensor prepares an operation range 25 cm to 4.5 m with resolution 0.5 cm measurement distance.
The sensor ready to serve on an ultrasonic module that contains a transmitter, receiver, and control circuit. The
ultrasonic sensor delivers a high-frequency propagation wave using frequency 40000 Hz, and ultrasonic can
the measure estimation of the echo received between signal transmissions from the pin trigger and receiving it
back to the echo which forward determines the measurement distance to water.

The groundwater level measured distance using the ultrasound sensor and the groundwater level is to
record into the web application as shown in Figure 7. We start to collect data on 1 October 2019, the water
level condition is high around 28 Cm in the peat after rainfall 28 -29 September 2019. We can see the relation
with peat fire, the position of water level is 28 Cm in Figure 1 in the category safe when the dangerous peat
fire in-depth 0.5 meters water level. It occurs since at the time of sampling the water level, the peat soil was
rain and the soil temperature be cold. Figure 8 shows there was a fluctuation in the water table level in the
peatland it is correlated to rainfall conditions at this location during the observation period. In common
conditions, the generic pattern of groundwater level dynamics is rather stable throughout the year. The water
table level at this site rose in response to high rainfall intensities. In the local hydrology area is known to
strongly influence peat decomposition.
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Figure 8. Fluctuation in the water table level (a) Groundwater level and (b) Rainfall

3.2. Measurement air temperature and humidity

Figure 9 shows the condition air temperature and air humidity near the location of the peat. As shown
in Figure 9(a) the air temperature ranged from 24-40 °C. The pattern of air temperature was relatively stable
from September to October. In contrast, in early September the air temperature was quite high. Meanwhile, the
pattern of air humidity in early September in decreased along with the increasing air temperature.
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Figure 9. (a) air temperature and (b) air humidity

3.3. Measurement soil temperature and humidity

Figure 10 shows soil moisture and soil temperature. We found the fluctuation of soil moisture in
different months, with ranged 7-26%. Meanwhile, the soil temperature ranged from 26-34 °C. It means that
environmental factors have an effect on it. The soil temperature and humidity are important in peat areas as a
control of a weather environment. When the level of drought is high, the potential for the fire will be easier to
trigger.
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Figure 10. (a) soil moistore and (b) soil temperature

CONCLUSION
Our analyses of monitored environmental factors show that the real-time measurements by using this

equipment many data were collected and could send to a computer-based system through an Arduino board. In
this work, we can record and information display the local weather and condition of groundwater level by
ardupeat sensor. These are prototype low costs especially monitoring groundwater level in the peatland
environment. Our system built the development of low-cost sensors and open-source hardware refers to provide
real-time groundwater level measurements at the peat. In this work, data results establish that with consistent
calibration the prototype can maintain accurate results over an extended period of time. We conclude the
prototype is useful for measure local climate in peat to recommend long-term groundwater level measurement.
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