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Abstract—Smart farms are a technology that greatly helps improve the productivity and quality of crops and is being actively introduced
into indoor environments such as greenhouses. Various sensors are installed in greenhouses to collect data, which Al analyzes to find
the optimal crop growth environment. Various studies have been conducted to control this environment automatically. However, it has
not yet been distributed to field-grown crops. The main reason is that, unlike indoor environments, it is tough to collect sensor data to
monitor the growth environment of crops in open fields where weather conditions change significantly and the power supply is complex.
Additionally, because various sensors are used, the data formats of the devices are different, making it difficult to process. This paper
presents a field crop growth environment monitoring and big data analysis system. The proposed system first solves power supply and
data communication problems using solar power generation and LPWA technology. Additionally, based on the oneM2M architecture,
data from various sensors is transmitted to the server using standardized technology. The transmitted data is stored and managed on
the server as big data and can be used to predict the production and quality of field-grown crops and take appropriate measures. The
proposed system is expected to create an environment optimized for the growth of field crops and help prevent and manage diseases.
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information at low power [7], [8], [9], [10]. LPWA
I. INTRODUCTION communication encompasses several protocols and
technologies. For example, there are Narrowband Internet of
Things (NB-IoT), Long Term Evolution for Machines (LTE-
M), and Long Range Wide Area Network (LoRa WAN), and
each technology is selected according to specific uses and
requirements. Combining a self-generating system with
LPWA communication technology can provide an efficient
and economical solution for collecting and transmitting data
outdoors. This can be used in various application fields, such
as sensor data collection in remote areas, energy monitoring,
and environmental monitoring.

Also, a standardized platform such as oneM2M is essential
to respond to various sensors for monitoring the outdoor
cultivation environment. oneM2M is a standardized platform
for Internet-based M2M (Machine-to-Machine)
communication. It can provide various services by efficiently
collecting, storing, and analyzing data from various devices
and  networks.  Additionally, oneM2M  provides
interconnectivity between IoT devices and enables automated
control and monitoring through communication between
devices. Sensor data collected through these technologies can

Smart farm is a system that utilizes information and
communication technology in the agricultural field to
improve productivity and stably manage the quality and
quantity of crops, and is being actively introduced to indoor
environments such as greenhouses [1], [2], [3], [4]. In the
greenhouse, sensor data such as temperature, humidity, CO2,
soil moisture, and pH can be easily collected through wired or
short-distance wireless communication to monitor crop
growth [5], [6]. However, it is challenging to collect sensor
data using these communication methods in large open areas
where weather conditions change significantly and power
supply is limited. In addition, there are many limitations in
controlling the growth environment of crops because it is
difficult to operate irrigation and nutrient solution sup-ply
devices. Due to these problems, smart farms for field crops
require self-power supply and LPWA(Low-Power Wide-Area)
wireless communication technology. LPWA communication
technology is a network technology designed for low-power,
long-distance communication. It is mainly used to transmit
small amounts of data, such as sensor data and monitoring
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be built into big data. These can utilize Al technologies to
predict the optimal growth environment and yield of
crops[11], [12], [13], [14].

This paper presents a field crop growth environment
monitoring and big data analysis system. The proposed
system first solves power supply and data communication
problems using solar power generation and LPWA
technology. Additionally, based on the oneM2M architecture,
data from various sensors is transmitted to the server using
standardized technology. The transmitted data is stored and
managed on the server as big data and can be used to predict
the production and quality of field-grown crops and take
appropriate measures. The proposed system is expected to
contribute to producing low-cost, high-quality field crops
through the convergence of renewable energy and smart farms.
It can be applied to other industrial fields that monitor the
growth environment of crops and utilize the oneM2M
architecture.

The structure of this paper is as follows: Section 2 describes
LPWA communication technology and the oneM2M platform;
Section 3 describes the proposed LPWA-based field crop
growth monitoring and big data analysis system; Section 4
presents the implementation results of the proposed system;
and Section 5 provides a conclusion and research implications.

II. MATERIALS AND METHOD

A. LPWA

LPWA is a low-power, wide-range communication
technology for Low Power Wide Area. LPWA is mainly used
to communicate with IoT devices and has low power
consumption, comprehensive coverage, and low cost [15],
[16]. LPWA primarily communicates with small-scale IoT
devices such as sensors, monitoring devices, smart meters,
etc[17]. These devices have low power consumption and slow
data transfer rates but require the ability to connect large
numbers of devices at once. LPWA is a technology developed
to meet these requirements. LPWA services include NB-
IoT(Narrowband IoT), LoRa WAN provided by the LoRa
alliance, and LTE-M (Long Term Evolution for Machines).
The following table shows the LPWA technologies of NB-
IoT, LTE-M, and LoRa WAN [15], [18], [19], [20], [21], [22],
[23].

TABLEI
COMPARISON OF LPWA TECHNOLOGIES
Technology NB-IoT LTE-M LoRa WAN
Frequency Licensed bands Licensed bands Unlicensed
band bands
Transfer speed  250kbps 1Mbps 0.3~50kbps
Coverage Good Good Very
excellent
Power Very low Very low Very low
Consumption
Cost Relatively high Relatively high Relatively
low
Compatibility Compatible with  Compatible with  Not
existing mobile existing mobile compatible
communication communication with existing
networks networks mobile
networks

NB-IoT uses licensed bands, and although the transmission
speed is relatively slow, it has good coverage and power
consumption. LTE-M uses licensed bands with fast
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transmission speeds but relatively high power consumption.
LoRa WAN uses unlicensed radio frequency bands with low
transmission rates but perfect coverage and power
consumption [24]. In terms of cost, LoRa WAN can be
implemented at a relatively low cost. Considering these
characteristics, the system presented in this paper constructed
a communication network using LoRa WAN.

B. oneM2M

oneM2M is a standard jointly developed by international
standardization organizations such as ITU, ETSI, TTA, and
ARIB, and provides a standardized interface by integrating
various network technologies and protocols [25]. oneM2M
allows multiple IoT devices to interconnect and exchange data
in a standardized way. In addition, oneM2M provides security,
privacy protection, and device management functions to
ensure the stability and reliability of the Internet of Things
system. Due to these advantages, it is used in various
industrial fields of the Internet of Things, especially playing
an essential role in fields such as smart cities, smart homes,
smart grids, and smart farms [26], [27], [28].

While existing IoT services comprise separate platforms,
oneM2M supports various services by integrating them into
one service platform. Fig. 1 shows the difference between the
existing platform and the oneM2M platform.

Existing loT service
Smart Home Smart Car Healthcare 7 Smart Grid |
App .~ App | App App |
Home Car Health Grid
Platform Platform Platform Platform
Transport(Zigbee, LTE, Bluetooth Etc)
H/W Platform
OneM2M
Standard application
‘ Smart Home | ‘ Smart Car | Healthcare Smart Grid |
App App | App App
I OneM2M Service Platform I

Transport(Zigbee, LTE, Bluetooth Etc) ‘
H/W Platform ‘

Fig. 1 Difference between the existing IoT service and the oneM2M based
IoT service

oneM2M consists of NSE(Network Services Entity),
CSE(Common Service Entity), and AE(Application Entity).
The platform's functions are defined as CSF(Common Service
Function). Each entity communicates through a reference
point. The primary purpose of OneM2M Release 2 is to
interoperate with various industrial [oT platforms and
networks, and it provides interconnection specifications with
AllJoyn and OCF (Open Connectivity Foundation) LWM2M
(Lightweight M2M) technology for the purpose of
interoperating with the IoT. Additionally, for network
interoperability, a traffic pattern configuration function for
interoperability with 3GPP Rel-13 network is defined [29].
oneM2M Release 3 derives requirements to support domains
such as smart factories and autonomous vehicles and provides



standard functions for these [30]. In particular, support for
mobile ToT devices has been strengthened.

oneM2M Release 4 is a standard that supports various
vertical industries such as Smart-X(city, health, transportation,
factory) and disaster safety, and consists of 24 detailed
specifications and 4 technical reports [31]. It also includes 5G
network interconnection and the latest edge computing
technology. By providing SDT(Smart Device Template) 4.0,
which guarantees interconnection and compatibility with
various smart devices, it makes it possible to provide an IoT
digital convergence platform in various vertical industries.

TABLEII
ENTITIES IN ONEM2M
Entity NSE CSE AE
Role Provides Provides Communicate
oneM2M oneM2M’s with  oneM2M
network service core services application
Function = Network Resource Interface  with
connection management applications
management Data  storage Resource
Authentication and retrieval creation and
and Security Service control ~ management
Data transfer and Management of Send and receive
routing eventandalarm data
Network  status Receive events
monitoring and notifications
Example MQTT broker Database Control
CoAP server Web server application

III. RESULT AND DISCUSSION

A. Crop Growth Environment Sensor Node

To collect field crop growth environment data, we designed
a sensor node that generates self-power using solar energy.
Sensing items consist of meteorological data of temperature,
humidity, wind direction, wind speed, solar radiation, and
rainfall, and soil environmental data of soil temperature, soil
humidity, and EC(Electrical Conductivity). Fig. 2 shows the
manufactured sensor node hardware board and the
specifications of the sensors are listed in Table 3.
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Fig.2 The sensor node hardware board

Since the cultivation environment is outdoors rather than
indoors, a long-distance, low-power communication module
that supports dust and moisture prevention was designed. As
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a wireless communication technology, LoRa WAN was
selected among LPWA technologies considering frequency
band, cost, coverage, and power consumption. The sensor
node was designed to enable low-power, long-distance
communication by connecting the SX1276 chip that supports
LoRa wireless communication and the STM32 MCU. The
hardware block diagram of the sensor node is shown in Fig.
3 below. In addition, it is equipped with a small solar panel,
battery, and charge/discharge control module to enable its
own power supply.

TABLE III
ENVIRONMENT SENSOR SPECIFICATION
Specifications
Environment  Sensor type Measure Precision
range
Wind speed 1~54 m/s 1 m/s or 5%
Wind direction 0~360° 7°
Air Temperature -40 ~ 65 °C 0.5°C
environment  Humidity 0~100% 3% RH
Rainfall volume 0~9999mm 4%
Radiation 0~ 1800W/m?> 5%
Humidity 0~99.9% 1%
Soil Soil temperature 0 ~ 66 °C 0.5%
environment
EC 0~ 6.0dS/m 0.1dS/M

ADC1-6

VDD 2.2-3.4V DAC1 COMP1COMP2 LP-UART

RFI_HF

il

Antenna

RESET

SX1276 STM32L0 Series

0]

TCX0

RFO_HF
—

SP3T

DIO0-3

PA_BOOST
[

Touch Sense,
optional.

GND

GPIO

12¢2

Fig. 3 The hardware block diagram of sensor node

B. Gateway

Air and soil environmental data collected by sensor nodes
are transmitted to the gateway through the LPWA
communication module. The gateway processes the received
data and transmits it to the server. At this time, the oneM2M
platform is utilized to transmit data in various formats. The
hardware block diagram of the gateway equipped with the
oneM2M platform are shown in Fig. 4.

The hardware structure of the gateway uses two basebands
to communicate with multiple end devices. The master part
performs transmission/reception with the upper server,
gateway control function, reception for eight reception
channels, and transmission/reception functions, and the slave
part is designed only to be responsible for reception for eight
reception channels. Fig. 5 shows the function configuration
diagram of the gateway.
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Fig. 4 The hardware block diagram of gateway
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Fig. 5 The function configuration diagram of gateway

The gateway master consists of a Socket Module for
TCP/Modbus communication with the upper server, a GW
Control Module for setting and controlling the gateway
environment, and a LoRa TRX Manager for transmitting and
receiving using LoRa WAN with the end device. The gateway
slave part consists of a slave part control module and MAC &
HAL module. First, the sleeve control module manages the
interface and settings with the master unit. The MAC & HAL
module consists of a LoRa TRX Manager to process LoRa
packets received from sensor nodes, a LoRa PHY control
manager, and an SPI interface manager to control the LoRa
chip.

C. Bigdata Analysis System

We designed a bigdata analysis system that can reliably
process various types of sensing data transmitted from a
oneM2M-based gateway. The configuration diagram of the
designed data analysis system is shown in Fig. 6. It receives
data transmitted from the gateway through the environmental
information collection standard interface, parses the data
obtained through the external weather data adapter and the
ground/soil environmental information adapter, and checks
whether the data is correct. The data through the adapter is
built as big data in the storage, and the user's query is
processed through the environmental information query
processor to provide analyzed information.
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Fig. 6 The structure diagram of bigdata analysis system
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D. Implementation Results

To evaluate the performance of the proposed LPW A-based
plantation growth environment data collection system, a
native Actinidia plantation site was selected, and a sensing
network was constructed to collect LoRa-based
micrometeorological and soil environment data. To collect
various micro-meteorological and soil environment data on
native Actinidia cultivation areas, we selected sunny areas



with much sunlight, areas with moderate amounts of sunlight,
and shaded areas, reflecting the characteristics of the
cultivation areas and compared the correlation between
environmental factors and quality within the orchard. The
data collection device was installed, as shown in Fig. 6.

Fig. 7 Sensor node

The installed data collection device collects temperature,
humidity, wind direction/speed, rainfall, solar radiation,
ground temperature, humidity, and EC data. Sensor nodes
collect air and soil environment data and transmit them to the
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oneM2M-based gateway. The gateway installed in the
plantation supports dust and waterproofing and is
implemented as shown in Fig. 8.

Fig. 8 Gateway implementation results

The LoS test results in the LoRa-based sensing network
showed good data transmission reliability and speed up to
2km. Although the data transmission speed slowed down at a
distance of 3km, it was possible to collect a small amount of
data from IoT-based sensor devices. Using stored data, a
harvest and quality prediction system for forest products was
implemented. The plantation area where the system was
installed was an Actinidia plant, and Actinidia yield and sugar
content were predicted using the data collected. Figures 9 and
10 show the predicted results of analyzed Actinidia yield and
sugar content.

m— i [ Tempersiue

O

20240517 20240518 20240519

2024-05-20 20240521 20280522 20240523

Fig. 9 Kiwi sweetness prediction result

o) [ Humidiy(%)

20240517 20244520 20240521 1240522 20240523

Fig. 10 Result of predicting the production of Actinidia

Random forest was used to predict crop production and
sugar content. This technique improves prediction
performance by combining multiple decision trees ensemble.
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It has the advantage of processing non-linear data
relationships and relatively high prediction accuracy. First,
we preprocessed the environmental sensor data constructed



with big data to remove outliers and normalize and
standardize the data. Afterward, the data was divided into
training and testing datasets, and then a random forest model
was trained. In the model learning process, random samples
were extracted from the training data to generate several
bootstrap samples, and an independent decision tree was
learned using each sample. Each decision tree selected the
optimal characteristics from a set of random data
characteristics at a specific node, divided the data, and
repeated this process to complete the tree. Using the random
forest model learned in this way, predictions were made on
the test data to calculate the predicted production of actinide
and the predicted sweetness of kiwi.

IV.CONCLUSION

This paper proposed a field crop growth environment
monitoring and extensive data analysis system. The proposed
system comprises a self-generating environmental data
collection node, an LPWA-based communication module,
and a big data analysis server. We designed and developed a
sensor node with wind speed, wind direction, temperature,
humidity, rainfall, and solar radiation sensors to collect the
atmospheric environment and ground temperature, humidity,
and EC sensors to collect the soil environment. Because there
is no constant power supply, a LoRa-based LPWA sensing
network using a self-generating system was established and
installed at the field crop field, and data was transmitted to the
server through a gateway. Combining a self-generating
system and LPWA communication technology was shown to
be a very efficient and economical solution for collecting and
transmitting data in an outdoor environment. These solutions
can be used in various application fields, including sensor data
collection in the open field, energy monitoring, and
environmental monitoring.

Additionally, based on the oneM2M architecture, it is
designed to process data from various sensors in a
standardized way, allowing the system to be expanded more
flexibly when new types of sensors are added. The transmitted
data is stored and managed on the server as big data and can
be used to predict the production and quality of field-grown
crops and take appropriate measures. We implemented a
system that predicts the yield and quality of forest products by
analyzing big data stored on the server. Environmental
information was collected from Actinidia cultivation areas,
and the results of predicting Actinidia yield and sugar content
were presented. The proposed system is expected to improve
the productivity of forest products and can be applied to the
industrial field to monitor the growth environment of other
Crops.
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