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1. INTRODUCTION

Cultivation of plants has a significant advancement through the implementation of internet of things
(10T) particularly in smart farming. Utilizing sensors, smart farming systems can create and maintain optimal
environments for plant growth, ensuring factors such as temperature, humidity, and soil moisture are
precisely controlled [1]-[8]. The main goal of using loT in agriculture enhances efficiency and productivity
through real-time monitoring and automation. By integrating these technologies, farmers can monitor and
manage crops more efficiently, leading to increased yields and reduced resource wastage [9]-[15]. 0T plays
an important role by using different physical objects to increase the quantity and quality of the crops. Smart
farming refers to using technology in agricultural activities such as remote controlling, sensing hardwares,
wireless monitoring and many more [16]. Nowadays with the increasing number of populations, there is a
shortage of land mostly in urban areas. Many urban places in Indonesia are facing this problem, it would be
hard to cultivate plants in an area where there are not many lands [17], [18]. Smart indoor microgreen
contributes a role giving a chance to cultivate plants in an urban area.

Land use is not only limited to agriculture or gardening activities to meet food needs, but it can also
be utilized in other ways, such as by implementing an urban agriculture. One method of urban agriculture
that can be applied in limited spaces is indoor farming. Indoor farming is the utilization of land within the
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home in areas that can be optimized. By doing so, the need for vegetables for daily consumption can be met.
When conducted in a controlled environment, it supports optimal plant growth in an enclosed space. The
implementation of indoor farming in a home setting has limitations in terms of planting area. Plants generally
require a considerable amount of space, so an alternative that can be used is microgreens.

This project proposes developing an automated smart indoor farming including the controlling and
monitoring unit, this will overcome the challenges faced in urban areas because of its shortage of land in
cultivating plants. Vertically smart indoor farming is a solution to the absence of land and eases the process
of cultivation, this project uses microcontroller ESP32 as the main control unit to connect to a cloud
platform. Temperature, humidity and soil moisture sensor as an actuating unit used to control the growth
process. However, one of the primary challenges in artificial lighting for indoor farming is selecting the
optimal light color. According to Yeh and Chung [19], LED has been proposed as a primary light source for
optimizing energy conversion and the nutrient supply. The use of two different light colors to fully
understand the most effective color optimizing photosynthesis and plant development.

2. RELATED WORKS

Study from Burattini et al. [20] highlights the importance of artificial lighting used in greenhouses
when sunlight radiation is insufficient for plant growth. Additional lighting is often required during winter in
Nordic regions. Plant growth depends on the duration of light available during the day, so artificial light
impacts energy consumption. The study used two lighting conditions with warm white light and cold white
light on spinach plants. The results indicated that using cold white light for a total period of two months
resulted in more optimal growth.

Tang et al. [21] examined how the intensity of light lamp was measured for growing water spinach
in a closed environment. Ten containers were used, each with varying wattages of white and yellow
fluorescent lamps. The growth of the plants was assessed based on root weight, root length, number of
leaves, and plant height. The conclusion was that the 42-watt white lamp provided the most optimal plant
growth results. Meanwhile, Abdelkader et al. [22] addresses the broader issue of low vegetable consumption,
citing The World Health Organization (WHO) has stated that the recommended consumption of vegetables
and fruits for a healthy life is 400 grams per day, while actual consumption falls short at around 208.89
grams. The reason for this problem is that the high price of vegetables causes people to focus more on
carbohydrate-rich foods. The methods used include literature studies and design methods that encompass
system design, hardware design, and 10T architecture design frameworks. It is expected that the design
provided can produce vegetables in urban areas. Study from Jiang et al. [23] explores the use of energy-
efficient light technology which has advanced for use in homes and offices. The focus of this research is the
development and implementation of energy-saving lighting and experimentation on its effects on plants. The
creation of an 10T system architecture is prepared for indoor use, equipped with several sensors, including
RGB, UV Index, PAR quantum, temperature, humidity, soil moisture, and a camera. This experiment
demonstrates how adaptive lighting can support efficient indoor plant growth. Similarly, Budavari et al. [24]
emphasizes the role of 10T in addressing future food demands, projecting the need to feed 9.6 billion people
by 2050. 10T highlights the importance and potential it can offer for economic and industrial development.
The study describes a smart farming system that uses sensors (such as pH and soil moisture), an ESP32
microcontroller and a drip irrigation setup to enhance cultivation.

Improving spinach cultivation using artificial lighting which [25] focuses on a specific variety called
“Disease-resistant 388” from the Netherlands, typically grown in open fields. Addressing inconsistencies in
natural sunlight, researchers designed a specialized growth rack equipped with LED chips in red, blue and
green. The research results show that a light ratio of red: blue=4:1 with a lighting duration of 13/11 hours per
day allows the plants to grow more optimally. Meanwhile, Simanungkalit et al. [26] explores innovative
solutions to global food insecurity is an important issue that affects the global population, with the number of
people suffering from hunger increasing every year. Developing a smart system to monitor and control
farming in a closed environment, such as agricultural boxes that do not receive sunlight, is essential. By using
sensors to monitor key conditions such as temperature, humidity, lighting and water levels. The system
ensures efficient, controlled cultivation, offering a promising alternative for sustainable food production.

The growth performance of green spinach with a particular focus on leaf development, which is a
key indicator of vegetative health and productivity. Isaza et al. [27] has shown that environmental factors
such as light spectrum, nutrient availability and temperature significantly influence the number and size of
spinach leaves. Generally, optimal growth conditions promote a higher number of leaves indicating plant
development. Studies comparing traditional soil-based cultivation with hydroponic systems have reported
that hydroponically grown spinach often produces more leaves in shorter time due to consistent nutrient
supply and water availability [28], [29].
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3. METHOD
3.1. System design

In this paper, the smart indoor microgreen system is composed of two levels shown in Figure 1. The
first level is a red-blue LED light scenario, and the second level is a white LED light scenario. Each level
consists of a microgreen tray which is connected to a pipe by a water pump. Both scenarios are treated the
same way with a difference in LED light color. Hardware components are connected to the microcontroller
which is on the very top level to program each component works according to the program. The
microcontroller collects data from sensors which are transmitted to a database for real-time monitoring using
Blynk app. This integration of sensors, actuators, and 10T technology enables users to monitor and manage
microgreen conditions efficiently, supporting consistent and controlled growth without requiring constant
physical presence.
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Figure 1. Smart indoor microgreen system design

3.2. Hardware planning

Figure 2 shows the architecture diagram for a smart indoor microgreen system using loT. The
system consists of both hardware and software. The main controller which connects to all the hardware is the
ESP32 microcontroller which has in-build Wi-Fi. The system is controlled via the Blynk application.
Moreover, each actuator is connected using a relay module which then connects to the breadboard and then
connected to the microcontroller. The smart indoor microgreen system proposed in this paper is divided into
two parts which are controlling and monitoring. The ability to control the system is primarily responsible for
turning on and off water pumps that can be controlled via a smartphone. The monitoring allows the user to
observe the condition of the microgreen plant. Table 1 shows a list of hardware components used in this
research.
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Figure 2. Architecture diagram smart indoor microgreen system
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Table 1. List of hardware components used for developing smart agriculture microgreen system

Hardware components Functions

ESP32 ESP32 is a versatile microcontroller widely used in Internet of Things (IoT). Features a built in Wi-Fi and

microcontroller Bluetooth capabilities which make it compatible with connected devices. It provides low power consumption
with a wide range 1/0 pins that support various sensors and actuators.

DHT22 temperature DHT22 is a digital sensor used to measure temperature and humidity. It provides a precise measurement over a

and humidity sensor wide range with a temperature from -40 Celsius to 80 Celcius and a humidity level from 0% to 100%.

YL-69 soil moisture Soil moisture is designed to measure the water content of soil. The sensor provides an output that can be read by
microcontrollers which allows it to be used in agricultural application.

4 relay module An electronic component used to control multiple devices through a microcontroller that allows a high-power

electricity loads to be connected. The module can be activated by the digital outputs of a microcontroller. It is
used often in automation systems, home security and Internet of Things (loT) applications which provide to
control various electronic devices.

LED lights red-blue An energy light source is used for plants to give an effective growth process. Having low power consumption, it

and White is efficient to be used in indoor farming. The ability to relate to 10T devices gives it an advantage to developing
a smart indoor farming system.

Water Pump A device used to move water from one place to another via a tube. Powered by electricity, depends on its size

the power consumption varieties. The pump is designed by creating a pressure difference allowing water to flow
through pipes or hoses.

3.3. Application for controlling and monitoring

The flowchart of the smart indoor microgreen system process is shown in Figure 3. This flowchart
represents the sequence of steps taken in implementing the system. The flowchart shows how the system will
operate. First the Blynk app will verify the connection with the microcontroller and sensors connected via
Wi-Fi. Then the app will check to verify that your phone is connected to the internet. If it has internet
connection, it will start to read all the information given by the hardware and display it on your smartphone.
Then, users can remotely control and monitor the smart indoor microgreen system via smartphone. This is a
simple and easy procedure for this project, which will make growing microgreen plants more efficient and
effective.

Configuring the Blynk application for controlling and monitoring the implemented system by
accessing the platform website blynk.io to initiate a new project. It is essential to specify the data streams for
each sensor which are connected to allow the application to receive data from the microcontroller. The
application will generate unique authentication token which must be incorporated into the microcontroller
source code programmed in Arduino IDE. Blynk applications could be accessed from a smartphone that
enables users to design their control dan monitor dashboard by integrating various widgets. The project can
be executed by activating the application, thereby enabling controlling and monitoring of the smart indoor
microgreen system.

Within the Blynk interface will display the data streams which were established to read data of each
sensor. The process is shown in Figure 3 in which the user can display the dashboard in the Blynk app and
could manually control the water pump. Displayed in the Blynk application are data information from each
sensor which are temperature, humidity, soil moisture 1, soil moisture 2, water pump 1 and water pump 2.
Information displayed are received real-time in which correspond to the hardware connected.

Open Blynk
Application

|

Display Blynk
Application

Displays
Dashboard

Control Water
Pump Manually?

Water Pump
Turns on

Connected to
the Internet?

End
Read data from
Microcontroller

Figure 3. Application process of the smart indoor microgreen system
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4. RESULTS AND DISCUSSION

The implementation of the Smart Indoor microgreen system hardware model is shown in Figures 4
and 5. The structured model for this system consists of 4 levels, on the very top is the hardware system in
which the microcontroller connects with all the sensors and actuators. The second and third level are the
microgreen growing placements with a red-blue light on the second and white light on the third. Lastly at the
very bottom is placed a bucket of water where a water pump will transfer the water to the microgreen tray via
tubes. The structure is made in a vertical position for maintaining the challenges of limited land in urban
areas.

Figure 6 shows the Blynk control and monitor displays on the smartphone. This is how the display
shows will look on the smartphone screen. The smart indoor microgreen system data information will be
shown via the Blynk application where it will display temperature, humidity, soil moisture 1, soil moisture 2,
water pump 1 button and water pump 2 button. The data is manipulated from the hardware connected to the
microcontroller which has all the connected sensors and actuators. Several tests were conducted on
manipulating the environment to measure their functionality.

Microcontroller
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L\
wrrereeegy o0 \

Red-Blue Light ‘

Scenario Module Relay

Breadbroad

Microcontrolller
ESP32

L ,1' "
White Light |
Scenario |

Water Bucket

Figure 4. Structure model ~ Figure 5. System hardware model Figure 6. Blynk app
display on a smartphone

This paper’s main contribution is its emphasis on indoor farming and light color effect on plants
between both light color exposures shown in Figure 7. Figure 8 shows the result of the use of smart indoor
microgreen system that could be seen on green tray that is exposed to red-blue light. For more detailed
results, Figure 9 shows a close-up image of the white light exposure where the plants show more blossom
than in Figure 8. It is shown that the red-blue light exposure has a better effect on these microgreen plants
rather than the white light exposure. Detailed comparative analysis will be explained in Figures 10 and 11.

* Scenario Red-Blue Light Scenario White Light

Figure 7. Plant growth Figure 8. Scenario red-blue  Figure 9. Scenario white
comparison light exposed plant light exposed plant
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Following the explanation of the Plant growth comparison between two light color scenarios,
detailed comparative analysis is explained with a comparative between height and number of leaves.
Microgreen plants are different than normal growing plants which requires much detail in analyzing the
plants’ growth. Analysis was carried out by taking 20 samples of stems for each tray and 3 tests are
conducted to ensure the optimal analysis. Each 20 samples were measured for their height and their number
of leaves; the height is measured with a unit of Centimeters and the number of leaves is measured with each
leaves counted.

Implementing random sampling for each tray shown in Figure 10. Figure 10(a) shows the average
plant height from each microgreen sample exposed to red-blue light and Figure 10(b) shows the average plant
height from each microgreen sample exposed to white light. Each sample is taken 20 samples which will be
calculated its heigh with a unit centimeter. While a visual comparison between the two light treatments
suggests only minor differences, variations in the average plant height are noticeable. This observation
highlights the importance of conducting statistical analysis using t-test method. Evaluating significantly
thereby testing the hypothesis regarding the effect of light color on microgreen growth.
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20 ’ w 85
2 85 . £ 30 I

20 75

Microgreen Microgreen Microgreen Microgreen Microgreen Microgreen
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Figure 10. Plant height exposure to (a) red-blue light and (b) white light

Following from the comparison of height between red-blue and white light from Figure 10(a) and
Figure 10(b). For better analysis to know the significant difference between these two light colors it is
necessary to conduct a statistical analysis using a t-test method. Determining the hypothesis of significance
plant height which are Hy= There is no difference in microgreen growth between red-blue light and white
light and H;= There is a difference in microgreen growth between red-blue light and white light. Calculating
from the formula below, in (1) and (2) focuses on calculating the Mean. In (3) and (4) calculate the standard
deviation to be able to calculate the T value in formula (5). Lastly, calculating the degree of freedom in
formula (6) to obtain the right p-value in the t-table.

Calculating the average (mean):

_ 96.5+92.9+86.1 _ 2755

X, =220 20 — 91,83 1)

& — 96.7+838+84.8 — 26:.5 =89.83 (2)

Calculating the standard deviation:

_ 2 _ 2 _ 2
5, = \/(96.5 91.83)%+(92.9-91.83)“+(92.9-91.83) — \/21.84-+1.15+32.82 — @ _ (—27905 ~ 528 (3)

2 2 2

— 2 — 2 _ 2
s, = \/(96.7 89.83)2+(88-89.83)2+(84.8-89.83) =\/47.16+3.34+25.20 _ \/75.70 V3785 ~ 6.15 )

2 2 2

Calculating the t value:

91.83—-89.83 2 2 2 2
= = = = =2 ~0427 (5)
\/5.282+6.152 J27491+37485 1/9.303+12.617 V21.92 4.68
3 3 3 3
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Calculating the degree of freedom (df):

It can be seen from the value of t ~ 0.427 dan the value of df = 4, then if adjusted to the t-table that
the t value is very small and the p-value is much greater than 0.05. From this conclusion indicates the t-test
calculation by accepting H,, meaning there is no significant difference in the heigh of microgreen plant
growth between red-blue and white lighting.

Occurring for the number of leaves with a random sampling is implemented for each tray shown in
Figure 11. Figure 11(a) shows the numbers of leaves from the exposure of red-blue light from each
microgreen sample and Figure 11(b) shows the number of leaves from the exposure of white light from each
microgreen sample. A total of 20 individual samples were randomly selected from each tray, and the number
of leaves per sample was recorded. Although the visual differences between red-blue and white light
treatments appear minimal, there is some variation in the average number of leaves. This also suggests the
need for a statistical analysis to determine whether these differences are significant. Therefore, a t-test will be
employed to test the hypothesis and assess whether the variation in the number of leaves between two light
colors is statistically significant.
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Figure 11. Plant number of leaves exposure: (a) red-blue light and (b) white light

Comparison between the number of leaves between two light colors shown in Figure 11(a) and
Figure 11(b). White light exposure shows a smaller number of leaves compared to red-blue light, this is
proven the red-blue light shows better growth than the white light, but it is still necessary to conduct a
statistical analysis using t-test method to determine the significant comparison. Hy,= There is no difference in
microgreen growth between red-blue light and white light and H,= There is a difference in microgreen
growth between red-blue light and white light. Calculating from the formula shown below, in (1) and (2)
focus on calculating the Mean. In (3) and (4) calculate the standard deviation to be able to calculate the T
value in (5). Lastly, calculating the degree of freedom in (6) to obtain the right p-value in the t-table.

Calculating the average (mean):

& — 53+532+4—6 — 1751 = 5033 (7)
& — 35+339+35 — 132 =36.33 (8)

Calculating the standard deviation:

— 2 —- 2 —- 2

5, = \/(53 50.33)2+(52 520.33) +(46-50.33) — \/7.11+2.728+18-75 — \/zszﬁ =+/14.32 ~ 3.78 (9)
_ 2 - 2 — 2

5y = \[(35 36.33)2+(39 326.33) +(35-3633)2 _ \/1.78+7.211+1-78 _ \/g =+/533 ~ 2.31 (10)
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Calculating the t value:

50.33-36.33 14 14 14 14
517 \/3,732 2312 J14.29 533 VA76+178 V654 256 547 (11)
3 3 3 3
Calculating the degree of freedom (df):

It is proven from the calculation above that the value of t=5.47 with a value of df=4, adjusted to the
distribution table which the value of t is smaller than 0.01. This indicates the analysis proven to accept H;
means there is a significant difference between the number of leaves in microgreen plant growth between
red-blue and white lighting.

5. CONCLUSION

In conclusion, the smart agriculture microgreen system using loT hardware has functioned as
programmed within the setpoint and accomplished its objectives. Those appliances can be monitored and
controlled successfully. According to the study’s findings, this smart agriculture microgreen system has
obtained a functional IoT system. Overall, the implemented system has worked according to the user’s
expectations which can be monitored and controlled over by a smartphone user. Other findings which were
obtained by comparing light red-blue color and white color, both scenarios in growing microgreen plants
have shown almost a comparable result in which it is needed for an analysis statistical test. Implementing t-
test has proven the calculation for plant height with a t value of 0.427 and accepting H, meaning there is no
significant difference. However, the calculation for number of leaves with a t value of 5.47 and accepting H,
meaning there is a significant difference. Based on the results of statistical analysis, red-blue lighting
significantly increased the number of leaves in green spinach plants without being accompanied by
significant increase in plant height. This indicates that the plant growth response is more focused on leaf
development than stems. Morphologically, spinach is a plant whose leaves are consumed and tends to
allocate more resources on leaves to photosynthetic than vertical growth. Compared with vertical growth in
stems, leaf growth shows a higher priority in the adaptation strategy to their growing environment.
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