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1. INTRODUCTION

The hydroponic system is a plant cultivation technique in which water replaces the role of the soil which
is used as a medium for distributing nutrients and substances needed by plants [1]. Examples of important
substances and nutrients are nitrogen (N), phosphorus (P) and potassium (K) which are absorbed by plant roots
[2]. The advantage of the hydroponic system is that growers have complete control over the environment,
which includes its climate and its nutrient needs [3][4]. The hydroponic planting process can be done in 2 ways,
namely outdoor hydroponics, and indoor hydroponics [5].

Sunlight is one of the factors that affect hydroponic growth [6]. Sunlight contains a spectrum of colors
that can stimulate the photosynthetic process of hydroponic plants to grow [7]. However, due to some
environmental conditions that are not ideal, nutrients for hydroponic plants from lighting may be lacking. To
solve this problem, a system can be proposed where the sun's nutrients are replaced through the light-emitting
diode (LED) grow lights that can produce a color spectrum like indoor sunlight [8].

Hydroponic planting can be automated with the help of internet of things (1oT) technology [9]. In an 10T-
based automation system, monitoring the condition of hydroponic plants is carried out and controlled in the
system through several sensors and actuators [10]. Built-in sensors allow monitoring and control of the
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humidity, temperature, and intensity of the environment light [11]. Data obtained from sensors is used to
analyze crop yields for more optimal growth [12].

l0T devices and software applications are included to send and display system information online [13].
The application of loT-based hydroponic automation in this study ensures that the data obtained is more
efficient, the data obtained is said to be efficient because it is not done manually but replaced with the role of
10T [14]. Through automated systems and situation monitoring the data is obtained more because it is real-time
[15]. This research aims to design, create, and evaluate a hydroponic automation system by monitoring the
quality of plant growth that uses LED grow lights and natural light conditions on hydroponic bok choy. On the
proposed hydroponic automation systems, light-feeding is done automatically, this can be carried out with the
help of a real-time clock (RTC) module and relays. Furthermore, the monitoring function is carried out through
temperature and humidity measurement sensors.

To evaluate the proposed system, a comparison is made with the conventional system. Thus, two systems
are measured side by side. Three metrics are used to measure the growth of each hydroponic system, they are
leaf count, plant height and fresh weight. To see the significance of the grow light in the plant growth, the t-
test is used and the probability density function (PDF) of each growth is shown.

2. RELATED WORK

In some literature, the role of monitoring using 10T against hydroponics is very influential in the process
of plant growth. 10T works efficiently with all hydroponic farming techniques. The data obtained from plants
that use 10T is much better than with traditional techniques. According to Ali and Thakur, data obtained through
10T can also monitor and control hydroponic growth so that the resources used are more efficient [16]. All
operations are controlled by Arduino microprocessors. The Internet of Things (I0T) which is integrated with
an automation system can reduce manual labor and increase the ability to analyze data obtained through sensors
[17]. Hydroponics connected with 10T systems in indoor media can be done at large or small scales, monitoring
done through 1oT systems provides the advantage to know the condition of plant growth with monitoring in
real-time. The use of hydroponics indoors using 10T also gives an advantage to users because it does not require
special land to plant [18]. The disadvantage of using 10T is that it requires maintenance and repair of the system
to ensure the quality of the data obtained.

Another paper discusses the effects of irregular weather that makes hydroponic planting less optimal due
to the lack of nutrients from sunlight so a method is needed that can overcome the problem of light needs.
Monitoring is carried out to ensure consistency with optimal conditions for plant growth so that it can be seen
a comparison of these light controls [19]. Extreme weather can change the temperature and humidity of the air,
making it difficult for plants to grow [20]. Because light is very important for the life and growth of plants,
then by looking at the quantity and quality of light we can see information about the growth and development
of plants [21]. The role of sunlight as a trigger for photosynthesis for plant growth is indispensable in the
process of plant growth. Lack of sunlight will make the maximum lack of growth in plants [22]. In addition to
the lack of sunlight obtained by plants due to changes in weather, the temperature and humidity of the air will
also change following the changes in the weather [23]. Temperature and humidity are also the factors that
ensure the quality of hydroponics in meeting the needs of plants. Monitoring temperature and humidity using
an automatic system can help hydroponic plant growth [24]. In this study it can be concluded that the plant's
need for light affects the growth of plants. The advantage that can be taken is that to anticipate the lack of light
due to extreme weather, alternative methods such as artificial light are needed. The drawback is how necessary
an explanation of what types of light can be used if artificial light is needed to replace sunlight.

The other work related to this project is the use of technology as an alternative to agriculture in hydroponic
cultivation uses artificial light integration to replace sunlight and overcome weather problems by Namgyel
[13]. Planting can be done indoors using 10T systems for alternative sunlight solutions. The development of
hydroponic systems using 10T can be linked to the manufacture of artificial light to replace the sun in the
application of hydroponic planting. Internet of things (10T) is implemented in a hydroponic system to facilitate
the process of planting and monitoring via the web. The utilization of automated control systems on loT
delivers more efficient and secure results compared to manual methods [25]. The next related works about the
consistent methods and checks to ensure indoor hydroponic plants can develop properly have been made by
Kresnha and Wicahyani in 2019 [26]. Internet of Things (IoT) combined with automation systems can reduce
human intervention [27]. The Internet of Things (10T) is implemented in a hydroponic system to facilitate the
process of planting and monitoring via the web [28]. Indoor hydroponic farming aids that can control and
regulate the breeding of hydroponic plants using LED grow lights with ultraviolet light color. Replacement
light such as LED grow light can be a source of lighting to overcome environmental problems and bad weather
[29]. Monitoring plant conditions in real-time are very helpful in checking the state of hydroponic plants. The
use of automation also plays a role in regulating the time required in the provision of LED growing lights.
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Related to the project by Esa, Abu Bakar, Abas, De Silva and Metali, the effect of different light intensity on
plant growth has been analyzed showing almost double the increase with LED grow lights, compared to natural
lighting against hydroponic growth [19]. The advantage that can be taken from this research is the use of
artificial light to replace sunlight, in this study it can also be seen that the color of each light spectrum can
affect hydroponic growth. The drawback is that the use of artificial light requires a closed room and periodic
monitoring of the condition of the room is necessary.

In previous research, it has been explained how the influence of irregular weather that causes a lack of
nutrients from sunlight, can be solved by artificial light that can replace sunlight and assisted by the role of loT
to monitor plant growth. In this study, it will be explained how to compare the growth of hydroponic bok choy
plants using sunlight and LED grow lights. To ensure plant growth, a comparison will be made using a
probability density function (PDF) so that it can be seen whether the quality of plant growth even after 30 days
will be consistent or change.

3. RESEARCH METHOD
3.1. Hydroponic System Design

Research is carried out by looking for problems or phenomena that will be used as research topics. To
find out the problem, a reference study was carried out on the topic of the problem taken. After obtaining the
method to solve the problem, the design of the system used to solve the problem is carried out. Then the
application of the system to the object of research is carried out. After the implementation, research will be
carried out on the data obtained to draw conclusions from the solution to the research problem.

Fig. 1 shows a flowchart that explains the stages of how the system works. First, the system checks the
RTC, if it is time to turn on the LED grow lights then the relay activates, and the LED lights turn on. If it is
time to turn off the LED grow lights, the relay does otherwise. In the next step, the DHT 11 sensor checks the
temperature and humidity values then all data from the sensor is sent by the NodeMCU to thinger.io. The data
sent to thinger.io is stored in the database and can be viewed by the user on the dashboard.
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Fig. 1. Flowchart of the automated hydroponics system.

Fig. 2 shows a block diagram of a hydroponic system where there is an Arduino that sets the time to turn
on the LED grow lights. The RTC module is used to set the time to turn on the LED grow lights and the Relay
functions to turn on and off the LED grow lights according to the automation algorithm based on the time
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information submitted by the RTC module. In this study, it is determined that the relay turns on the lights when
the RTC is at 06.00 AM and turned off at 06.00 PM.

Arduino

DHTI! NodeMCU A

& thinger.io

platform

Fig. 2. Block diagram of hydroponic systems.

Both sensors and RTC are connected to a NodeMCU and a DHT 11 sensor. The DHT 11 is a temperature
and humidity sensor. NodeMCU can send data to the server on the thinger.io platform via Wi-Fi
communication. The data entered in thinger.io is recorded in the thinger.io database and displayed on the
thinger.io dashboard to monitor the data measured by the sensor. Data obtained from sensors stored in the
database thinger.io can be stored for 90 days and can be exported. Data obtained from sensors can be monitored
directly in real-time. Parameters data obtained through sensors are sent to the web so that further and effective
monitoring can be carried out [30]. The data sent directly from the sensor to the database can be researched so
that the best conditions can be determined for the plant [31]. The reason for using Thinger.io as an IoT platform
is because Thinger.io already has a live view system and has a database that can be used to store data so that
Thinger.io can be used as a single platform without other platforms.

Fig. 3 shows the design of the hydroponic system uses a wick system where there is an axis that is used
to connect the nutrient solution in a plastic container and growing media. The distance between the pot and the
nutrient solution is not more than 1 cm, the top of the lid of the container is made of 9 holes consisting of 3
holes in each row to place the pots which are about 5 cm apart. The wick uses flannel which easily absorbs the
solution as a nutrient for hydroponics and where the roots grow, the nutrient solution is stirred manually once
a day so that the nutrients in the water are evenly distributed. There are also LED grow lights as a light source
that replaces sunlight which is designed with the 10T system in mind. The LED grow lights will be turned on
for 12 hours, which is turned on at 06.00 AM and turned off at 06.00 P M.
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Fig. 3. Hydroponic System design and illustration of LED automation of grow lights.
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The plant used as research material is hydroponic bok choy which has large and short stems and wide leaf
structures. Bok choy will be transferred to the wick system planting medium after 7-10 days after the seedlings
or bok choy already has 4-5 leaves. Bok choy will be harvested when 30 days after planting with the
characteristics of bright green leaf stalks and oval-shaped broad leaves.

3.2. Hydroponic Grow Light Automation

The hydroponic plant used is bok choy. There are two types of light sources given to hydroponic plants,
namely light from LED grow lights and natural lights from the sunlight. LED grow lights are provided regularly
and at the same time every day. Provisions and schedules for automatic lighting by the system can be seen in
Table 1. The duration of providing LED grow lights is 12 hours per day. Light is given for 30 days. The fixed
schedule for providing LED grow lights is from 06.00 am to 06.00 pm. Natural light is provided according to
daily sunlight conditions.

Table 1. The Schedule of LED Grow Light Automation

Lighting System Light Time Schedule
LED grow lights Turn on at 06.00 until 18.00 daily
Sunlight Follow the weather conditions according to the day

3.3. Testing Metrics

The test scenario is carried out on 2 systems, namely an outdoor system that implements LED grow lights
automation and an indoor system that does not use LED grow lights automation. The hydroponic plants used
are bok choy plants that are treated for 30 days using the wick system hydroponic technique. Some of the
metrics measured and compared in this study are fresh weight, number of leaves, and plant height.

1. Fresh Weight Testing

The fresh weight of plants gives an idea of whether plants exposed to light from LED grow lights instead
of sunlight can trigger plant growth or not. If effective, the fresh weight of the plant will be greater than the
fresh weight of the plant without using LED grow lights. This test is not carried out periodically but is carried
out when the plant has gone through growth for 30 days using a digital scale.

2. Calculation of The Number of Leaves

The number of leaves that grow can also describe whether the nutrients are well received by the plant or
not. The number of leaves that describe growth comes from plants that have a higher number of leaves
compared to other plants. The number of leaves is counted periodically once every 10 days until the 30" day.

3. Measurement of Plant Height
Plants that absorb nutrients well grow tall. The plant heights of the two systems are averaged and then
compared. Plant height measurements are carried out once every 10 days until the 30" day.

4. RESULTS AND DISCUSSION
4.1. System Implementation

Fig. 4 shows the implementation of a hydroponic wick system with LED grow lights automation. In the
figure, it is shown that LED grow lights are placed above the bok choy plants and gives an illustration of the
lighting conditions. Wick hydroponic systems use a wick in a plant pot to distribute nutrients to a nutrient tank
for plants. The use of LED grow light on the wick of the hydroponic system is implemented indoors where the
light from the LED grow light replaces the role of sunlight. The LED grow light will be turned on at 06.00 AM
and will be turned off at 06.00 PM.

Fig. 5 shows the 10T end-device system implementation for a wick hydroponic system with LED grow
lights automation. The hardware consists of Arduino, RTC module, NodeMCU, DHT11 and relays. The relays
are then connected to the power outlets and LED grow lights to do control functions based on the 10T system
instructions.

Fig. 6 shows a mockup of the thinger.io dashboard page. On this page will display data information
obtained from the sensor in real time. The data displayed is in the form of temperature, humidity, light status,
time and graphs of temperature and humidity.

Fig. 7 shows a mockup of the thinger.io database page. This page will display data that has been stored
in the thinger.io database through sensors connected to thinger.io. The data will be stored for 90 days on the
thinger.io database.
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Fig. 5. 10T end-device of the LED grow lights automation system.
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Fig. 7. Thinger.io database page

There are 4 pages on the thinger.io as the interface of the wick automation system grow lights. The first
page shows the home page containing the location of the sensor as well as the number of many devices and
databases used. The second page, as shown in the top image, shows data information from the temperature,
humidity, and lamp status. The third page, as shown in the bottom image, contains data obtained by sensors
stored in the database. The last page contains the history of the data have been downloaded and as a place to
download the data stored on the database.

4.2. Test Results

Bok choy hydroponic wick system is planted for 30 days after the nursery period. The nutrients from the
hydroponics are a mixture of AB mix nutrients and water with a ratio of 1000ml of water: 5ml A: 5ml B.
Comparison of hydroponic growth is carried out between hydroponics with an LED grow light automation
system with hydroponics with natural sun light based on measurements of plant height, number of leaves and
weight fresh plant. The following is a graph of the average value of bok choy hydroponic growth for 30 days.

In this study, the obstacles faced were software bugs and errors during 30 days of hydroponic growth data
collection. The bug that is often found is when the status of the lights does not match the specified time
provisions, thus affecting the data that is entered into the database. To work around this problem, the incorrect
data is corrected manually. This error does not cause a delay in the data collection period.

The bok plot chart in Fig. 8 describes the comparison of fresh weight of hydroponic bok choy plants
between LED grow lights and sunlight on the 30" day. Hydroponics using LED grow lights produces a weight
of 22 - 26 g with an average of 23.6 g. This value is higher than hydroponics using sunlight which produces a
weight of 18 - 23 g with an average of 20.2 g.

The bok plot chart in Fig. 9 shows the comparison of the number of leaves from hydroponic bok choy
between LED grow lights and sunlight recorded every 10 days for 30 days. On the 10" day, hydroponics with
LED grow lights produces 6-7 leaves and hydroponics with sunlight produced 5-7 leaves. On the 20" day,
hydroponics with LED grow lights produced 8-10 leaves and hydroponics with solar lights produced 7-8
leaves. On the 30" day, hydroponics using LED grow lights produced 10 - 13 leaves with an average of 11.2
leaves. This yield is higher than hydroponics with sunlight which produces 8 - 11 leaves with an average of
9.3 leaves.

The bok plot chart in Fig. 10 shows a comparison of the plant height from hydroponics bok choy between
LED growing light and sunlight recorded every 10 days for 30 days. On day 10™, hydroponics using LED
growing lights produces a plant height of 7 — 8 cm and hydroponics using sun lights produces 7 — 8 cm. Day
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20™ hydroponics using LED growing lights produces a plant height of 13 — 16 cm and hydroponics using sun
lights produces 12 — 16 cm. Day 30", hydroponics using LED growing lights produces a plant height of 16 —
20 cm with an average of 23.6 cm. This value is higher than hydroponics using sunlight which produces a plant
height of 15 — 19 cm with an average of 20.2 cm.
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The results of each method are furtherly discussed statistically. From each measurement, grow light
always provides higher results but it is not certain if they are significantly higher. Whether or not they are
significantly higher is tested and discussed with a t-test. First, to discuss the results, the growth rate of the
number of leaves and plant height are calculated. The growth rate is calculated based on the curve slope
equation as follow
e @)

2 1

m =

where m is the growth rate, y, is the next n™ 10-day value, y; is the current n" 10-day value, x, is next n" 10-
day, x, is current n 10 days.
Then after the growth rate values are gathered, the PDF of fresh weight, leaf growth rate, and height
growth rate based on their normal distribution are calculated and displayed. The equation is as follow
1/x—uN\2
e_§(¥)

O]

f&) =

oV2m

where f(x) is the PDF, p is the mean, and o is the standard deviation.
The results of each PDF can be seen in Fig. 11. From the figure, the difference in the distribution of each

measurement can be seen. However, to calculate if the difference is significant, the t-test is used.
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Fig. 11. PDF of fresh weight (left), leaf growth rate (center), and plant height growth rate (right)

T-test uses the t-stat value and is calculated using the equation as follow

; X — X
1 1 @)

S\ g
where t is the t-stat, i, is the first distribution mean, x, is the second distribution mean, s is the standard error,
n; is the number of observations of the first distribution, and n, is the number of observations of the second
distribution.

Table 2 contains the results of the t-test calculation. From the table, the t-stat value is obtained from (3),
the t-critical value is obtained from the t-distribution table based on the degree of freedom (DoF) value and the
a value. The null hypothesis, or Ho, is where condition pl1 - p2 = 0 is met, which means there is no significant
difference between the two distributions being compared. If Ho is rejected, it means pl - p2 # 0 which means
that the two distributions being compared have significant differences. Ho is rejected if t-stat is greater than t
critical value or is less than -t critical value. If the inequality is not met, then Hy is not rejected

Table 2. T-Test Results of Fresh Weight, Leaf Growth Rate, and Height Growth Rate

No. Metric T-stat T critical value Ho Difference
1 Fresh weight 4.202 2.145 Rejected Significant
2 Leaf growth rate 2.699 2.037 Rejected Significant
3 Height growth rate 0.659 2.007 Not rejected Not significant

Based on the table, for fresh weight, the t-stat is greater than the t-critical value, meaning that Ho is
rejected, the conclusion is that the comparison of the two data on fresh weight has a significant difference. For
leaf growth rate, the t-stat value is greater than the t-critical value, so Ho is also rejected. The conclusion is that
the two data on leaf growth rates have significant differences. Finally, for the height growth rate, the t-stat
value is smaller than the t critical value, so it means that Hy is not rejected. The conclusion is that the two height
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growth rate data do not have a significant difference. Because there is no difference, it means that the value of
the grow light height growth is higher than the sunlight is because it is explainable by chance only.

4.3. Discussion

This study discusses the effect of grow light on hydroponic growth, as has been discussed in research [8].
The difference of this research compared to related research and the contribution is that this research applies
automation to grow lights utilizing an 1oT-based system. Such a system can facilitate the work of hydroponic
farmers. The loT system built consists of a microcontroller and Wi-Fi communication using devices such as
Arduino and NodeMCU, the same as those applied in reference [32]. The difference of this research compared
to related research and the contribution is a performance comparison between 0T systems which is not
discussed in the other paper. Hydroponics that utilizes 1oT-based grow lights have been discussed in a paper
[13] which also discusses the performance of LED lights in hydroponic growth.

The difference of this research compared to related research and the contribution is the detail in
automation of LED grow lights using RTC modules and relays while also discussing the significance of LED
light performance in hydroponic growth. Tests using a probability density function (PDF) will give results
about the distribution of the measurements and use the t-test as a significant test of the data obtained.

5. CONCLUSION

A bok choy hydroponic system that implements LED grow lights automation with 10T architecture has
been successfully implemented. The results of the comparison test show that the LED grow lights are superior
in terms of fresh weight, the number of leaves, and plant height, respectively with an average value of 23.6
grams, 11.2 leaves, and 18.1 cm on the 30™ day, compared to sunlight, respectively with an average value of
20.2 grams, 9.3 leaves, and 17.1 cm on the 30" day. Through the t-test, it can be calculated that the fresh weight
and leaf growth rate of LED grow lights are significantly higher than that of sunlight, while the growth rate of
LED grow light trees is not significant compared to sunlight.
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