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This paper presents the design of the Internet of Things (IoT) platform
for real time monitoring and controlling systems of the Intelligent
Green House (IGH) at Politeknik Port Dickson. The implementation of
the existing IGH is operated separately between Green Gardens and
Aquaponics. Therefore, with the emergence of IoT technologies in
recent years, this research proposes a complete solution for data
centralization to ensure data efficiency and sustainability. The new
IGH system consists of integrated sensors with a Long-Range Radio
(Lo-Ra) platform used to send the pH, humidity, turbidity and
temperature value of Aquaponic and moisture value of soil garden to
the IoT platform. The proposed complete monitoring system of IGH
was designed using Laravel that is capable to visualize the real time
data. This paper is focused on the pH value and web page monitoring
and testing. From the results, it is observed that the IoT platform
successfully achieves the goals to display the value of pH and web
application.
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Introduction
A greenhouse (also known as a glasshouse) is a structure with walls and roof made chiefly of
transparent material, such as glass, in which plants acquire regulated climatic conditions to
grow. Greenhouses have very important role in agriculture in all around the world, including
Malaysia. The greenhouse is the advanced facility available in which we can control the
climate to increase plant growth and avoid the effect of season changes on the plants. Inside
the greenhouse moisture, air flow, and light can be controlled, unlike the outdoor farming
temperature. This control gives efficiency to the greenhouses’ production (Akshay et al.,
2012). One of the cultivations in greenhouses is hydroponics. Most of the hydroponic crops
are unsuccessful, mainly due to the lack of nutritional aspects in this production system,
which requires adequate preparation and management of the nutrient solution and the
chemical content of the hydroponics (Anif et al., 2017; Ramkumar and G. Rajini, 2018). The
primary advantage of greenhouse technology is that it is used to protect the plants from the
adverse climatic conditions such as wind, cold, excessive radiation, extreme temperature,
insects, and disease (Durmuú et al., 2016) (Khattab et al., 2016).
Aquaponics is the combination of aquaculture (raising fish) and hydroponics (the soil-less
growing of plants) that grows fish and plants together in one integrated system. The
aquaculture research community introduced the idea of Aquaponics in the mid-1970s
(Shenan et al., 2017). This system has been in existence since ancient times. There is
evidence that the Aquaponics system for growing crops is a sustainable, easy, and simple
method of farming when compared to traditional methods of farming which involves a lot of
hard work (Kilicdagi and Yilmaz, 2014). The Aquaponics system can be very helpful to the
farmers residing in areas with a shortage of water. The problem that arises with the
Aquaponics system is the amount of data needs analysis and manipulation to optimize the
results (Love et al., 2015). The various environmental parameters such as pH, temperature,
humidity, turbidity, eC and moisture need to be monitor and any change of this parameters
could affect the aquaponics environment (Manju et al., 2017) (Nichols, 2017). This can be a
quite a difficult task for a person to monitor daily.
With these problems, it is very necessary to design a real-time smart monitoring and control
system. The real-time control of real-world devices has shown commercial value and ease the
consumer. Real-time environmental information can be remotely gathered from the
Aquaponics fields and transferred to where it can be processed to discover problems, store
data, and/or take needed actions. The use of Wireless Sensor Networks (WSN) in agriculture
increases the efficiency, productivity and profitability of many agricultural production
systems (Pasha et al., 2018). The integration of WSNs with IoT can be applied to the analysis
of data generated by sensors and IoT devices. The IoT is driven by an extension of the
Internet through the incorporation of physical articles joined with a capacity to provide more
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quick-witted administrations to the earth as more information ends up noticeably accessible.
Several application areas going from Green-IT and vital effectiveness to coordination’s are
now beginning to profit by Internet of Things ideas (Preetham et al., 2019). Therefore, this
paper proposes a cloud-based architecture that is applicable to enable data monitoring,
gathering, and actuation for sensors and IoT devices from hydroponic, fish ponds, and
gardens at our Intelligent Green House (IGH) PoliPD. Emphasis is given more on viewing
the pH value and testing the web application interface.
Related Works
There have been many works on monitoring and control system such as Wang et al (Rubiat et
al., 2017) who proposed the Smart Monitoring and Control System Based on OpenWrt to
monitor flow meters, pH, ultrasonic range finders, and digital temperature sensors, as well as
principles of signal conditioning and closed loop control. The proposed system is an
intelligently interactive application, where users can also use the mobile terminal to monitor
and control the smart aquaponics. The hardware system consists of Arduino and WRTnod
which is based on Wi-Fi AP-Soc, an open source development board hardware.
Muhammad Anif et al (Saaid et al., 2013) proposed the Internship Monitoring System Web
Based to manage the internship process at Politeknik Negeri Semarang that can be accessed
by five level of users such as administrators, head of program, faculty, students, and field
supervisors. The system uses the Laravel framework that applies the Model-View-Controller
(MVC) method.
Pasha et al (Love et al., 2015) proposed the control and monitoring Aquaponic system based
on IoT, which enables the function to monitor water level, temperature, and pH level that can
be accessed by various smartphones and browsers and can also control the lights and water
pump through the web. A raspberry pi device is used as the gateway of sensor readings while
Arduino Uno is used for monitoring purposes and Arduino Nano for controlling.
Shaout and Scott (Samal and PatiMulti, 2014) proposed the control and monitoring fish tank
and growing bed in an aquaponic ecosystem using IoT fuzzy locic. The system will monitor
water temperature, pH, air temperature, and luminance. The system will control a light,
heater, and the alarm. The system uses the Arduino Uno R3 board to be the hardware
interface for inputs/outputs.
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Methodology
A. IGH PoliPD System Design
A Lo-Ra device is used as the gateway of sensor readings and controlling. LoRa is the best
option for IoT solution which requires a long range of data communication while keeping
very little power usage (Saraswathi et al., 2018). All sensors are connected to the Arduino
device and the communication between Arduino and Lo-Ra device is done by the Arduino
program. DHT11 humidity and temperature sensor is used to measure the humidity and the
temperature, DFROBOT 109 analogue pH meter is used to measure the water pH level while
DFROBOT 038 turbidity sensor is used to measure the turbidity. Data can be acquired using
a low-cost Arduino microcontroller. The Arduino software, however, does not contain a suite
of tools for data fitting and analysis (Seok-Oh et al., 2017). The data are typically gathered
first and then imported manually into an analysis program. PLX-DAQ is used to import data
directly from the Arduino to Excel and allows real-time plotting and analysis instead of
viewing it in web application.
The NodeMCU is used as a hub to 2 nodes from Garden and Aquaponic as a transmitter and
1 gateway from IGH as a receiver. Other sensors are connected to their respective positions
and these sensors send the data to the NodeMCU which consists of an inbuilt Wi-Fi
technology. MySQL is a database available on the internet in which values of the sensors are
updated every second in real-time. A web application is developed using the Laravel
framework. Within the software, the connectivity between the web application and MySQL
will be made. Therefore, the user can monitor the parameters from anywhere.
Figure 1. IGH PoliPD System Design
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B. IGH PoliPD Web Application Framework
Developing a web application from scratch can be a tedious and complicated task. Over time,
too many opportunities for bugs and too many revisions can make maintenance of a web
application very frustrating for any developer (Shafeena, 2016). Because of this, a recently
developed framework written in PHP, Laravel, has quickly won the hearts of developers
around the world for its clean code and ease of usage.
The Laravel application follows the traditional Model-View-Controller (MVC) design
pattern, where controllers are used to handle user requests and retrieve data while models
interact with database and retrieve objects’ information and view to render pages (Shaout and
Scott, 2017). Additionally, routes are used to map URLs to designated controller actions.
The IGH PoliPD web application framework as in Fig. 1 shows that a request is made when a
user enters a URL associated with the application. A route associated with that URL maps the
URL to a controller action. That controller action leverages the necessary model(s) to retrieve
information from the database, and then passes that data off to a view and to be display to the
user.
Figure 2. IGH PoliPD Web Application Framework
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Result And Discussion
A. Sensor Testing
There are 2 aspects tested in the research: pH sensor testing and web page testing. pH is a
measure of the acidity (or alkaline) of a solution. The range goes from 0-14, with 7 being
neutral. pH of less than 7 indicate acidity, whereas a pH of greater than 7 indicates a base
(Surguy, 2014). pH is really a measure of the relative amount of free hydrogen and hydroxyl
ions in the water. Water that has more free hydrogen ions is acidic, whereas water that has
more free hydroxyl ions is basic (Zourmand et al., 2019). After the system is successfully
implemented and running, the pH sensor is tested to get the pH water level by taking samples
of comparison results for 8 weeks. The Arduino coding will work and thread the real-time
data from the sensor in specified delayed time. Lastly, the web page will be tested by
accessing it from another device that is in the same network. It will show all the data value
that was sensed. Table 1 shows the average results of pH values for 8 weeks and Fig. 3 shows
the pH average value in 8 weeks.
Table 1: Average results of pH values for 8 weeks
Week(s) week 1 week 2 week 3 week 4 week 5
Average 8.68
8.69
8.68
8.69
8.69

week 6
8.70

week 7
8.68

week 8
8.68

Figure 3. pH average value

From monitoring the process within 8 weeks and approximately taken at the same time, it can
be said that the water temperature recorded between 30-31 Celsius and the humidity of water
recorded approximately 59, while the pH value is relatively between 8.5 to 8.8. This can be
referred to Fig. 4 where the pH value data result taken from PLX-DAQ.
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Figure 4. PLX-DAQ data taken from Arduino

B.

Web Page Testing

The data from each sensor node will be displayed in a web page. The web page is designed to
be able to look after limited data. Fig. 5 shows the main page of IGH PoliPD. The web page
consists of 4 menus which are Greenhouse, Garden, Hydroponic and Fishpond. Fig. 6 shows
the data for pH sensor display in the Fishpond menus. The web page interface is compatible
with many browsers from many devices as shown in Table 2.
Figure 5. IGH PoliPD Web Page Interface
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Figure 6. Data for pH Value, Turbidity and Temperature View Interface

Table 2: Device(s) Compatible Table
Device(s)
Browser
Huawei Nova 2Lite
Default Browser
Opera Mini
iPhone 7
Safari
Acer Aspire 5
Chrome

Controlling
Compatible
Compatible
Compatible
Compatible

Monitoring
Compatible
Compatible
Compatible
Compatible

Conclusion
The result output is varied between 8.5 to 8.8 for pH sensor value which was tested in the
IGH PoliPD pond. The developed system allows displaying multiple Aquaponic parameters
in specified delayed time. The parameters to be monitored includes the water temperature, pH
level, and humidity. The information table showed in web page that can be accessed from
various web browsers in various types of devices. The system was designed very simply to
monitor and control. However, it can be developed to monitor more parameters and control
more devices.
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