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Abstract: Precision Agriculture (PA) is an ever-expanding field that takes modern technological
advancements and applies it to farming practices to reduce waste and increase output. One advancement
that can play a significant role in achieving precision agriculture is wireless technology, and specifically
the Internet of Things (IoT) devices. Small, inch scale and low-cost devices can be used to monitor great
agricultural areas. In this paper, a system for precision viticulture which uses IoT devices for real-time
monitoring is proposed. The different components of the system are programmed properly and the
interconnection between them is designed to minimize energy consumption. Wireless sensor nodes
measure soil moisture and soil temperature in the field and transmit the information to a base station. If
the conditions are optimal for a disease or pest to occur, a drone flies towards the area. When the drone is
over the node, pictures are captured and then it returns to the base station for further processing. The
feasibility of the system is examined through experimentation in a realistic scenario.
Keywords: precision viticulture; Internet of Things; sensors and instrumentation; smart agriculture

1. Introduction
Precision Agriculture (PA) uses traditional farming practices along with technology to make output
production more efficient [1]. PA plays an important role in today’s agriculture production as it can be
used to monitor and control the spread of diseases [2,3]. For farmers, diseases can be devastating, greatly
affecting the output of a crop and limiting the yield produced. Ideally, most farmers would strive to
prevent any diseases from occurring altogether, but this is not always the case. Controlling the likelihood
of diseases occurring requires advanced knowledge on factors such as vegetation type, soil, and weather,
with the latter being the most unpredictable. The timing of disease manifesting is unknown, and it depends
on the conditions which are necessary for its development. Events such as rain or high winds can easily
transfer diseases between plants. Therefore, once a disease has been identified, measures need to be taken
to prevent a serious outbreak which can have a major impact on the yield and quality of harvest for that
season and future seasons.
Vineyards are one area in agriculture where precise monitoring can alleviate the damage that could
be caused to plants. In addition to diseases, farmers need to be on the lookout for pests such as birds,
insects, and other animals which can cause damage to the plants in a vineyard. In an attempt to minimize
the amount of damage that occurs, all sections in the vineyard are checked, which is referred to as scouting.
Ideally, scouting is to take place at least once a week with special attention given to areas that are prone to
diseases and pests. Unfortunately, scouting is known to be a very manual process, requiring a key eye to
detail to accurately detect problem spots in the field. It is also a very time-consuming process requiring a
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large number of hours for a large field to be checked thoroughly [4]. Since most diseases prefer cool shady
areas, such as the underside of leaves, they are often missed by those who are inexperienced [5].
To help manage those who specialize in scouting fields for areas that require special attention, one
promising approach is the use of Wireless Sensor Networks (WSNs). By using a WSN, sensor nodes
can be placed in areas where the probability of a certain event to occur is high. If an event does occur,
a notification could be issued to the farmers to indicate where an action to solve the problem should
take place. Using this type of monitoring system would be greatly beneficial for those with large fields
as micro-climates can often cause minor changes in weather conditions over little distances [6]. At the
same time, these technologies would be even more useful in the cases of heterogeneous environments,
like hilly terrains or similar. On top of a WSN, Unmanned Aerial Vehicles (UAVs), commonly known as
drones, can also be used to provide real-time data along with high-quality pictures that can help with
the detection of the disease. In recent years, due to the rapid technological advancements, commercial
use of UAVs has become more common [7,8]. With technology now more openly available for use and
prices in the range for everyday consumers, custom drone solutions can be designed for almost any type
of application. Having the ability to be programmable and function far distances without any human
interaction, drones are very flexible devices that can enhance monitoring in the field [9]. Due to its small
stature, its maneuverability, and the ability to access and view areas that a human would not be able
to [10], drones can provide many advantages for PA. One instance where drones have a clear advantage is
in taking aerial views. For a human to take aerial pictures, some possible options are through the use of
satellites or by flying with a plane, both of which are expensive and not very accurate. By being able to
monitor from not only ground levels but also from above would allow farmers to gain a new perspective
on the challenges presented to them. Using a drone is a simple and cost-effective solution that can achieve
high precision.
IoT devices have several advantages and challenges when it comes to agriculture and viticulture [11].
In this work, a low-cost hardware implementation for real-time data acquisition and processing in a
vineyard is presented. Wireless nodes consisting of small and low-cost Internet of Things (IoT) devices
are used for monitoring the soil moisture and the soil temperature. If the monitoring data exceed some
predefined values, a drone flies over the area towards the node that reported these data and takes pictures.
Then, the drone returns to the base station and forwards the pictures to a control room for further
processing.
The novelty of this work is on the introduced system framework and system implementation.
Commercially available, low-cost IoT devices were used to build wireless monitoring nodes. A framework
is also designed for data transmission. To minimize duplicate messages, a routing protocol was
implemented in each node. The energy consumption of each type of node, monitoring and relay node,
was measured in and was minimized. Three wireless technologies were examined and compared in
terms of energy consumption. A drone was used to locate specific nodes in the field and the localization
accuracy was also measured. Finally, two feasibility tests were conducted to examine the performance of
the proposed system.
The rest of this paper is organized as follows: in Section 2, some background information on vineyards
and the diseases that can occur are presented. In Section 3, the related work is reviewed. Section 4 describes
the architecture of the proposed system followed by a description of the different hardware components in
Section 5. Section 6 presents results from experimentation with the system, and Section 7 concludes this
work.
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2. Background Information
To build an efficient monitoring system for a vineyard, it is important to understand the many
problems that can occur when operating and maintaining a vineyard. Not only does the perfect amount of
water need to be given to each of the plants, farmers consistently need to check for diseases and pests that
could severely impact a season’s yield. Diseases and pests have favorable conditions for their development,
and these conditions change depending on the disease or pest. In Eastern Canada, the major grape diseases
present include downy mildew, powdery mildew, gray mold, anthracnose, black rot, and crown gall [12].
Each of these diseases has certain conditions that promote the growth and spread of the disease, with the
largest factor being the weather conditions in the vineyard. Monitoring the weather conditions is critical
to determining if an outbreak of disease will occur and how large of an impact it will make. A summary of
favorable weather conditions for each major disease in Eastern Canada can be seen in Table 1.
Table 1. Favorable weather conditions for the development of diseases in a vineyard in Eastern Canada [12].
Disease

Weather Conditions

Temperature Range (◦ C)

Time Period

Downy Mildew
Powdery Mildew
Anthracnose
Grey Mold
Black Rot
Crown Gall

Heavy Rain
Overcast
Rain, Heavy Rain
Overcast, Rain, Heavy Rain
Rain, Heavy Rain
Heavy Rain

22–26
20–28
20–26
15–25
20–25
20–32

June–August
Mid June–August
June–Mid September
June–Mid July, September
Mid June–July
Mid May–Mid July

Pests also pose a serious threat to a plant’s health in the vineyard. Each of the individual pests can
target different parts of the plant and become a threat. During certain times of the year and certain weather
conditions, a pest is more likely to occur and special care needs to be made. A summary of the major pests
in vineyards in Northeastern USA can be seen in Table 2.
Table 2. Common pests that occur in vineyards [13].
Pest

Target

Grape Berry Moth
Grape Leafhopper
Japanese Beetles
Spider Mites

Grapes
Leaves
Leaves and Grapes
Leaves

It is important to note the behavioral patterns of the pests. For example, grape leafhoppers do not
affect the quality of the grapes significantly when present in moderate numbers, but they can have a
rapid population increase during hot and dry years, causing significant damage [13]. At the same time,
heavy rain can increase the chances of downy mildew. It is important to monitor the vineyard for weather
patterns that favor particular pests that can affect the yield and health of the plants.
Another effect the weather has on vineyards that can reduce the yield or quality is winter injury.
Winter injury causes damage to the tissues inside the wood and buds of the grapevine due to temperatures
dropping below a critical level for the species of grape or due to large jumps in temperature over a short
period of time [14]. One of the methods to reduce winter injury in grapevines is to bury the vines or
trunks of the vine to protect the plant from the cold temperatures. This is done to ensure that the vine is
healthy and to reduce the damage caused by possible disease and pests. With the proposed IoT- based
system, when the low temperatures are reported, proper actions can be performed on time, to avoid further
damage.
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3. Related Work
Due to the major impact a disease or pest can have on the yield of a crop, numerous systems have been
proposed and tested in literature in an attempt to halt the spread of the pathogens [15]. Since preventing a
disease from appearing is impossible due to the uncontrollable conditions in the environment, the focus
has been placed on early detection of a disease before it manifests into an epidemic. In an attempt to
counteract this growing problem, systems that both utilize drones and do not utilize drones have been
developed [16].
Latouche et al. [17] were able to determine that if a plant was infected with downy mildew, infected
leaves would fluoresce violet-blue under an Ultra-Violet (UV) light. Tests performed showed that they
were able to design a portable sensor that was able to successfully detect the presence of downy mildew in
a plant in one day after the point of infection. The sensor was completely non-invasive causing no harm to
the plant while providing results immediately. Systems that have focused on utilizing drones have had
great success in determining the symptoms of diseases. Di Gennaro et al. [18] used a drone equipped with
a camera to take multi-spectral images. The images could then be used to determine several vegetation
parameters of the field. The use of the images was able to determine vines showing symptoms of esca
disease that human scouts in the field missed. In addition, previous seasons’ weather conditions were
used in estimating the likelihood of a disease occurring. While able to detect early stages of the disease,
images produced by the drone were not able to confirm if a disease was present in the plant. Another
drone-based system for agricultural use is presented in [19]. They designed a system composed of two
sensors, a stereo vision and thermal imaging camera which are attached to a drone. Images taken by
the drone were processed using a deep neural network that was able to classify poor crops from healthy
ones. When tested in a vineyard, the system was correctly able to detect diseases such as downy mildew,
powdery mildew, and acid rot, but only when the occurrence was above a threshold in the monitoring area.
Testing also showed that the system was unable to function if the lighting conditions were not optimal for
the sensors.
There are also systems that use sensors for smart farming and viticulture. Several aspects of
sustainable IoT devices, including the wireless communication, sensing, and systems are presented
in [20]. In [21], a low-cost wireless system for agrochemical dosage reduction in precision farming was
introduced, while in [22] a low-cost wireless monitoring and decision support system for water saving in
agriculture was proposed. A comprehensive review of computer vision, image processing, and machine
learning techniques in viticulture is presented in [23]. In [24], a wireless underground sensor networks
(WUSA) for autonomous precision agriculture (PA) is proposed. The system gathers soil information,
from a WUSN in real-time to automatically control the center pivot (CP) irrigation system for precision
irrigation.
In comparison with the works in the literature, the novelty of this work lies in the framework and
the system implementation. The introduced approach uses commercially available components, design a
real-time monitoring system for vineyards, properly program and configure the different components and
finally examine the feasibility of the system through real experimentation.
4. System Architecture
An overview of the proposed system is shown in Figure 1. Information from sensors on the ground
is combined along with images from a UAV and after data fusion and analysis, the report is sent to the
system administrator.
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Leaf picture

Sensors

Sensor Fusion

Micro controller

Figure 1. System overview.

4.1. Application Scenario
The proposed system focuses on using images from the UAV in conjunction with the sensor nodes
utilizing the information measured to determine if any changes have occurred in an area. If the sensors
report any results exceed a predefined threshold, a UAV could then be dispatched to the area for images to
be captured. There are two types of nodes. The first type, the monitoring nodes, they keep collecting data
from the sensor, form packets and forward the data to the relay nodes. The second type of nodes, the relay
nodes, they do not have any sensing capabilities, but they are able to receive packets and forwards them
towards the control room. The system contains the following seven steps:
1.
2.
3.

4.
5.
6.
7.

The monitoring node collects environmental information on the plant or the immediate vicinity
where the node is located.
The monitoring node transmits the collected information in a packet toward the destination node
through the relay nodes.
The collected data is then stored in a system containing a database of previous information collected
at that location. The system can then analyze the new data with historical records and with existing
models which are known for the different diseases in order to determine if conditions are favorable
for the development of a disease or the presence of a pest.
If attention is required the UAV is ordered to the area for surveillance images to be taken. To find the
exact location, the UAV uses its GPS.
Once the UAV reaches the required location it takes images of the area and then it returns to the
control room.
The images taken by the UAV are forwarded to the control room and then to the system administrator.
Any further actions that need to be taken for the plant are done by the system administrator.

In extreme weather conditions, the drone might not be able to fly and the system might not operate
as expected.
4.2. System Framework
A framework of the proposed system is shown in Figure 2. The system has three main components:
1.

The first component includes the wireless monitoring nodes. The wireless monitoring nodes are
equipped with a low energy processing unit, wired soil and moisture sensors and a wireless
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communication unit. Each node has four soil moisture and four soil temperature sensors. The nodes
are powered through a rechargeable battery. The battery is charged through a solar panel. The sensor
data are passed to the processing unit for initial filtering and to form data packets. The data packets
are passed to the wireless communication unit to forward them wirelessly to the relay nodes.
The second important component is the wireless network that forwards all the sensor data from the
monitoring nodes to the control room. The network is composed of relay nodes. The relay nodes
have only the necessary communication unit to forward the data as well as similar energy harvesting
capabilities with the monitoring nodes. However, the relay nodes do not have any sensors. Each
relay node is able to receive and to forward the data packets towards the control room.
The third component is the control room which consists of a computer and a UAV. At the control
room, all the data are collected and processed. If the collected data exceeds a predefined threshold,
the control room sends a notification to the UAV. The UAV then can maneuver to the points of interest
as determined by the sensor nodes.

Wireless Monitoring Nodes

Wireless Network

Control Room

UAV

Relay node
Monitoring Node
Base Station

Figure 2. System framework.

4.3. Flow Diagrams of the Processes
There are three main processes in the proposed system, as shown in Figures 3–5.
Sensor 1

Sensor 2
Data Packet

Monitoring Node
Sensor 3

Sensor 4

Figure 3. Monitoring process.

Relay Node
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Relay Node

Data Packet

Relay Node

Control Room

Monitoring Node

Relay Node

Figure 4. Data forwarding process.

Send
coordinates
Notify system
administrator

UAV base

Take off

UAV
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the node

Take picture of
the leafs

Control Room

Send pictures

UAV base

Landing

UAV

Flying back to
control room

Figure 5. Image capture process.

4.3.1. Monitoring Process
When the system needs to monitor the area, the different sensors forward the data packets to the
monitoring nodes. The sensors are connected with the monitoring node through wires and one monitoring
node can have multiple sensors. When the monitoring node receives the data, it checks if there is any
difference from the previous time each sensor report data. This is necessary to minimize the required data
transmissions. In this way, the data that are new and different from the previous time will be forwarded to
the relay node, while the data that are the same with previous times will be ignored. The diagram of the
monitoring process is shown in Figure 3.
4.3.2. Data Forwarding Process
When a relay node receives data packets from a monitoring node, it needs to forward them towards
the control room. Since the relay nodes are static, the forwarding table for the relay nodes is the same over
time, unless one of the relay nodes runs out of battery. The relay node might receive the same data packet
from more than one neighbor relay nodes. In this case, the relay node, transmit the packet only once and
drop any future instances of the packet. The diagram of the data forwarding process is shown in Figure 4.
4.3.3. Image Capture Process
The computer at the control room keeps a record of all the sensor data received. When the data from
one of the nodes exceed or is lower than expected values, the computer at the control room forwards the
location of the node to the UAV. Since the nodes are static the coordinates of each node are known. The
UAV then takes off and moves towards the node that reported the data [25]. When it is over the node,
it starts taking pictures of the leaves and the area around. The UAV takes two pictures over each initial
location and then rotates horizontally for 40◦ and takes pictures again. The process is repeated until the
drone rotates for 360◦ horizontal. Then, the UAV returns to the base station at the control room. After
landing, the UAV forwards all the pictures to the computer which sends them to the administrator. The
diagram of the image capture process is shown in Figure 5.
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5. Hardware Infrastructure
The hardware components of the introduced system, along with their parameters and some initial
testing results are presented in this section.
5.1. Sensor Unit
Sensors are used for monitoring the environmental conditions in the field. In the introduced system,
the sensors are selected to measure soil moisture and soil temperature. The sensors are shown in Figures 6
and 7, along with some of the sensor data collected through initial testing. These are not data from the
field, but data collected during initial testing at an indoor environment to examine the feasibility of the
sensor node. The data are plotted for demonstration only.
Since after a heavy rainfall water can accumulate in a certain spot in the field, it would be difficult to
find wet spots if the field is not checked regularly. Sparkfun soil moisture sensor [26], showing in Figure 6a,
was selected because of each sufficient accuracy (accuracy 3% volumetric water content (VWC), is sufficient
to characterize the soil reading in the four general categories) , low energy requirements and low-cost.
Other soil moisture sensors that have better accuracy exist in the market, however, that would increase
significantly the cost per monitoring node. Initial testing with the soil moisture sensor was conducted and
the results are shown in Figure 6b. The sensor needed some initial calibration, however, the accuracy of
the sensor is sufficient for the proposed application.
For most diseases, the air temperature has a specific range where it is most likely to manifest. However,
soil temperature can also give important insight regarding the manifest of the diseases. By monitoring
when the temperature for an area is in the high-risk range of a disease developing, proper protection
practices can be applied well in advance. DS18B20 waterproof temperature sensor [27], showing in
Figure 7a, was selected for the proposed system. Similar to the soil moisture sensor selection, this DS18B20
was preferred over other temperature sensors due to its low-cost and low energy requirements. The results
of initial testing with this sensor are shown in Figure 7b.

(a)

(b)
Figure 6. Soil moisture (a) sensor and (b) experimental data readings.
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(a)

(b)

Figure 7. Soil temperature (a) sensor and (b) experimental data readings.

5.2. Processing Unit
As a processing unit, a microcontroller was used. The microcontroller collects the sensor data,
processes them and forwards them to the control room. To keep a low energy consumption, a low power
microcontroller is required. There are several low-cost microcontrollers in the market. Due to its low
power consumption, low-cost and ease of integration with other devices, an Arduino from MKR family
was selected [28]. It has available pins to connect up to 8 sensors, for instance 4 for soil moisture and 4
for soil temperature, it is small and has low power requirements, while it can provide different wireless
connectivity. An Arduino MKR is shown in Figure 8 along with the specifications in Table 3.

Figure 8. Arduino MKR 1300 [28].
Table 3. MKR 1300 Specification.
Microcontroller
Power Supply
Digital I/O Pins
Analog Input Pins
Length × Width

SAMD21 Cortex-M0+ 32bit low power ARM MCU
5V
8
7
67.64 mm × 25 mm

5.3. Radio Unit
The proper selection of the wireless communication technology that will be used to transfer data
between the nodes and the control room in crucial. It is important that the selected technology has low
power requirement so the total energy consumption in each node is low. In terms of transmission range,
a long transmission range would be more applicable for a viticulture application. The packets usually
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need to travel from remote areas to a control room, hence, a long transmission range would minimize the
number of hops and relay nodes that would be necessary between the nodes and the control room. At the
same time, for the proposed application, the data size will be low. Only small packets will be sent from the
different nodes to the control room every couple of minutes, hence real-time data transmission is not a
requirement for such application.
Among the available wireless technologies, Wi-Fi (2.4GHz), Bluetooth Low Energy (BLE) and
LoRaWAN are popular for many applications. The characteristics of each technology are shown in
Table 4.
Table 4. Summary of wireless technology characteristics.
Technology

Transmission
Range (m)

Bitrate
(Mbit/s)

Power
Requirements

Advantages

Disadvantages

Wi-Fi

up to 100

288.8

Moderate

High availability,
does not require
extra hardware

Prone to noise,
high energy
consumption

BLE v4

up to 60

25

Low

Low energy
consumption

Prone to
interference

LoRaWAN

up to 15000

0.05

Extremely Low

Very long transmission
range, low energy
consumption

Requires extra
hardware

The three wireless protocols were tested and evaluated mainly based on power consumption.
To experiment with Wi-Fi and Bluetooth, the Arduino MKR 1010 microcontroller was used [29]. This
contains a U-BLOX NINA-W102 chip, which is capable of 2.4 GHz operation, capable of Wi-Fi and BLE [29].
For the LoRaWAN experiments, Arduino MKR 1300 was used, since it is designed to use the LoRa protocol
with an integrated Murata CMWX1ZZABZ chip [28]. The frequencies available on this chip are 433 MHz,
868 MHz, and 915 MHz. The processor of each microcontroller is an Atmel ATSAMD21 ARM-based
microprocessor. The consistency of this microprocessor and other peripherals on the boards keep the small
variances between each prototype negligible. A summary of each configuration of the prototype can be
seen in Table 5.
Table 5. Wireless protocol overview.
MCU

Protocol

Frequency

IEEE Standard

MKR 1010

Wi-Fi

2.40–2.50 GHz

802.11 b/g/n

MKR 1010

BLE v4

2.40–2.48 GHz

802.15.1

MKR 1300

LoRaWAN

433/868/915 MHz

802.11 ah

To examine the appropriateness of each wireless technology for the proposed system, the focus was
on the energy requirements. Three MKR boards were used, one for each technology and one soil moisture
and one soil temperature sensor in each board was connected. Each node transmitted data reported from
the sensor every second, without any filtering and processing, for approximately 5 min. All the prototypes
were powered using the Monsoon power monitor in order to be able to monitor the energy requirements.
The Monsoon power monitor is able to get very accurate measurement readings and allows the user to
easily log data to average the power over an amount of time [30].
The results are shown in Figure 9. The energy consumption of each board when the two sensors are
connected on the board was measured, shown in Figure 9a. As expected, the energy consumption of the
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LoRa board is lower than the other two boards. The energy consumption of the boards without the sensors
was also measured, shown in Figure 9b. It is clear that LoRa technology is promising and performs better
in terms of energy requirements in both the monitoring and the relay nodes. The low data rate of LoRa is
not a drawback for our system since the sensor nodes are expected to transmit only a few data over an
hour of monitoring.
WiFi
BLE
LoRa

300
250
200
150
100
50

WiFi
BLE
LoRa

350
Average Power Consumption (mW)

Average Power Consumption (mW)

350

300
250
200
150
100
50

0

0

(a) Monitoring node with two sensors.

(b) Relay node.

Figure 9. Power consumption of different wireless technologies (a) for the monitoring node and (b) for the
relay node.

5.4. UAV
The UAV is an important component of the system and will function based on the data that is received
from the sensor nodes in the field. If the computer at the control room determines that there is an area
that is likely a disease to manifest then the UAV is sent to that area to take pictures. Once the UAV has
returned the pictures are forwarded to the system administrator to decide any further action needed. If the
picture quality or the sensor data are not sufficient the system administrator can send the UAV back over
the node to take more pictures.
In the introduced system, the quadcopter AR Drone 2.0 was used [31]. The drone is shown in Figure 10
along with some important specifications in Table 6.

Figure 10. AR Drone 2.0 [31].

IoT 2020, 1

16

Table 6. AR Drone 2.0 Specification.
Battery

1500 mAh LiPo

Camera

HD camera 720p, 30 fps video output

Flight Time

18 min

Interfaces

Wi-Fi 802.11b/g

The drone is also equipped with GPS. This increases energy consumption and decreases the available
flying time. To expend the available flying time, different configurations were examined. At the default
configuration, the drone uses its camera and forwards a live video to the controller device, while it also
uses the GPS. However, with this configuration, the flying time is 15 min. Without using the Wi-Fi network
and just store the video at the SD card, the flying time is 18 min. A third configuration was designed. In
this configuration, when the drone leaves the control room, it deactivates both the camera and the wireless
transmission. Only when the drone is over the node which reported the problem, the drone turns on the
camera and takes the picture. The drone returns to the base station and after it lands successfully it enables
its wireless transmission to forward the data to the computer. This configuration can achieve a maximum
of 22 min, hence not only the drone is active for more time but it can also cover a greater area. The energy
consumption of the three configurations is shown in Figure 11a.
The current consumption of the drone was also examined, under the three different configurations,
when it needs to cover a distance of 1 km. The drone can reach the speed of 5 m/s (11 mph), while it needs
20 s to receive the coordinates and take off from the control room, and 15 s to take pictures from the node
that reported problems. The results are shown in Figure 11b.
25

Video + GPS + WiFi
Video + GPS
Camera + GPS

10

Current consumption (mA)

Flying time (min)

20

15

Video + GPS + WiFi
Video + GPS
Camera + GPS

3200

3000

2800

2600

2400

5
2200

0

(a) Flying time under different configurations.

2000
0

100

200
300
Flying time (s)

400

(b) Current consumption when flying 1 km, for
each configuration.

Figure 11. Experimental results of the drone (a) flying time and (b) current consumption when flying 1 km,
under different configurations.

6. Experimental Results
In order to evaluate the performance of the system, several experiments were conducted in a vineyard.
The experiments took place in August 2019 and in October 2019, in order to have different performance of
the solar panels at the nodes. In total, 10 wireless monitoring nodes were used along with 4 relay nodes.
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Each wireless monitoring node had 4 soil moisture and 4 soil temperature sensors. The distance between
the relay nodes was approximately 1 km. All the components of the system are shown in Figure 12.

(a) Monitoring node 1.

(b) Relay node on mounting
tripod.

(c) System with drone.

(d) Monitoring node 2

(e) Relay node on the groud.

(f) System with drone.

Figure 12. Components of the proposed system.

6.1. Energy Consumption
In this experiment, the lifetime of the monitoring nodes was examined. The nodes keep transmitting
all the time until they run out of battery. The results are shown in Figure 13. In a real scenario, the nodes
will not transmit all the time, however, in this experiment, the upper bound limit of the system was
examined. According to the experimental results, in both periods, the wireless nodes manage to transmit
for more than 160 h, before running out of energy.
6.2. Location Accuracy
In this experiment, the accuracy of the drone to locate a node in the network is examined. Experiments
were conducted for all the 10 wireless monitoring nodes. The results are shown in Figure 14. The maximum
value of the error was 1.3 m. This error was due to the behavior of the drone during different environmental
conditions. According to the experimental results, factors such as the wind or the residual energy in the
drone will affect the accuracy of the GPS, the flying stability of the drone and consequently the picture
quality. In order to minimize these problems, better drones are available in the market. However, that
might increase the cost of the system significantly.
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(a) Experiment 1: August 2019.

(b) Experiment 2: October 2019

Figure 13. Power in each monitoring node.

1
0.9
0.8
0.7

CDF

0.6
0.5
0.4
0.3
0.2
0.1
0
0

0.2

0.4

0.6
0.8
Error (m)

1

1.2

1.4

Figure 14. Cumulative probability error for the different nodes.

7. Conclusions
In this paper, an IoT-based system for real-time monitoring in a vineyard by utilizing drones was
presented. The introduced system consists of a low-cost IoT network that can be used in the monitoring
of plants in a vineyard. When the monitoring values exceed some threshold, a drone is used to obtain
photographs of the problematic area which will be sent to the system administrator. The focus of this work
was on a low-cost system implementation for real-time data acquisition and monitoring.
Further experimentation is necessary to examine the performance of the introduced system, while
cybersecurity issues should also be considered. The experiments presented in this paper are promising for
the feasibility of the proposed system. The system was able to report the data in real-time and also locate
the node which collected the data that exceed a predefined threshold, with acceptable accuracy. However,
proper sensor calibration and parameter configuration are necessary for every different application
scenario.
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