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There are a wide variety of new microprocessors that are easy to program and configure to perform complex tasks, and with the
right features, sensors, and additional mechanisms, we can prepare them to monitor and take care of the crops with automated
processes. Soil moisture, air temperature, humidity, CO,, and water level are some of the most basic parameters to monitor
with sensors, but any type of sensor can be added if the signal is adapted so that the microprocessor can read it. The data read
from the sensors allow us to control and automate processes using relays connected to a variety of external components like
illumination, refrigeration, and irrigation systems. We present a solution to the environmental monitoring hydroponic system
based on IoT. The developed device is a low powered, and the data obtained is transmitted via Zigbee to a central system
where we can configure and control all the devices paired, so it is relatively easy to implement and escalate.

1. Introduction

The innovation in control systems for agriculture using IoT
devices comes from the need to improve the production and
reduce the waste of energy and resources, making it more
economically accessible [1-3]. With IoT devices, we can
deploy a mesh of devices with various essential sensors that
allows us to monitor and control the crops in a fast, easy,
and scalable way, archiving a big amount of data about all
the crops [4, 5]. With all the data obtained, we can create
processes that will take care of the crops according to their
necessities (variable photoperiod, irrigation schedule, tem-
perature control, ventilation, etc.) [6, 7], archiving precision
farming [8-10], reducing the waste of energy and resources.
This also leads us to find the best photoperiod or automation
to produce a better crop performance [11, 12], as we have all
the data we need. Linking processes followed by the obtained

results, we can improve the system iteratively, fulfilling the
need to grow more food for the population, which is grow-
ing more and faster [13, 14].

A wireless sensor network (WSN) is the perfect technol-
ogy to implement with these emergent IoT technologies, as it
satisfies the necessity to make the system simple, easy to
deploy, scalable, and dynamic [15-17]. For a few years, we
have seen how different studies developed WSN based on
IoT for smart agriculture. Somov et al. and Miorandi et al.
presented a deployment of a WSN based on the Libelium
IoT products for smart agriculture for the control and mon-
itoring of a tomato greenhouse where IA and cloud comput-
ing technologies were applied [18, 19]. Montoya-Munoz and
Rendon also used the Libelium IoT products among others
like Intel and Omicron to make an approach to fog comput-
ing for providing reliability in data collection using IoT
devices in a Colombian coffee smart farm [20]. Other studies
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TaBLE 1: Related works.
Reference Description Technology Sensors/systems
(i) Transmission protocol: NRF24L01 (between
sink node and the rest of nodes) and Wi-Fi
Mesh-like configuration system with nodes that can (between sink node and server) (i) Soil moisture
[22] control sensors and act as actuators for external  (ii) Sensor node devices: ATmega (ii) Temperature
systems like valves microcontroller and humidity
(iii) Raspberry sink node
(iv) Server for data storage and web application
(i) EC (electric
conductivity)
(ii) Flow solution
(i) Transmission protocol: Zigbee (iif) Temperature
(ii? Sensor node devices: ATmega (iv) PAR
IoT deployment for monitorization and control of a rr.%%cro.con.trollers (photosynthetically
[18] tomato greenhouse using a wireless sensor network, (¥11) Libelium gateway . active radiation)
cloud computing, and artificial intelligence (I.V) Web vserver for data stgrage, retrlev'al and idi
puling 8 visualization growth modeling, and optimal (v) Humidity
planning (vi) CO,
Monitoring and visualization (vii) Heating and
ventilation system
(viii) High pressure
sodium bulbs
(i) Temperature
[20] Approach using IoT-fog-cloud architecture using gztgr:;;r;ﬁ system flllll)nizl;;ve

machine learning to detect outliers and another

Libelium system

(iii) Light intensity
(iv) Soil moisture

Deployment of mesh-like nodes using IoT devices to
read sensors, control external system, and a
LabVIEW interface to configure and monitor the
nodes

Our proposal

(i) Transmission protocol: custom protocol
using Zigbee

(ii) Sensor node devices: ATmega
microcontrollers

(iii) Web server for data storage and LabVIEW
for control and visualization

(i) Ambient
temperature and
humidity

(i) Soil moisture
(iii) CO,

(iv) Water level
(v) Nlumination
system

(vi) Refrigeration
system

(vii) Ventilation
system

are starting to use the 5G network, which is fast and has a
wide coverage, making it perfect for smart farming using
Al-powered robots and cloud computing for data processing
and real-time monitoring [21]. The Agrinex system [22]
connects sensor nodes that will take the measurements with
a sink node using a nrf24101 module (that uses a free fre-
quency band) connected to a server and web application,
acting as a bridge.

As we can see in Table 1, the use of state-of-the-art tech-
nologies in this area is being adopted and implemented
quickly. But there is a gap that needs to be solved: the
security and ease to use by any end user. The system we
are going to talk about is like the previous commented sys-
tems in the IoT section (hardware and transmission proto-

col). But unlike the other systems, we are using a custom
communication protocol, which makes the device pairing
easy and protects the communication between the devices
with a custom encryption protocol. However, the most
important thing is the interface, with which the user will
interact to configure and control the controllers, photope-
riods, and automations in an easy way.

As an experimental test, we have planted two different
varieties of blueberries. The plants are located on a special
reservoir with good isolation from the outside. This reservoir
is prepared for setting up grow lights, ventilation, refrigera-
tion, and irrigation systems. A connector interface has been
placed on the reservoir, so we can place the controller out-
side (Figure 1). The parameters to be measured are ambient
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FiGure 1: Crop encapsulation.

temperature and humidity, soil moisture, CO, in the air, and
the water level of the irrigation tanks.

The controller is designed to connect all the sensors and
external systems needed in any connector intended for that
use, adapting the device to our needs.

The data will be transmitted from the controller (one or
more) to the coordinator. The coordinator will manage all
the data and send it to the server, which will manage and
store it in the database. The server will send commands to
the coordinator to manage the photoperiods and automa-
tions that the user has configured (Figure 2).

2. Materials and Methods

2.1. Sensor Characterization. All the chosen sensors for the
system are low powered and use the same operating and
supply voltage, because we want to be able to connect almost
every sensor to any connector. But there are specific connec-
tors depending on the communication protocol the sensor
uses (UART, i2c, simple analog/digital connection, etc.).

In this experiment, we are testing if the data obtained
from our sensors is reliable. The CO, sensor is a MH-Z16
(using UART protocol); the temperature and humidity
sensor is an AM2305 with digital output, a simple resistive
analog soil moisture sensor, and a XKC-Y25-NPN touchless
sensor for the water lever on the tanks.

The connectors on the controller are SP16 IP68, and the
encapsulation of almost all the sensors has been modified to
make all connections to be watertight.

2.2. Communication Protocol. The wireless communication
protocol is one of the cores of this project. In this case, we
are designing a scalable and easy to deploy system
(Figure 3), so the communication protocol between the
coordinator and the controllers must be wireless [15].

There are many options to choose for wireless com-
munication (Wi-Fi, LoRa, Bluetooth, and Zigbee). How-
ever, the best choice for this project is the Zigbee
protocol. Zigbee is a set of protocols based on the IEEE
802.15.4 standard [23, 24]. This protocol was made to
meet the need for low power consumption, easy to imple-
ment, and scalable. In fact, the scalability is its best qual-
ity, because it uses a mesh topology which interconnects
the devices dynamically, creating multiple paths. This is
the reason why a Zigbee-based system is easy to deploy
and scale.

This design is very common to see on monitoring
and control systems based on IoT in agriculture. It is
relatively easy to develop using the actual technologies
[22]. In this case, the followed architecture is a four-
layered one (application, processing, transport, and per-
ception) [25, 26]:

(i) Application: the IoT application of the system, like
monitor and control the crops

(ii) Processing: how the data is stored, processed, and
visualized

(iii) Transport: the communication protocol used

(iv) Perception: the physical devices and the interaction
between them

For now, we are using one controller for the experimen-
tal test, but we have made tests to check that the system
works correctly by adding more controllers.

As you can see in Figure 4, before sending the data via
Zigbee, the data is encrypted by our custom protocol and
decrypted when received. In this case, the coordinator and
the controller can be both, sender and receiver.

2.3. Controller. A device is based on an Atmel microcon-
troller, where all the sensors and external systems are
connected. It has two inputs for UART sensors, four
inputs for simple analog/digital sensors, one input for i2c
sensor or devices, four outputs connected to one relay
each one for external systems, and one more connector
for the power supply.

The controller is connected also to a Zigbee module to
communicate with its paired coordinator (Figure 5). A led
will give basic information about the status of the device.

We can pair several controllers with the coordinator
using a custom pairing method developed for this system
(Figure 6).
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F1GURE 5: Scheme of the designed controller system. Where we
have the sensor connectors, the microcontroller with analog and
digital inputs and outputs, the Zigbee communication module,
and a USB module for power and programing the controller.

2.4. Coordinator. Another device is based on an Atmel
microcontroller. This one only has a Zigbee module to
communicate with its paired controllers and a USB port to
communicate with a PC (Figure 7). This device will be the
bridge between all the controllers and the server.

The advantage of the custom protocol designed is that
the pairing with the controllers is performed automati-
cally when the coordinator is powered on, so the user
only waits for the pairing process to end (the end of
the process is notified when the LED of the coordinator
stops flashing).

2.5. Server. Last, we have the PC that in this case will be
on the server and control panel. It sends and receives data
from the coordinator and stores the data obtained in the
database. In addition, it executes a graphic interface made
with LabVIEW, where we can monitor (Figure 8) all the
data and configure all the controllers paired individually,
as well as the schedules, photoperiods, and automations
that we want to implement. In the background, a Python
script will be running to manage all the data and commu-
nication between the coordinator and the PC (Figure 9).
All the configurations and operations made with Lab-
VIEW are stored in the database, so the Python script will
notice and run them.

3. Results and Discussion

3.1. Experimental Measurements. For testing, we have used
only one controller with a digital temperature and humidity
sensor, an analog soil moisture sensor, one CO, UART sen-
sor, and four external devices: a grow light, a water pump for
the irrigation, and refrigeration and ventilation systems.

The controller has been configured using LabVIEW, as
well as the photoperiod to control the light system and
two automations to control the irrigation, ventilation,
and refrigeration systems. Both the illumination and the
automations are executed following a schedule configured
by the user.

For monitoring all the data, we have prepared a window
on LabVIEW (the viewer) where we have chosen the data we
want to monitor. In this case, we are monitoring the data
from all the sensors and external devices connected to the
controller. By default, the controller executes only the oper-
ations to manage the photoperiods and the automations
stored in it. To send the commands to the coordinator and
read the sensors from a controller, we have to open the mon-
itoring window on LabVIEW, where we can choose the con-
troller to monitor and its sensors and photoperiods/
automations configured. LabVIEW will create all the neces-
sary commands and store them in the database. The Python
script will send the commands stored in the database auto-
matically to the coordinator.

With all the configurations done, the pipeline will be
the next:

(i) The controller will execute all the automations
stored automatically, reading the necessary sensors.
The photoperiod will be controlled by the Python
script, which will send the commands to turn on
and off the light (Figure 8)

(ii) The viewer on LabVIEW will generate the com-
mands every certain time and will be stored on the
database. The Python script will send them to the
coordinator

(iii) The automations will also work with schedules cre-
ated by the user, so the script will generate the com-
mands to enable or disable them following the
schedule associated

The controller has a little memory which stores the
actual state of the photoperiod, the automations config-
ured, and the sensor and the external systems that it has
connected to it. Therefore, if there is an unexpected shut-
down of the system, the controller will be able to reset
itself and work again. In the case we want to change the
control of any external system/device to manual mode,
we can do it with the viewer on LabVIEW, being able to
turn on or turn off them. We can turn on the automatic
control again if we want.

4. Results

With the data stored in the database, we can visualize the
values obtained from the sensors.

With the readings obtained from the ambient
humidity/temperature sensor placed within the reservoir,
we can see that before the configured photoperiod turns
on the lights, the ambient temperature is decreasing,
reaching a minimum of 16.2°C while the ambient
humidity is stable at =62%. This happens because with
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FiGure 7: Coordinator flow chart.

nightfall, the temperature decreases, but the humidity of
the reservoir is maintained since it remains isolated from
the outside. When the photoperiod turns on the light,
the temperature increases dramatically, reaching a maxi-
mum of 25.5°C while the humidity drops considerably
to a minimum of 38.8% (Figures 10 and 11). The heat
emitted by the light is causing this variation. When
the photoperiod turns off the light again, we see how
the temperature starts decreasing and the humidity starts
increasing again.

We can also see a variation of the temperature and
humidity when the temperature reaches the limit of 25°C
(Figure 10 and Table 2). This happens because we have con-

figured an automation that turns on the ventilation system
and the refrigeration system when the temperature sensor
detects that the temperature inside the reservoir is equal or
higher that 25°C. When this happens, the temperature sud-
denly drops below 25°C again and the ventilation and refrig-
eration systems stop (because the temperature is now below
the threshold that triggers them). This series of events causes
us to see this saw shape on the chart.

When the ventilation and refrigeration systems are
turned on, they achieve their goal, but we see that the tem-
perature drops too much (reaching a drop of more than
1°C), so a drop in the power of the refrigeration system
should be considered.
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TaBLE 2: Ambient temperature and humidity results.

Max. temp. ("C) Min. temp. ("C)
Light off (00:00 to 06 : 00) 182

Light on (06:00 to 22:00) 25.5
Light off (22:00 to 00:00) 24.6

Max. humidity (%) Min. humidity (%)
16.2 61.8 60.7
23.8 56.4 38.2
18.4 63.6 47.1
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We also see how the humidity varies too much when these
systems are activated, something that could affect the health of
plants, so it would be interesting to try not to activate the ven-
tilation system together with the refrigeration system.

These results also help us to see how the configured
automations have successfully activated the ventilation and
refrigeration systems.

The data from the CO, sensor (Figure 12) is taken from
the outside of the reservoir. The sensor was placed outside
because the controller was not able to read the data from
the sensor when it was placed inside. We are currently inves-
tigating this issue, but the most probable reason is that the
extra connectors to interconnect the sensor inside the reser-
voir with the controller placed outside and the length of the
cable are corrupting the signal. For this reason, we have
decided to test the sensor taking readings from the office
where the reservoir is placed to test the sensor itself.

As shown in the graph, we can see how the ppm (parts
per million) of CO, in the air increases when there are peo-
ple working in the office. The breath of the workers and the
computers are causing this increase. When it is lunchtime
and the office empties, the level of CO, decreases to a mini-
mum of 774 ppm and increases again when the lunchtime is
over, reaching 1420 ppm. At 18:00, all people leave the
office, and the computers are off, causing the CO, level to
decrease again, reaching 502 ppm before the sensor turns
off (Table 3). Considering the situation in which the sensor
has been tested, the data obtained is what you would expect,
so there should be no problems implementing it correctly
once the reading error problem has been solved.

The data from the soil moisture (Figure 13) were taken
at a time interval of approximately two and a half days.
Recently watered, it starts with 100% of soil moisture. The
fast initial decrease of the soil moisture is due to the heat
caused by the light. When the photoperiod turns off the
light, the soil moisture decreases more slowly. When the soil
moisture is below 50%, approximately, the decrease slows
down and the heat of the light does not affect as much as
it did at the beginning because the surface of the soil is
already dry, while the soil moisture is kept below it.

5. Conclusions

This system design allows us to approach a wide variety of
situations, making it a great solution to monitor and control
the crops. It can be adapted to the most common necessities,
being easy to configure and deploy, relatively cheap, and low
powered. In addition, based on the data obtained, we can
improve the system by modifying all the automations and
photoperiods, achieving better efficiency.

Despite the system is a good solution to automate and
monitor the crops, it has its limitations. The number of con-
nectors is limited, and even if the user can configure where
to connect each sensor, depending on its communication
protocol, it must be connected to a compatible connector.
Also, the power supply of all the sensors must be 5V,
because it is the voltage that the connectors provide.

Another factor to consider is that if there are a lot of con-
trollers, the number of coordinators should be increased too.

Journal of Sensors

If a coordinator has too many controllers under its control,
the system will slow down since the communication with
its controllers is carried sequentially.

But on the other hand, the user can adapt the system to
its necessities. Since the device is low powered, it can be
attached to small batteries and portable solar panels and
placed easily. Even with the described limitations, the cus-
tomization that can be applied to the system is higher than
the other similar systems mentioned. For example, you can
configure the controllers to connect only one type of sensor,
like soil moisture sensors, or configure it to work with sev-
eral different sensors, like we did in our tests. The user only
has to wait for the coordinator to perform the automatic
pairing process to establish communication with the con-
trollers nearby and then configure the system as he wishes
using the graphic user interface designed with LabVIEW.

In addition, the ability to configure custom photoperiods
and automations with custom schedules in an easy way for
the user is the core of the system to automate the crop and
achieve a better performance compared to the other systems
on the market.

For now, the results of the test with the blueberries are sat-
isfactory. The growth stage is finished, and now, the photope-
riod has changed to the next step, the flowering stage, where
the plant should start growing the fruit. Nevertheless, we have
noticed some things. First, the soil moisture sensors have lost
precision since their first implementation. After checking the
sensor, it seems that the cause of the precision decrease is due
to the electrolysis corrosion. This happens because the sensor
is always powered on, so the exposition to a moist environment
causes this effect [27]. To solve this, the best solution is to
power off the sensor when it is not taking any measurement.

Another effect, we have noticed is the redness on the leaves
of the blueberries. This is due to the proximity of the luminaire
and its infrared LED. The plant changes the color of its leaves
to adapt itself to the environment conditions. Turning the
leaves red causes the infrared component of the light to be
rejected. To solve this, we will move the luminaire further
away from the plant and its spectral range will be managed
with the controller (the luminaire has this function).

The length of the cable that connects the sensor to the
controller is also something to take care of, because it can
affect the reliability of the data obtained, especially with ana-
log sensors like the soil moisture sensor. One sensor that has
been particularly affected is the CO, sensor, which seems
that, due to the length of the cable and the extra connector
of the reservoir, the data is not reaching the controller prop-
erly, causing reading errors.

For future improvements, apart from solving the prob-
lems found, we are adding more sensors to have a better pre-
cision, like a light micromole sensor, or sensors for the
maintenance of the system like a flood sensor, with the
objective to make this project a solution for a wide variety
of situations with different needs.

Data Availability

The reviewer can obtain more information in the web page
https://venalsol.com/es/content/ledcultivo-innovacion.
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