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1. INTRODUCTION

The internet of things (1oT) refers to a network of physical devices that are embedded with multiple
electronic devices, software, sensors, and exchanging data service via the internet [1], [2]. 0T environment is
an integrated transport system to dynamically route respond to change the traffic needs and conditions. 10T
has been used in various types of applications such as creating smart homes, smart cities, connected cars,
connected health, as well as in agriculture or smart farming. As the agricultural industry plays such an
important role as part of Thai business, finding solutions, and opportunities to improve the current
agricultural methods for Thai farmers could be beneficial it could help increase the efficiency and
effectiveness in producing these goods. l1oT application in agricultural industry can be used to monitor,
provide real time control of the process, and track several controlled variables that promote vegetable growth
such as light, humidity, temperature, and water. The basic 10T system architecture consists of three different
layers with different functions: Yi [3] first layer is the physical sensing layer which contains embedded
devices that make use of sensors to gather data. Second layer is the middleware layer which provides the
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function to facilitate manage the communication between the activities of sensing devices and the application
layer. The third layer is the application layer which is responsible for mapping the information onto
applications which planters will be able to use to send commands to objects over the Internet via mobile
application, webapps and/or browsers [4].

In this study, the paper presents a prototype of an internet of things (1oT) ecosystem for planting of
coriander (Coriandrum sativum L.). Coriander, a member of the apiaceae family, is among the most widely
used medicinal plants, possessing nutritional as well as medicinal properties. Coriander is an annual plant
that yields within 40-50 days and the edible adult coriander height is approximately 30-40 cm [5], [6]. The
culantro height is approximately 15-51 cm, leaf width is 20-30 mm [7], the average height of dill weed is 30
cm, and leaf width less than 0.5 mm [8]. The prototype is specifically designed to monitor a system which
consists of many smart sensors to accurately monitor coriander growth from seed to plant. The sensors are
designed to collect information about the environment that the plant undergoes such as light, humidity,
temperature, and watering system. This system will then decide on the actions to be taken based on the given
controls such as to sprinkle to maintain the humidity, to adjust the temperature, and the watering system via
the internet.

2. THEORETICAL BACKGROUND AND RELATED RESEARCHES
2.1. Internet of things (1oT)

The fundamental of 10T has connecting physical objects, sensors, and other smart technologies
altogether into one system [9]. 10T provides an immediate access to information about physical objects that
leads to innovation on services and processes with higher efficiency and productivity [10]. 10T was related
several technologies which are wirless sensor, rfid, and cluoud computing [11]. However, The development
of 10T to the green technology. Green loT can may improve energy efficiency and that of other system, help
reduce environment pollution [12], [13].

2.2. Cloud computing

Cloud computing is a large-scale computing used low-cost process and Internet capability. The
application areas of loT include smart home, smart agriculture, and smart monitoring [11]. The smart
agriculture application involves a large distributed array of monitoring sensors and a large distribution
network. Cloud computing includes three services consisting of; 1) platform as a service (PaaS),
2) infrastructure as a service (laaS), and 3) software as a service (SaaS) [14]. In this research, a cloud
computing technology in 10T is being utilized to view sensor values via the Internet. Cloud computing
technique was used to machine learning tools, data mining, and artificial intelligence. Data are sensed from
device sensors, virtual sensors which retrieve data using web service technology to easy to be stored,
processed, and anlyzed [15]. loT devices can be detected and collected of datasets. Real time of datasets are
sent to the cloud and preprocessing for big data [16] and preprocessing for big data analysis [17], [18]. In
addition, the cloud computing in power system was relized the requirement of high brandwidth and low
latency. A privacy protection strategy via computing, data prediction, and preprocessing were necessary in
loT [19].

2.3. Responsive web development

In the past, the interface libraries are inconsistencies, high maintenance cost, and more complicated
process. So, responsive web development can be created with HTML5 coding, CSS, and JavaScript coding.
Bootstrap is popular and efficient tool to develop responsive web. Bootstrap is a free toolkit for creating
websites and web applications. It contains HTML and CSS-based design templates for typography, forms,
buttons, navigation, and other interface components [20].

2.4. Literature review

The research in smart agriculture area is proposed all filed of aspects to improve the quality and
quantity of productivity of agriculture. Smart agriculture ecosystem consisted of four different components:
hardware controller devices, sensor devices, data storage, and presentation component.

2.4.1. The hardware controller

The hardware controller devices were usually used with Arduino Uno, [21]-[26] and Raspberry Pi
[27]. These devices are designed to manage and control the sensors. The input will be received from the
sensor and monitoring devices. They are connected to the internet and can be accessed from anywhere.
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2.4.2. Sensor devices

Sensor devices are used to monitor the control and read the information to monitor the environments
of planting. The sensors that are commonly used in agriculture consisted of temperature sensor [26], [28],
[29] water level sensor [23]-[26], [28], [29], humidity sensor [26], [29], soil moisture sensors [29], light
sensor, [26], [29] and pressure sensor [21], [26], [29]. The sensor devices are related with hardware control
devices which are a part in physical layer. These sensors are designed and responsible for checking the
environment of planting.

2.4.3. The data storage

The data storage, usually through cloud server [21]-[26], [28], [29] stores the data of the devices
with the details of sensor name, sensor 1D, sensor status, date, and time of the sensor. The sensors received
data and information is read with the hardware controller device and send to the cloud server. The
architecture was to develop a client server system to be able to access via web or android application.

2.4.4. The representation of information

The representation of information from these devices is done by using web browser [21]-[22], [28]
or mobile application [23], [26], [28], [29]. The web application is responsible for supporting a responsive
design. The application shows the statistics of the general and overall data with details of the system such as
sensor name, sensor ID, sensor status, date, and time. Moreover, the application will show the sensors real
time information. Therefore, the user was able to access web application or mobile application easily and
comfortably.

3. RESEARCH METHOD
3.1. Proposed prototype

In this section, the sensors on real time monitoring of 10T environments will be illustrated. Figure 1
shows the architecture layer of 10T based coriander data cloud platform. Integrated devices such as several
sensors (light: LS, humidity: HS, temperature: TS, and water level: WS) are connected to a controller
(Raspberry PI). The controller can access the sensor values, process and obtain these data and transfer these
data via the internet using cloud computing. The 10T Service will decide the action to be taken based on these
controlled parameters with various views of data and the output results will be shown from the cloud
computing on various layouts based on size and capabilities of the device.

HS
: { ws Cloud service

Rcsponsne web

Hardware controller device

Figure 1. Framework of 10T ecosystem

3.2. Device selections

The prototype consists of 4 different devices combined to create a system. In this section, the
functions and rationale of using 4 different devices will be explained. Raspberry Pi is a small sized computer
that runs using the Linux operating system. It has USB sockets that can be plugged with a video output and
information can be input into the device. It has general purpose input/output (GP10) pins and is connected to
custom electronics. It is integrated with WIFI and Bluetooth connection. Raspberry Pi has enough capacity
and capability of performing every task, for examples, about browsing the internet, playing videos, making
documents, and playing games [27], [30].
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The temperature and humidity sensor (DHT11) is a digital temperature and humidity readings. The
DHT11 exports digital signals. The advantages of using this device is that it is easy to set up and a wire for
the data signal. These sensors are popular to be used in remote weather stations, soil monitors, home
automation systems, and smart farm [30], [31]. Arduino Uno is used to readings of the hygrometer. Arduino
collects analog data from hygrometer and convert analog data to digital data (ADC) [27].

3.3. System architecture

The system architecture is designed and implemented for the internet of things ecosystem for
planting. Raspberry Pi is connected to sensors (light, humidity, temperature, and water level) via GPIO but
GPIO pins has 40 pins then not enough to use many sensors. So, the connecting between GPIO and sensors
need the breadboard. Breadboard is a device for connected between one device and other devices without
soldering them. These holes are connected in strips. The temperature sensor (TS) is the DS18B20 sensor as
waterproof version. The DS18B20 has an operating temperature range of -55 °C to +125 °C and is accurate
to £0.5 °C over the range of -10 °C to +85 °C. This device has an onboard analog to digital converter so
easily connected it up to a digital GPIO pin on the Raspberry Pi. DS18B20 was consisted of 3 wires, the red
wire connects to 3.3-5 V power, the yellow wire (data pin) connects to GPIO, place a 10 K ohm resistor
between VCC, the data pin, and the black wire connects to ground. The water level sensor (WS) has a water
detection area range of 16 mm. to 40 mm. and easy to connect to a digital GPIO pin. WS has 3 pins (ground,
vcce, signal) [32]. The signal pin is an analog output. WS detection for a water tank. Placing a water level
sensor in the tank to detect the presence of water. The connecting between WS and raspberry pi is MP3002
(analog-to-digital converter). The humidity sensor (HS) is the DHT11 as relative humidity measure. The
DHT11 has an operating humidity rang of 20-90% RH and readings with £5% accuracy. The DHT11 was
consisted of 3 wires, the red wire connects to 3.3-5 V power, the white or the yellow wire (data pin) connects
to GPIO, place a 10 K ohm resistor between VVCC, the data pin, and the black wire connects to ground [33].
The last sensor is light sensor (LS) as LDR sensor. The LDR sensor is light-dependent resistor or photocell to
detect light and to measure the brightness level of the ambient light. The LDR was consisted of 3 wires, the
red wire connects to 3.3-5 V power, the white wire connects to GPIO and the black wire connects to ground.
Water pump control is used manually by user, when the system showed alert light (red light) for high
temperature above 35 °C on responsive web. User turns on water pump switch, but temperature was low
below 35 °C user turns off switch. Figure 2 shows the system architecture of the Raspberry Pi and sensors
connected via GPIO. It consists of 2 parts: i) Raspberry Pi and sensors and ii) real time of data of humidity
and temperature are displayed on the responsive web design.

HS —=vee

ws |[ll  cceccecccerecceccecececacacacacacee

Figure 2. Architecture of raspberry pi and sensors

3.4. Implementation
3.4.1. Input

The input process is keeping a record in a CSV file consisting of a time stamp, humidity, ambient
light, and temperature. The logging data from Raspberry Pi utilizes Python, Excel to collect data, and save
the output of the collection or analysis. This CSV file is uploaded to a cloud server (google firebase).

3.4.2. Output
PHP is an open source, a general-purpose scripting language. PHP proved to be useful and popular.
PHP code is designed to be included easily in a HTML file and runs on a variety of operating systems for the
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usage in websites. Moreover, PHP is customizable and the open source license allows programmers to
modify the PHP software and add or modify features as needed to fit their own environment. User interaction
module of GUI is responsible for various interactions with users including drawing of graphical interface,
disposing of users accidents, receiving data at particular time stamp, sending humidity, temperature data from
the sensors, and presenting all these information in visual form. The data will be displayed on the responsive
web design.

3.4.3. Experiment conditions

Three different types of seeds were prepared, and each was planted into their individual capsule as
shown in Figure 3. The device is monitoring several controlled parameters to determine if there are any
changes in the environment as shown in Figures 4 and 5. Water level sensor will send out signals when the
water level is lower than the controlled water parameter, then the pump will automatically water the plants.
Along with the water level sensor, the device also monitors the changes in temperature, humidity, and the
sensor will send this information to the web interface. When the temperature and humidity are out of the
controlled range, signals will be sent to the water pump, allowing water flow in the set up plantation system.

Figure 5. The device set up with different sensors to determine changes in water level,
temperature, and humidity level.
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4. RESULTS AND DISCUSSION
4.1. The samples

In Thailand, coriander is an economic plant and is a famous ingredient for cooking as it is one of the
crucial vegetables in many of the Thai dishes. The local coriander species and African coriander species are
popularly used and grown in the country with the following differences in their characters and properties.
The characteristics of local coriander are small, with thin leaf, small seed, early flowering, having a short life
and providing a very pungent smell. While the characteristics of African coriander tends to be bigger in size,
with thick, big leaves, having lighter fragrance, and longer life than local coriander. In this research, 3 local
types of corianders are selected for the experiments: coriander, culantro, and dill weed. 10 samples were used
per coriander type.

4.2. The result

After the device is installed in the specified location, the result parameters including time stamp,
humidity, and temperature were displayed through the User Interface. Results showed that all 3 plant
cultivations had similar measurements. The results of this experiment with data collected after 30 days are
shown in Figure 6 and Tables 1-3. Table 1 show the average height of coriander of 10 samples is 25.16 c¢cm,
trunk width 13.15 mm, and leaf width 2.53 mm. The average height of the coriander grown under this system
after 30 days is slightly lower than the average height of coriander grown conventional method which
requires 40-50 days before harvest (30-40cm). So, the growth of the experimented coriander might be
comparable to the growth of the conventional method after 40 days.

Figure 6. Show plant height, trunk width, leaf width of; (a) coriander, (b) cilantro, and (c) dill weed

Table 1. Shows plant height, trunk width, leaf width of coriander after 30 days
Sample  plant height (cm)  trunk width (mm) leaf width (mm)

1 25.2 12.7 25
2 25.3 13.1 2.8
3 24.9 13.9 2.2
4 24.6 133 2.7
5 24.2 12.8 2.8
6 259 12.9 2.8
7 259 12.9 24
8 25.2 12.9 2.8
9 259 13.3 2.1
10 24.5 13.7 2.2
Average 25.16 13.15 2.53
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The Table 2 show the average height of culantro of 10 samples is 25.06 cm, trunk width 10.14 mm.
and leaf width 27.17 mm. The average height and the leaf width of culantro grown under this system after
30 days showed comparable results with the average height and leaf width of culantro grown with the
conventional method which requires 40-50 days before harvest (15-51 cm for height and 20-30 mm for leaf
width). Thus, this system resulted in 10-20 days faster time to harvest than the conventional method to yield
the same quality of harvest.

Table 2. Shows plant height, trunk width, leaf width of culantro after 30 days
Sample  plant height (cm)  trunk width (mm) leaf width (mm)

1 25.2 10.5 27.2
2 253 10.9 27.3
3 253 10.2 27.2
4 25.6 10.0 27.2
5 259 10.3 27.1
6 25.2 10.9 27.1
7 24.3 10.3 27.1
8 24.2 10.3 27.1
9 24.1 10.6 27.2
10 255 10.0 27.2
Average 25.06 104 27.17

The Table 3 show the average height of dill weed of 10 samples is 26.37 cm, trunk width 6.86 mm.
and leaf width 0.45 mm. The average height and leaf width of dill weed grown under this system for 30 days
are slightly lower than average height and leaf width of dill weed grown with the conventional method which
take 40-50 days before harvest (30 cm for height and approximately 50 mm or lesser for leaf width). So, the
growth of the experimented coriander might be comparable to the growth of the conventional method given
that the experiment would continue for 40 days.

Table 3. Shows plant height, trunk width, leaf width of dill weed after 30 days
Sample  plant height (cm)  trunk width (mm) leaf width (mm)

1 26.2 71 0.5
2 26.1 7.2 0.2
3 26.2 7.3 0.2
4 26.7 7.2 0.3
5 26.8 7.1 0.3
6 26.1 7.1 0.7
7 26.7 71 0.9
8 26.2 6.5 0.3
9 26.2 6.0 0.2
10 26.5 6.0 0.9
Average 26.37 6.86 0.45

5. CONCLUSION

The prototype loT ecosystem is used to automatically operate the watering system by having
temperature sensor, humidity sensor, light sensor, and water level sensor to determine when the plants are
under the environmental condition that requires water. The research also showed an excellent demonstration
platform for 10T sensors to collect and store data. All three different plant samples grown under this
automatically controlled system showed a result vs. conventional method in terms of their growth rate,
height, width, and ready to harvest after 30 days. This system could produce effective and efficient plant
growth and ready for harvest with a shorter time than conventional method. This smart agriculture could
provide farmers and planters alternative method to do farming remotely, creating a more efficient agricultural
system that could be beneficial for Thailand agricultural industry.
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