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Abstract

The agricultural sector is experiencing a new revolution, giving birth to the

so-called Agriculture 4.0 paradigm. It brings digital technologies in the field

to support the farmers’ work, enhancing the productivity of farms. In this

chapter, the attention is focused on the role that both Internet of Things (IoT)

and Unmanned Aerial Vehicles (UAVs) can play in this regard, whether used in

a joint manner or not. We analyse the work being done both in recent research

projects and in the literature on those topics, taking into account the role of long-

range wireless communications to enable such scenarios, and the potential of 5G

and the upcoming Multi-Access Edge Computing (MEC) technology, especially

in rural areas, where the lack of connectivity is still hampering the process of

digital transformation.
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1. Introduction

Smart Farming (SF) refers to the application of Information and Communi-

cation Technology (ICT) to agriculture. Data collected and analysed through
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ICT techniques support efficient production processes, thus motivating scien-

tists, practitioners, private and public companies to work towards the goal of

developing and encouraging the use of innovative technologies to support farm-

ers on the ground. The most relevant technologies and techniques to be fully

exploited are the satellite imagery, the use of agricultural robots, a larger use of

sensor nodes to collect data, and the potentialities of UAVs for remote sensing

and actuation [1]. Remote sensing, especially UAV-based, is used in a plethora

of different scenarios, as for instance forestry [2]. Choosing what sensors to be

installed on remote sensing systems depends on the scenario. Satellites repre-

sent a long-standing solution for remote sensing, and IoT scenarios can be found

also applied to the satellite field [3]. Contrarily to satellites, anyway, UAVs pro-

vides great flexibility from the point of view of payloads, because those can be

changed at every flight. UAVs must be considered as a breakthrough technology,

a game changer [4, 5]. The potential is tremendous, especially when combined

with IoT and Low-Power Wide Area Networks (LPWANs). A categorization of

the scenarios enabled by the combined use of these paradigm sees data acquisi-

tion and data analysis to develop and feed Decision Support Systems (DSSs), or

even semi-autonomous solutions. The most common types of IoT sensors used

in agriculture can gather data on water in the soil, moisture content, electri-

cal conductivity, and acidity; along with those, solutions well established also

in other fields are used, like wind, temperature, humidity, and solar radiation

sensors. A case of special interest is the detection of weeds through optical

components combined with machine vision systems [6].

UAVs in agriculture can provide support on various issues. For instance, in

reconstructing 3D models of crops, determining the crop height, or estimating

the value of agricultural indexes, as the Leaf Area Index (LAI) or the Normali-

zed Difference Vegetation Index (NDVI), taking advantage of e.g. multispectral

cameras. Very precise imagery can be collected, and large fields can be mon-

itored through the use of swarms [7, 8] that can be used as Flying Ad-Hoc

Networks (FANETs) [9]. This opens to the detection of diseases, yield estima-

tion, pest monitoring, and creation of virtual plantations, for instance. It is
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also worth citing phenotyping, and UAVs have shown potential in this scenario,

because collected imagery can be used by image analysis techniques to improve

the throughput.

The aim of this work is to present and discuss both research initiatives and

scientific literature on the topic of IoT-based SF, especially looking at the use of

UAVs in this field. The rest of this work is structured as follows: in Section 2,

we analyse how UAVs are used in research projects and what are the considered

application scenarios. In Section 3, the analysis on the application scenarios is

deepened, taking into account also selected scientific works from the literature,

highlighting the role of unmanned vehicles. In Section 4, both requirements

and solutions for networking are presented, briefly comparing existing protocols

supporting IoT scenarios in agricultural settings. Then, Section 5 opens to the

potential future role of a joint use of MEC and 5G networks, presenting network

architectures to connect smart farms through satellites and UAVs. Finally, the

conclusions can be read in Section 6.

2. The perspective of research projects

In this section, we will survey relevant research projects recently funded in

the EU in the field of SF, especially those exploiting UAVs. The main goal

is to highlight the increasing attention towards those activities and to analyse

the involved technologies, further than describing the application scenarios of

interest.

In the last years, the EU has been actively undertaking R&I activities laying

the ground for the digitisation of the European agriculture, also taking into

account the potential role that UAVs can play. Strategic interventions have

been funded to support the uptake of digital technologies and to develop new

solutions. In Table 1, we show the most recent EU projects that exploit UAVs,

detailing the project name and its starting date, the objective to be achieved

from the point of view of the application scenario, and the exploited digital

paradigms. The aim is in highlighting the projects explicitly taking into account
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the use of UAVs for different goals. As you may expect, most projects rely on

the use of multiple techniques and technologies in an integrated manner; herein

we highlight the most prominent ones.

Table 1 – The most relevant EU-funded R&I projects exploiting UAV technology in the

farming sector in the last years.

project start date goal(s) cloud/edge data serv. sensing unmanned v. data analysis

ended (yes/no) computing inform. sys. terr. sat. aerial terr. big data ML

Sweeper February 2015 (y) Harvest Robot X X X

Flourish March 2015 (y) Crop Monit. X X X X X

RUC-APS October 2020 (n) Agric. Prod. X X

IoF2020 January 2017 (n)

Crop Monit.

Livestock Farm. X X X X X X

Dairy Monit.

APMAV March 2017 (y) Crop Monit. X X X X X

Romi November 2017 (n) Crop Monit. X X X

Pantheon November 2017 (n)
Orchard Monit.

X X X X
Water Use

Swamp November 2017 (n) Water Use X X X X X

BigDataGrapes January 2018 (n) Crop Monit. X X X X X X

Dragon October 2018 (n)
Crop Monit.

X X X X X X X
Skill Acquisition

The use of unmanned vehicles is a trend of great interest, as also confirmed by

looking at the projects in Table 1. In the following, we describe more extensively

each initiative. The APMAV project consists of an intuitive solution for agri-

cultural management based on UAV technology and an intelligent cloud-based

platform that provides farmers valuable, actionable and real-time recommen-

dations for driving down costs and improving crop performance. The Flourish

project leverages on UAVs as well, aiming at surveying a field from the air,

then at performing a targeted intervention on the ground with an Unmanned

Ground Vehicle (UGV). The idea is to develop a DSS targeting Precision Far-

ming (PF) applications with minimal user intervention. The SWAMP project

develops IoT-based methods and approaches for smart water management in

the precision irrigation domain, in order to utilize water more efficiently and

effectively, avoiding both under- and over-irrigation.

Data-driven activities are proposed in the Dragon project, whose main ef-

forts are directed towards skill transfers to ease the adoption of PF techniques.
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Several data sources are considered and the data flows are analysed through the

use of Big Data techniques to provide agricultural knowledge and to develop

information systems. This projects leverages on the joint use of several techni-

ques in an ambitious manner. The PANTHEON project, by taking advantage

of the technological advancements in the fields of robotics, remote sensing and

Big Data management, aims at designing an integrated system where a limited

number of heterogeneous unmanned robotic components (including terrestrial

and aerial robots) move within the orchards to collect data and perform some of

the most common farming operations. The SWEEPER project has proposed a

robotic system to harvest sweet peppers in greenhouses, leveraging on machine

vision techniques to acquire both colour and distance information, and then stor-

ing the collected items in an onboard container. Another robotic platform has

been developed in the ROMI project in an open and lightweight fashion. Assist-

ing in weed reduction and crop monitoring, these robots reduce manual labour

and increase the productivity. Land robots also acquire detailed information

on sample plants and are coupled with an UAV that acquires complementary

information at the crop level. The BigDataGrapes project focuses on grapes

and wine production, using Machine Learning (ML) to support decisions. Data

are collected also through UAVs, as for instance canopy characteristics. The

RUC-APS project is centered on management approaches aiming at enhancing

SF solutions in agriculture systems, applying operational research to optimise

farm production. The IoF2020 project is a very large initiative from the point

of view of SF digital technologies: in particular, this project aims at accelerating

the adoption of IoT, in order to secure sufficient, safe and healthy food and at

strengthening competitiveness of farming and food chains in Europe. It aims at

fostering a symbiotic ecosystem of farmers, food industry, technology providers,

and research institutes. As visible in Table 1, unmanned vehicles can be used to

cover different scenarios, like monitoring, harvesting, and supporting decisions

in uncertain conditions. Their use is typically coupled with the use of sensors on

the ground, and with cloud solutions to collect, store, and analyse the data to

extract actionable information. In Section 3, IoT scenarios in the agricultural
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field are presented, highlighting the role that UAVs can play.

3. IoT scenarios in agriculture

The use of UAVs in rural areas is less constrained by regulations than in

urban areas [10], and thus their use is increasing at a faster rate [11]. This

is mainly due to the lower density of both people and buildings, which also

translates into less obstacles for the vehicle itself. On the other hand, the

degree of connectivity is lower, forcing to prefer the use of dedicated solutions

instead of relying on existing networks, like the cellular ones. Distance from

airports is likely greater than in urban areas, thus yet posing less constraints on

flights, which can be performed in a complete preprogrammed way, requiring

a minimal intervention from the pilot. Anyway, the presence of the pilot is a

requirement almost everywhere in the world, limiting the scope of Beyond Visual

Line of Sight (BVLoS) flights. The use of UAVs, as well as other technologies,

is transforming agricultural practices, giving birth to smart farms. In what

follows, we concentrate on the scientific literature concerning the use of UAVs in

several agricultural scenarios, especially with IoT-based setups. The results are

presented in Table 2 and Table 3, the former providing details on the considered

works, and the latter detailing the agricultural scenarios of interest.

Higher mechanization in agricultural processes has been fueled by the large

diffusion of low-cost sensor nodes and the increasing use of actuating solutions.

Real-time stream processing, analysis and reasoning are key concepts towards

automation in this field [23], i.e., towards a larger use of robots that can adapt

to space and time-varying conditions with minimal delay. Robots can perform

very precise operations, and can operate in fleets, as proposed in [24], which

considers both UGVs and UAVs. Moving systems rely on Global Navigation

Satellite System (GNSS) techniques for precise positioning, and PF applications

need large accuracy: because of this, the Real-Time Kinematic (RTK) technique

is used to improve the location accuracy. Several commercial systems integrate

a GNSS receiver and use one or more fixed RTK reference base stations [32] for
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Table 2 – Surveyed literature in the field of SF, especially considering the use of unmanned

vehicles in IoT scenarios.

work(s) main objective(s)

[6] survey on machine vision on board autonomous agr. vehicles

[7] autonomous inspections for PF operations

[8] Farm Management Information System (FMIS) for PF

[12] survey on UAVs applications for agr.

[13] remote sensing and image analysis for agr. UAVs

[14] UAVs to determine management zones for soil sampling purposes

[15] application scenarios and known limitations of agr. UAVs

[16] survey on IoT use in agr. scenarios

[17] UAV to estimate plowing depth with an RGB-D sensor

[18] UAV to distinguish sugar beets from weeds

[19] UAV and terrestrial sensing to measure leaf temperature

[20] UAV for precision spraying

[21] 802.15.4 channel modeling for UAVs use in fields

[22] UAV in viticulture to find missing plants

[23, 24] aerial and terrestrial robots in agr. and forestry

[25] survey on commercial UAVs platforms for SF

[26] long-range networking for IoT scenarios in agriculture

[27] IoT greenhouse management system

[28, 29] IoT irrigation system with long-range networking

[30] IoT monitoring system in agr.

[31] yield and response to fertilizers with UAVs

providing accuracy up to centimeters. Further than precise positioning, robots

depend on machine-vision systems to navigate the environment [6]; according to

the technology and the scenario under consideration, specific spectral signatures

are of interest (for instance, Normalized Difference Vegetation Index (NDVI)),

and hyperspectral imagery is today a reality for both local and remote sensing.

Commercial devices, to be used on board, can already capture both RGB and
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Table 3 – Agricultural scenarios covered by the described works and use of unmanned

vehicles.

scenario work(s) use of unmanned vehicles

aerial terrestrial

plowing evaluation [17] X

spraying [20, 24] X X

monitoring [13, 15, 16, 7, 8, 22] X

soil/field mapping and analysis [23, 14, 15] X X

seeding/planting [15] X

weeding [23, 18, 6] X X

irrigation/water management [15] X

health assessment [12, 13] X

yield estimation [31] X

Near Infrared (NIR) bands, and stereovision systems can be used to build 3D

maps of the environments [6].

UAVs can be used as data mules to collect data from nodes in open fields

[21] or to assess whether an area has been subject to plowing and the plowing

depths [17]. The authors consider the use of UAVs as an alternative to satellites.

In fact, according to the authors, even high-resolution satellites cannot classify

the roughness of the terrain, thus motivating the use of UAVs. A RGB camera

is installed onboard and collected georeferenced data are analysed to assess the

plowing depths. RGB and NIR are collected by means of an UAV also in [18],

with the aim of classifying plants and weeds. The proposed system makes use

of the Excess Green Index (ExG) [18] in the case of RGB-only, which depends

on the green, red, and blue color components in the images; if NIR is exploited

as well, NDVI can be used because of the richer information it provides. By

combining these results with geometric features, sugar beets can be recognised

even in the case of overlapping plants; furthermore, weed detection is reported

as accurate in the space among the rows of sugar beets. NDVI has been used

also in the segment of viticulture for precision applications [22]: in fact, when an

UAV platform is used to collect very detailed images in a vineyard, plant rows
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can be discriminated from inter-rows, so being able to identify missing plants

with very good precision.

UAVs can be seen as part of a Wireless Sensor Network (WSN), acting as

mobile nodes [19], thus being able to analytically characterize the channel model

between a moving UAV and fixed terrestrial nodes becomes of interest [21]. In

particular, PF is taking advantage of UAVs (several commercial systems are

already available [25]) ranging from fixed to rotary wing machines, able to fly at

different speeds and altitudes. Lots of uses are already in place for UAVs, like

the aforementioned monitoring scenarios, further than pesticide spraying, which

is a key application for PF [20]. Heavy and large UAVs can be used for such a

purpose in the case of large fields, joint with the use of multispectral techniques

in order to firstly generate an NDVI map, and then using this information to

efficiently spray pesticides and fertilizers. The idea of a more accurate use of

resources, avoiding any waste and using the right amounts, has been around for

quite some time.

3.1. Use of data and data ownership

As highlighted in the previous section, data are at the very core of the

transformation of the agricultural process. Nowadays, the right to access and

use the collected data is at the center of the discussion: Europe has recently

made steps towards granting the data originator (i.e., the farmer) a leading role

in controlling the access and the use of data by means of the so-called Code of

Conduct on Agricultural Data Sharing by COPA-COGECA.

4. Wireless communication protocols

Wireless data transfers from both sensors and vehicles in smart agriculture

scenarios play a key role, as mostly application scenarios are based on the use of

wireless sensor networks. This section provide an overview on the most adopted

wireless technologies in this field.

Regarding agriculture, short and long range communication standards can

play different roles: they may be used in an integrated manner in complex
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scenarios, or separately according to the specific application. From a different

perspective, communication standards can be classified according to the data

rate that can enable a certain type of application demanding or not for band-

width. Analogously, data rate has a relative impact of energy requirements, that

is, high data rates like those used for imaging and videos, as well as large bulk of

data, entail high energy consumption; differently, in case of long-time monito-

ring and small volumes of data, wireless protocols with lower data rates assure a

long lasting operation both in the case of long and short range communications.

Considering the large set of wireless communication protocols and the neces-

sities in smart agriculture applications, the use of LPWAN protocols is widespread-

ing. Such a protocol family is designed to provide affordable connectivity on

large coverage areas and with a relatively low energy profile. Long Range Wide

Area Network (LoRaWAN), Sigfox, and NarrowBand Internet of Things (NB-

IoT) are the leading technologies nowadays [33]. LoRaWAN has been created

by the LoRa Alliance and takes advantage of the LoRa modulation with Chirp

Spread Spectrum modulation [34], which is easy and affordable to implement

on LoRa chips. LoRa transceivers operates at sub-GHz frequencies (e.g., 868

MHz in Europe, 915 MHz in USA). LoRaWAN uses a star topology to intercon-

nect the nodes, and to collect sensing data through a central concentrator. It

converts these data in order to be transferred through the Internet. It is specif-

ically designed for IoT applications to connect thousands of sensors, modules,

and appliances over a large network. LoRaWAN is commonly utilized in vari-

ety of agriculture application areas including weather forecasting [35], irrigation

control [28], and farm monitoring [26]. Sigfox is an ultra-narrowband wireless

protocol for low data rate applications, thereby making this technology appro-

priate for IoT and machine-to-machine (M2M) systems [36]. Sigfox implements

the Differential Binary Phase Shift Keying (D-BPSK) modulation and operates

in unlicensed ISM bands, i.e. 868 MHz in Europe, 915 MHz in North America,

and 433 MHz in Asia. It is an LPWAN network protocol that offers an end-

to-end IoT connectivity solution based on its patented technologies. Sigfox is

also suitable for agricultural applications, such as: monitor silo and tank lev-
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els, measure the temperature of grain stocks, protect remote farmhouses and

outbuildings, secure gates and deter livestock thieves, optimize colony health

with remotely monitored beehives, monitor food temperatures along the entire

cold chain1. Finally, NB-IoT is considered as the latest radio access technology

that emerges from 3rd Generation Partnership Project (3GPP) to enable sup-

port for IoT devices. Differently from LoRaWAN and Sigfox, NB-IoT coexists

with Global System for Mobile (GSM) and Long-Term Evolution (LTE) under

licensed frequency bands 900 MHz [37] with a frequency bandwidth of 200 kHz

[38]. Thanks to long battery life, large coverage, and its low cost, NB-IoT is

a very suitable solution for various agriculture applications such as livestock

tracking, greenhouse monitoring [39], and precision farming [40]. For the sake

of completeness, other technological solutions for the smart agriculture - aside

from such dedicated protocols - have been implemented on top on very diffused

wireless protocols, i.e., WiFi and Zigbee.

Wi-Fi is the most commonly utilized protocol in many indoor and outdoor

applications: it is considered as the main option for various IoT applications for

the smart agriculture like data collection and the connection to cloud. Never-

theless, the high power consumption level of Wi-Fi makes it poorly suitable for

agriculture scenarios, despite being still largely adopted. Wi-Fi operates at the

2.4GHz or 5GHz frequency bands. Its transmission range is almost limited, up

to 1 km, but it provides a nominal minimum bit rate of 1Mb/s at 2.4GHz and

can scale up for a large set of bandwidth-demanding applications. ZigBee is a

Wireless Personal Area Network (WPAN) communication technology that was

specifically developed by ZigBee Alliance based on the 802.15.4 for low cost and

low power solutions for home automation [41]. Nevertheless, thanks to the low

cost and the great diffusion of Commercial Off-the-Shelf (COTS) chips, Zigbee

has firmly imposed in various applications like greenhouse monitoring [27, 21],

water saving [29], and yield improvement [30].

There are other features of wireless network protocols to be considered be-

1Scenarios at: https://www.sigfox.com/en/agriculture
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cause they can be more significant than others in terms of requirements. In-

deed, some smart agriculture applications might need adequate data transfer

rates and large coverage ranges due to high numbers of sensors spread over the

field. Besides, it is typically unpractical to provide fixed power to the sensors,

thus justifying the use of batteries. Anyway, a frequent replacement of batter-

ies would not be desired. Hence, power consumption is another key parameter

for sensors, and the power used for wireless transmissions must be carefully

weighted. Considering these key features, Fig. 1 provides a qualitative compar-

ison among the cited network protocols in terms of range and transmission rate

(axes), and of power consumption (bubble size).

5. Multi-access edge computing and 5G networks

The scope of this section is to discuss the potential advantages brought by

the exploitation of the MEC paradigm in the SF context.

The cloud computing paradigm enables the offloading of data and data pro-

cessing to remote servers. Such an approach, intrinsically centralized, is showing

its limits with respect to the needs of today’s services and applications. In parti-

cular, many IoT applications require mobility management, location awareness,

low latency, and scalability; those requirements cannot be fully satisfied by

centralized approaches. Several challenges should be taken into account, such

as single point of failure, lack of location awareness, loss of reachability, and

latency, which can severely impact on the expected performance level [42]. Fur-

thermore, centralized servers can be overwhelmed by huge amounts of traffic,

thus adding further delays and suffering efficiency loss: as a matter of fact, the

very rapid growth of cloud-based applications and services is putting the central

infrastructure under pressure [42]. Because of those reasons, edge computing

has been proposed as the candidate for filling the gap, meaning that interme-

diate entities are placed among the end-devices and the cloud. On-site MEC

servers process the data collected from close sensors, thus removing the need of

upload to a remote cloud service. By doing so, the overall delay is reduced, and
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Fig. 1 – Qualitative comparison of the most diffused wireless communication protocols in smart

agriculture presented in terms of transmission rate and range (axes) and power consumption

(bubble size).

reliable services are provided with high availability. IoT, which is considered

one of the key use cases of MEC [43], is expected to greatly benefit of it. In some

ways, MEC, standardized by ETSI, can be seen as a new era of the cloud, where

a decentralized infrastructure opens new markets and enables real-time critical

applications, such as Vehicle to Anything (V2X) scenarios. When coupled with

the features offered by 5G, such as the network slicing [44] highlighted in Fig. 2,

and the increasing softwarization process, MEC and Software Defined Network-

ing (SDN) together bring efficient network operation and service delivery [45].
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The popularity of SDN is speeding up the adoption of MEC, and we propose in

what follows a high-level network architecture of interest in the context of SF.

When looking at rural contexts, where internet connectivity still suffers from

poor coverage in several geographic areas, aerospace networks play a role in fill-

ing the gap [9] since long time. The advent of mega-Low Earth Orbit (LEO)

constellations and nano-satellites, as complementary to geosynchronous (GEO)

backbones [46], is expected fuel the massive introduction of digital technologies

in the SF context2. Along to connectivity via satellites, MEC-based archi-

tectures exploiting satellites have been proposed in [46, 47], in order to take

advantage of MEC even in contexts with poor terrestrial coverage, or to deliver

multimedia flows with the desired Quality of Experience (QoE). In Fig. 2,

which depicts a plausible scenario, two possible reference architectures are con-

sidered, according to the scenario under consideration. In the case of small-scale

agriculture, a local MEC server could be economically unfeasible, thus remote

offloading [46] represents the best option: while the satellite delay must still

be payed, relying on LEO satellites greatly reduces such a value (one-way de-

lays can be lowered to less than 50ms, well below the average 270ms in the

case of GEO satellites) and the presence of edge servers close to the terrestrial

satellite gateway (or to the radio network controller site [48]) shrinks to the

minimum both the terrestrial network and the processing delays. In the case

of large-scale agriculture, where larger investments are expected because of the

potential larger revenue, proximal offloading [46] becomes economically feasible;

such a solution offers very low delay and computational power close to where it

is needed.

In [49], the authors propose UAVs with on-board MEC functionalities, taking

into account the constraint due to limited batteries capacity. The tasks to be

performed are split in two parts: a fraction to be run on board the UAV, and the

other fraction to be migrated towards terrestrial stations. MEC is exploiting

the advent of 5G, and designing those functionalities on board UAVs benefit

2See the case of the Starlink constellation of LEO satellites by SpaceX.
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Fig. 2 – Plausible network architectures, highlighting the use of MEC in proximal offloading

and remote offloading configurations [46].

of large commercial interests, but it needs a careful design analysis. Mobile-

enabled and wireless infrastructure aerial drones are considered in [50], i.e.,

drones exploiting 5G connectivity in the former case and drones relaying or

providing 5G connectivity in the latter one. The authors are convinced that,

although integrating drones into cellular networks is a rather complicated issue,

5G standard has progressed in building the fundamental support mechanisms.

Referring to Fig. 2, we assume that 5G connectivity is offered via LEO

satellites, and that a MEC server acts as an intermediate entity for satisfying

the aforementioned requirements of a real-time IoT network, for instance re-

lying on autonomous vehicles and operations, such as coverage extension and

agricultural services. Connectivity can be provided in two different manners:

through a direct connection to satellites, which means that the latter have on-

board transparent interfaces; or through the use of relay nodes. In Fig. 2, both

options are considered: the case of a direct connection of the control center to

the satellite transparent payload [51], and the case of an UAV, acting as a relay

node for coverage extension [52]. At this time, the use of relay nodes is the most

doable solution for both technical and economical reasons.

Looking more closely to the use of IoT in the example proposed in Fig. 2,
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both short and long-range sensor nodes are deployed in the field, as for instance

those exploiting the Long Range (LoRa) protocol, which covers long distances

even in difficult conditions. The data collected by sensors are then delivered

towards a server for analysis and storing purposes. Several heterogeneous data

sources, i.e., sensors placed in the soil and measuring e.g. the use of water,

satellite/UAV imagery, and weather-related data coming from stations placed

in the field, are collected altogether. Being heterogeneous sources, both in the

data type and in the generation time-scale, there is the need to integrate and

analyse raw data at a software level, with the clear purpose of deriving useful

information to be used by a farmer or by autonomous vehicles. In the former

case, such a system act as a DSS for the farmer’s needs; in the latter case,

such a system acts as an (un)supervised centralized intelligence, guiding the au-

tonomous vehicles during their operations or sending commands to the deployed

actuators. The UAVs and UGVs can be pre-loaded with the needed information

before departing, as common nowadays, or can exchange data, to be used by the

central intelligence as real-time feedback while guiding the vehicle. Given the

requirements of the aforementioned autonomous case, the availability of a MEC

server is crucial to achieve very low delays, and to efficiently elaborate large

quantities of raw data, as in the case of large-scale agriculture. Thus, UAVs can

efficiently support environmental monitoring [53] and agriculture applications

[4, 21]. As already discussed, civil applications require that the human pilot,

still needed for security reasons, has Visual Line of Sight (VLoS) with the UAV,

thus somewhat limiting the scope of their use because of the reduced opera-

ting range. The possibility of using cellular networks to extend the range to use

UAVs through 4G/5G links has been subject of studies in the literature [54, 55],

in order to characterize the quality of the signal received at flying altitudes [55].

In [56], the authors test the possibility of using LTE networks for piloting an

UAV in a rural area in Denmark. The preliminary measurement campaigns,

aimed at characterizing the path loss model, are then backed by simulation re-

sults confirming that LTE networks can be used for such a purpose. In [57], the

authors proposed the use of a UAV-to-ground video feed to support a remote
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pilot on the ground through visual context while piloting in BVLoS conditions.

The video feed and the telemetry are supposed to be complementary and mixed

together in the data flow coming from the UAV to the Ground Control Sta-

tion (GCS). Such a study is framed in the wider context of using swarms of

drones for different purposes, like either monitoring of power lines, or of cultural

heritage sites, or for agricultural applications.

6. Conclusion

Agriculture is experiencing a new revolution, but the potential for such a

phenomenon to succeed depends on several factors. In this work, we focus on

the technological factors, such as IoT; unmanned systems for data gathering,

coverage extension, and for agriculture-specific application scenarios; long and

short-range networking solutions for data collection; 4G/5G cellular networks

and satellite solutions for connectivity; and on the potential of MEC in the field.

This short survey has aimed at providing an holistic view of all the technologies

turning around such a digital revolution in Agriculture 4.0.
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