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Abstract. Tissue culture is one of the technological developments in the field of agricultural
production. This technique is one way of vegetative nurseries to produce ready-to-plant
seedlings. The benefits of plant propagation by tissue culture include reproducing pantogen-free
plants in large numbers and in a relatively short time. However, in plant propagation by tissue
culture it is necessary to pay attention to the factors that affect its success, for example
environmental conditions. Environmental condition factors consist of irradiation intensity,
temperature and humidity. The intensity of lighting affects the photomophogenesis process of
the explants, while the temperature affects the formation of plant organs and the unstable
humidity can make the explants and plantlets grow abnormally. In the Tissue Culture which is
carried out at the Laboratory of the Department of Agricultural Production, the State Polytechnic
of Jember, also often finds culture failure or it is called kontam (mushroom culture / rotten culture
/ dead culture) due to the influence of an uncontrolled environment. Manual monitoring activities
require more effort and time, and the results obtained are not entirely effective. Based on these
problems, this study designed a web system that can monitor temperature, humidity, and light
intensity as well as remote control of tissue culture rack lighting based on Microcontrollers and
Computer Networks. This system utilizes trending technology, namely the Internet of Things
(IoT) and cloud computing. The internet of things allows the results of sensor readings to the
temperature, humidity and light intensity levels of the tissue culture room to be accessed by the
website. In addition, it also allows the website to adjust the brightness of the lighting according
to the needs of the plants. In internet of things communication in this study, the compilers used
the MQTT (Message Queuing Telemetry Transport) protocol which has the advantage of being
able to run on small bandwidthIntroduction.

1. Introduction
Tissue culture is one of the technological developments in the field of agricultural and food production.
This technique is one of the vegetative nurseries in producing ready-to-plant seedlings because each
plant cell has the ability to divide or multiply to form new individuals (tettipotency) [1]. Plant
propagation with tissue culture is useful for reproducing pantogen-free plants in large numbers and in a
relatively short time, in contrast to conventional plant propagation which is considered slow [2]. [3]
stated that the advantages of plant propagation through tissue culture are:

e Does not require a large space because it is done on a culture bottle.

o Free of disease, pests, and viruses because it is carried out in aseptic conditions.
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The time for propagation is fast and unlimited.

It doesn't depend on the season or climate.

The mother plant can be stored in vitro so it does not require maintenance in the field.
Save time, effort and cost.

The resulting seedlings have roots (plantlets), so they can quickly grow in the field.

However, plant propagation by tissue culture needs to pay attention to the factors that influence the
success of the nursery, one of which is environmental conditions. Environmental condition factors
consist of irradiation intensity, temperature and humidity. Light intensity affects the photomophogenesis
process of explants, while temperature affects the formation of plant organs and unstable humidity can
make explants and plantlets grow abnormally [4].

In the Tissue Culture Laboratory of the Department of Agricultural Production, Jember State
Polytechnic also often finds culture failure or it is called contamination (mushroom culture / rotten
culture / dead culture). Even in every block of tissue culture shelves there are cultures that die and don't
grow. Based on the results of interviews with the head of the laboratory, contaminants can occur due to
fungi and the unstable lighting of the tissue culture room. Moreover, the need for irradiating each type
of plant in the tissue culture block is different. These different needs also make laboratory staff have to
frequently visit the culture room to monitor the temperature, humidity, and irradiation intensity of each
culture block. Manual monitoring activities require more effort and time, and the results are not fully
effective.

Based on these problems, this study designed a web system that can monitor temperature, humidity,
and light intensity as well as remotely control tissue culture rack lighting based on Microcontrollers and
Wireless Sensor Networks[4][5]. This system utilizes trending technologies, namely the Internet of
Things (IoT) and cloud computing [6]. Internet of things allows the results of sensor readings to the
level of temperature, humidity and light intensity of tissue culture space can be accessed by the website
[7]. In addition, it also allows the website to adjust the brightness of the lighting according to the needs
of the plants. In internet of things communication in this study, the compilers used the MQTT (Message
Queuing Telemetry Transport) protocol [8] which has the advantage of being able to run on a small
bandwidth. The use of cloud computing services on systems designed by compilers is an attempt to
allow access to resources and applications from anywhere via the internet network. All data is processed
and stored in the cloud, which can also be accessed easily by users. In this case, the tissue culture
laboratory conditions can be monitored and controlled[9] from anywhere without having to come to the
location, so as to save time and effort in the process of tissue culture nurseries.

Internet of Things (IoT) is a concept of expanding the benefits of internet connectivity that is
connected continuously to meet human needs. Apart from sharing data, IoT allows data transfer over
the internet without human-to-human interaction, which aims for machine-to-machine connectivity[10].
The internet of things has fundamental characteristics, namely:

e Interconnectivity: The interconnectedness of the global information and communication
infrastructure.

e Things-related service: IoT is able to provide services related to matters within these limitations,
such as privacy protection and simantic consistency between physical objects and related virtual
things. The goal is to provide services related to matters within its boundaries, both technology
in the physical world and in the information world to change.

e Heterogeneity: loT devices are heterogeneous or different based on different hardware
platforms and networks. They can interact with other devices or service platforms over different
networks.

e Dynamic changes: The state of the device dynamically changing, connected and/or
disconnected as well as the context of the device including location and speed. In addition, the
number of devices can also change dynamically.
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e Enormous scale: The number of devices that are required to be managed and that communicate
with each other is at least greater than the number of devices connected to the internet. What is
more important is the management of the data generated and their interpretation for application
purposes.

1.1. Hardware Design

The prototype case is made using 3D printer technology. The prototype is designed with a size of
4x4x20cm. The device consists of a sensor and controller box frame at the top, and a battery box at the
bottom. The battery part is designed to be detached when recharging. The box design is designed using
CAD which is then converted to * stl format. Figure 1 is the chassis design used for the monitoring
device. The electronic circuit consists of a power circuit, a microcontroller shield, and a series of sensors.
The stage of making electronic circuits begins with designing the PCB layout according to the system
block diagram that has been made. Figure 2 is a system block diagram of the device created.
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Figure 2. System block diagram of the device created

1.2. Software Design
The website is built using node-red software that has been installed on the cloud so that when building
the website the computer / laptop used must be connected to the internet and access the IP cloud. The
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way to access nodered is to use an IP address with port 1880. Nodered is installed on the cloud server
so that the access method uses the IP address of the server, namely 45.32.124.242. Development of a
nodered website begins with structured connection of nodes. Nodered website developers must manage
each node used. The nodes are configured with settings and some scripts in them. The script for this
nodered uses the javascript programming language. At the planning stage, the website is designed with
four website pages so that there are 4 (four) flows in the nodered website development. Figure 3 is a
programming flowchart on the rasberry pi server using node-red.
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Figure 3. The programming flowchart on the rasberry pi server using node-red

The second is programming the Arduino IDE for microcontrollers. Wemos D1 Mini is used to access
temperature, humidity and light intensity sensor data and then send it to the raspberry via a wifi network.
Data transmission is carried out per 10 minutes. The programming flowchart for the microcontroller is
shown in Figure 4.
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Figure 4. The programming flowchart for the microcontroller

2. Result and Discussion

2.1. System Realization

Power for the system using 2 batteries 85760 arranged in parallel. By using the balancer module, the
battery can be recharged using a 5v usb charger. In addition to the electronic box which consists of
several circuits, there are other parts that are related to and are still part of the electronic circuit, namely
the sensor circuit. A sensor circuit like this consists of two slots as a place to place the sensor. This
sensor circuit is connected directly with a cable to the i2¢ pin (SDA / SCL) of the microcontroller. The
PCB design used in the device is shown in Figure 5. The battery box and electronic circuit are designed
separately to make recharging the device easier. The sensor box is equipped with an indicator LED as a
sign that the sensor is working or dead. Figure 6 is the result of the form of the device used for the
monitoring system.

Figure 5. Design of Wemos D1 Mini PCB Shield
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Figure 6. The fo of the device used for the monitoring system.

In accordance with the planning stage for software, the website is designed with four website pages
so that there are 4 (four) flows in the nodered website development. A series of nodered nodes that are
made to design a website is described in Figure 7. The home menu flow contains the subscribe mqtt
node which functions as a receiver for sensor data published by the microcontroller. This node is
configured with the appropriate topic name in the Arduino program embedded in the microcontroller.
In addition, there are output nodes that are used to display the data received and processed so that it
becomes information that is easily understood by users. Output nodes can be gauge widget, chart, text,
and template widget node for creating table views. The node configuration on the home menu is the
main configuration for getting data to be stored in the database with the help of the database node so
that the stored data can be used in data processing in other menus.

A series of nodes configured in such a way as to produce a website design that can be accessed by
typing "IP_Address: port/ ui" (45.32.124.242:1880/ui) in the browser url tab. This illumination standard
is displayed with the aim of making it easier for users to compare the current level of illumination with
the appropriate or different standards so that they can quickly perform treatment. At the bottom of the
home menu there is a monitoring and controlling history table which can always be updated to find out
details of changes in environmental conditions and control activities that have recently occurred.
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Figure 7. A series of nodered nodes that are created to design a website
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2.2. Testing result

Testing the accuracy of sensor readings is done by comparing the sensor reading value with the value
shown by the measuring instrument. The measuring instrument used is the environment meter. Based
on the test table 1 and 2 shows that the sensor readings of the three parameters, namely temperature,
humidity, and illumination are quite accurate with a reading value that is not much different from the
reading by the measuring instrument. The percentage error of the average temperature reading is 0.03%,
the average humidity reading is 0.02%, and the average illumination reading is 0.07%.

Table 1. The sensor readings of the three parameters, namely temperature, humidity, and illumination

Temperatur (°C) Humidity (%FH) Thiminasi (Lux)
No Alat Alat Alat
Sensor %serror  Sensor YeRTTOT Sensor Yeerror
ukur ukur vkur

1 3048 313 003 77,10 76.2 0.01 201.89 165 0.18

2 3048 313 003 7729 752 0,03 308,28 265 0,14
3 3047 315 003 76.79 T76.6 0,00 388.86 403 0,04
4 30,51 317 0,04 7733 755 0,02 503,22 442 0,12
5 30,52 319 0,04 77.09 743 0,04 608.14 608 0,00
6 3054 31.7 0.04 77.08 741 0,04 703,14 683 0,03
7 30,57 315 0,03 77.14 75 0.03 797.6 806 0,01
8 3055 314 0,03 76,28 748 0,02 900,04 885 0,02
9 3055 314 003 76.14 744 0,02 100048 929 007

10 30,52 313 0,02 76,11 745 0,02 1099.834 1034 0,06

Rata-rata error 0.03 Rata-rata error 0,02 Rata-rata error 0,07

Furthermore, realtime testing of sensor readings is carried out. This test aims to determine the length
of time required to transmit data from the sensor to the website using the MQTT communication
protocol. Figure 8 is a display when the monitoring application is run.

Table 2. Sensor data transmission time

Waktu Transmisi Data Sensor

Data ke- = i i i
Transmus: Tiume Recewve Time Range Tume
1 00:44:56.547 00:44:55.397 00:00:01:150
2 00:44:58.556 00:44:57.407 00:00:01:149
3 00:45:00.562 00:44:59.392 00:00:01:170
4 00:45:02.590 00:45:01.427 00:00:01:163
5 00:45:04.581 00:45:03.427 00:00:01:154
6 00:45:06.603 00:45:05.427 00:00:01:176
7 00:45:08.622 00:45:07.447 00:00:01:175
8 00:45:10.625 00:45:09.447 00:00:01:178
9 00:45:12.656 00:45:11.467 00:00:01.189
10 00:45:14.635 00:45:13 487 00:00:01.148
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Figure 8. Display when the monitoring application is run

Based on the test, the percentage of monitoring system error is very minimal at 0.009%. For the
precision of illumination, there is a TSL2561 sensor calibration process to adjust the brightness level of
a given lamp with the current lighting conditions to match the standards inputted by the user. The fastest
calibration time is +14 seconds and the slowest is +54 seconds. Based on the test, the lighting level other
than the control lights in the room does not really matter.

3. Conclusion

The web-based monitoring and control tool has been successfully designed in prototype form. Device
testing has been carried out with the end result that all website features are successfully running
according to design. Sensor readings can be said to be accurate with a very small percentage error value,
namely 0.03% for the temperature reading, 0.02% for the humidity reading, and 0.07% for the
illumination reading. The data transmission speed between the software and hardware is quite fast,
which is +1 second for sending sensor data to the website and + 1-2 seconds for the standard control
action of the website's illumination against the lighting.
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