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Internet of Things (IoT) is being used in various parts of human life (domestic and commercial) to provide ease in living, safety,
increase productivity, monitoring, and resource optimization in various industries. Agriculture is one of them, where IoT and
robots are being used before and after the cultivation process, from preparing land for cultivation to supplying them to the
consumer market. These domains include crop monitoring, smart irrigation, pest monitoring, and smart pest control,
harvesting, and safely supplying them in the consumer market by maintaining the quality and integrity of the final product.
Pakistan is an agricultural country, where it stands in terms of advanced agriculture technology. In this review, we discussed
the major IoT ecosystem components. What are the most practiced smart agriculture techniques and their benefits and some
widely used applications of IoT in agriculture? Through this overview, we are trying to highlight the potential of IoT in
agriculture for sustainable food security for Pakistan.

1. Introduction

Food security is becoming the biggest challenge to the world
as by 2050 the world’s population is predicted to reach 9.7
billion which is 20.6% of the current population [1]. Also,
the rate of urbanization is accelerated, with 68% of the world
population expected to be urbanized in 2050 [2], which was
54% until 2018 [3] which will reduce available arable land.
On the other hand, not all the land on earth is arable because
of some factors like soil quality, climate, topography, and
high variability factors within the homogeneous land. Fur-
thermore, the rate of arable land declining surpasses the rate
of recovery because of pollution, soil erosion, and land deg-
radation [4]. All these issues are inclined toward the adop-
tion and advancement of agriculture. Pakistan is an
agricultural country, and agriculture contributes 19.5% to

the country’s Gross Domestic Product (GDP) and provides
38.5% of employment of the national labor force [5]. Agri-
culture in Pakistan is declining because of water scarcity,
old practices, and uneducated farmers. Unfortunately, Paki-
stan follows downward in agriculture, mostly focusing on
chemical fertilizers and pesticides and genetically modified
organism (GMO) seed, although GMO crops proved to be
beneficial as cash crops for Pakistan; it is harmful to biodi-
versity, especially in Pakistan producing 95% of yield as
Bt-cotton and hybrid maize [6]. Pakistan is taking several
initiatives for food security [5]. But there is no plan found
for adaptation for technology; we did not even find any con-
crete interagriculture-information technology research in
the last decade. Even the most viable solution could be the
adoption of IoT systems in the processes of agriculture.
The reasons could be Pakistan being a developing country,
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upfront cost, lack of budget for research and development
(R&D), and undefined agriculture policies. After the emer-
gence of the IoT, it changed the dimensions of different sec-
tors and industries like health care [7], car monitoring
systems [8], smart agriculture [9], smart cities [10], and
smart homes [11]. The IoT is a system that does not require
any machine-to-machine and human-to-machine interac-
tion to perform any task, possesses the ability to transfer
data over a network, and consists of multiple interrelated
computing devices and digital and mechanical machines
with unique identifiers (UIDs), which is relatively cheap as
compared to previous existing technologies but still required
researchers and industry attention.

IoT-based systems provide some major capabilities such
as data acquisition and communication infrastructure (used
to connect smart objects to end-user applications through
the Internet), cloud-based intelligent data analysis, deci-
sion-making, end-user interface, and operation automation.
These capabilities are opening new dimensions in the field of
agriculture. This paper is a brief overview of the application
of the Internet of Things in smart agriculture for sustainable
food security. The overview consists of some practical case
studies, white papers, and articles about how IoT could pro-
vide sustainable food production with minimal resources
and what are challenges to begin with and what could be
the possible approach to implementing the IoT-based
ecosystem.

2. IoT Ecosystem’s Equipment and Technology

IoT ecosystem is a combination of several technologies and
equipment that are embodied by integrated systems that
work seamlessly in their operations (Figure 1), representing
the IoT system architecture. Data acuisition is done from
the sensors and the data is transferred to the cloud architec-
ture where desicions are taken to perform operations in the
field based to provide insight for the end-user application.
All components of the system work independently without
having any human-to-human or human-to-machine inter-
action. Here are some common components that make this
whole process seamless and integrated.

2.1. IOT Sensor Components/Technology. Smart agriculture
cannot be possible without the sensor’s technology. Sensors
are used to gather and measure different factors and vari-
ables of environments that could affect crop yield. The suc-
cess of precision agriculture is based on accurate sensor
data acquisition for crop- and soil-specific management
[12]. Almost all the equipment and vehicles (i.e., tractor,
harvester, unmanned aerial vehicle, and sensor device) are
equipped with remote sensing facilities like Geographic
Information System (GIS) and Global Positioning System
(GPS) for precise and autonomous site-specific operations.
A wide range of IoT sensors available for monitoring appli-
cations can be classified into two categories. The first one is
intelligent multipurpose imagery sensors, which could be
embedded on unmanned aerial vehicle (UAV), rails, and
fixed position components and could involve remote sensing
[13]. Combined with deep learning, these sensors can reach

their full potential and are capable of soil and vegetation/
crop mapping, crop phenology, crop height, estimation of
yields, fertilizers’ effect and biomass, plants water stress
detection and drought conditions, pest detection and man-
agement, weed detection, and greenhouse monitoring [14].
The second type of sensor is more commonly used and spe-
cific to their use case and can be deployed at various loca-
tions on the field. The most common sensors are airflow,
soil moisture, electrochemical, capacitive humidity, position,
mechanical, optical, and temperature sensors. Table 1 repre-
sents sensor working and their use cases. Furthermore, there
are some worth mentioning factors that make IoT sensors
suitable for smart agriculture: (1) computational efficiency,
(2) cost, (3) coverage, (4) durability, (5) memory, (6) porta-
bility, (7) power efficiency, and (8) reliability.

2.2. Unmanned Aerial Vehicles (UAVs). Apart from the IoT
ecosystem, UAVs is itself an emerging and self-existing tech-
nology that is a combination of various other technology
stacks such as robotics, on-board computing, artificial intel-
ligence (AI) [21], information and communication technol-
ogy (ICT), IoT, and battery. The reason behind the
popularity of UAVs is that it is filling the gap of limitation
of remote sensing imaging through satellite because of
weather and cloud penetration and on-ground limitation
of robots because of uneven plains, obstacles, and speed.
UAVs provide imaging with high resolution using hyper-
spectral, multispectral, and Red Green Blue (RGB) cameras
[22]. It entails more accurate details of the field at a much
cheaper cost.

UAVs are workable in monitoring as well as in the
action phase of the application. Common usage of UAVs
in two major phases of precision agriculture is as follows.
First one is monitoring, where applications are soil and crop
mapping and sampling [23], yield forecasting [24], weed
detection [25], pest and disease detection [26], and soil and
crop stress assessment [27, 28]. The second one is an action
phase where applications are sowing seed [29], spraying her-
bicides [30], pesticides [31], and fertilizer [32].

UAVs have two main types shown in Figure 2: fixed-
wing UAVs and rotary-wing UAVs. Fixed-wing UAVs are
more similar to airplanes and more or less follow similar
phenomena for flying; fixed-wing UAVs are more favorable
to work on large areas because of the capability of long
range, high speed and altitude, and crash tolerance.
Rotary-wing UAVs have further classification such as heli-
copter and multirotary type; commonly, multirotary UAVs
are named after their number of rotaries, i.e., four-rotary
UAVs as quadcopter [33, 34], six-rotary UAVs as hexcopter
[35], and eight-rotary UAVs as octocopter [36]. Fly in a hov-
ering manner similar to a helicopter. Rotary-wing UAVs
have more advantages than fixed-wing UAVs such as being
easy to set up and operate, low altitude flight, precise loca-
tion operation ability, no wind planning required, and being
fully autonomous for daily agriculture operations.

With all the ease, UAVs have some limitations as well.
The technical limitations of UAVs are low battery time
and efficiency, payload, communication distance, and low
flight time. Fixed-wing UAVs can communicate up to 100
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kilometers, and the average flight time is about 5 h [37]. Bat-
tery efficiency researchers are working to develop a more
efficient hybrid battery and battery management and optimi-
zation techniques [38, 39].

2.3. Communication Technologies. Smart agriculture is
impossible without the inclusion of ICT. Data has no pur-
pose if it cannot be sent to some database or cloud for fur-
ther computing and analysis; it is considered the backbone
of smart agriculture. There are several classifications in com-
munication technologies based on their communication
range, data rate bandwidth, power consumption, licensed
or unlicensed spectrum, frequency band, and subscription
prices. Every communication technology works better than
others in different application scenarios which depend on
what aspect is most important in that particular application.
For each application scenario, some work best or some work
worst. For example, Zigbee communication technology is

more suitable for greenhouse agriculture monitoring, and
Narrowband Internet of Technology (NB-IoT) and long
range (LoRa) are more suitable for field precision agricul-
ture [40].

Choosing communication technology for smart agri-
culture depends on multiple factors. Some factors are
more prominent than the other; e.g., unlicensed spectrum
technologies could have better bandwidth but come with
some pitfalls such as radio frequency interference, insecure
communication, infrastructure setup cost, and low range
connectivity. Radio frequency identification (RFID), Blue-
tooth, Wi-Fi, and Zigbee are examples of unlicensed spec-
trum technologies. On the other hand, licensed spectrum
technologies are reliable, provide accessibility for large
areas, are secure, and have less infrastructure cost but have
a subscription for data transmission and low data rate
bandwidth as compared to the unlicensed ones. A survey
suggests that ZigBee, Wi-Fi, and cellular technologies are

IoT cloud
platform

Gateway

IoT node

Remote user

Farmer

Application interface

Application
server

Big data analytic IoT ecosystem

Co
m

m
un

ica
tio

n 
pr

ot
oc

ol
s
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more popular among researchers for agriculture applica-
tions. About 45% of Zigbee, 25% of Wi-Fi, and 20% of
cellular or multihopping technologies are utilized by the
researcher for their agriculture-related experiments [41].
Furthermore, NB-IoT and Long-Term Evolution Machine
(LTE-M) are relatively new Low-Power Wide-Area
(LPWA) technologies and could capture more attention
as the 3rd Generation Partnership Project (3GPP), the
standard group specifying the 5th generation mobile net-
work (5G) and other wireless networking standards, has
affirmed that these technologies are going to be a part of
5G and will be the only LPWA-supported 5G technology
[42]. Table 2 shows some widely used communication
technologies in smart agriculture.

3. Smart Agriculture Methods and Techniques

Humans have been trying to improve food production for
centuries to meet food requirements. To achieve this task,
they are adopting and applying different advanced agricul-
ture techniques. After the emergence of IoT, advanced agri-
culture techniques like vertical farming, hydroponics, and
phenotyping significantly improve their performance by uti-
lizing IoT and becoming an essential part of them. It is cost-
effective and can help us in the efficient management of
resources ranging from input resources, labor resources,
and operational resources and also provide a high yield.
Applications of technology are geospatial and temporal sam-

pling and mapping, disease and pest monitoring, smart irri-
gation, and fertilization. Commonly used technologies and
equipment are sensors, UAVs, IoT-based machinery and
communication, etc.

3.1. Precision Agriculture. Precision agriculture existed long
ago but it was not viable for small and medium farmers
and even not viable for large farmers in developing countries
like Pakistan, the challenges ahead like climate change, a gap
in demand and supply of food, urbanization, and declining
arable land are unavoidable. In this situation, the emergence
of IoT is enabling a new dimension in precision agriculture,
consisting of several already existing technologies such as
WSN, RFID Gateways, cloud computing, communication
protocols, middleware components and end-user inferface
[49]. Communication protocol, middleware components,
and end-user interface [49].

Precision agriculture is focused on the utilization of nat-
ural resources efficiently and protecting the natural environ-
ment. There are four steps to implement precision
agriculture: characterizing the extent and scale of variability
in soil and crop attributes, interpreting the significance and
causes of variability, managing variability on a spatial and
temporal basis, and monitoring the outcomes resulting from
the variability management practices [50] that could only be
done efficiently using the IoT. To wind up the discussion,
Figure 3 illustrates the common hurdle in the adoption
and implementation of technology in precision agriculture;
on the other hand, Figure 4 indicates the key advantages of
IoT in precision agriculture (PA). The precision agriculture
adoption starting point could be yield monitoring by gather-
ing data to develop spatial and temporal feature databases
for management of land for interpretation and yield
mapping.

3.2. Greenhouse Farm. Greenhouse farming is more or less
similar to precision farming with some subtle differences
and purposes. The major difference is that greenhouse

Fixed-wing UAV Rotary based UAV

Figure 2: Two main types of UAVs.

Table 1: Agriculture sensors and use cases.

Type of sensors Functionality Use case

Capacitive
humidity [15]

Use of electrodes with hygroscopic dielectric
material, to detect air moisture by electrical

permittivity

Monitor humidity of soil and air in a controlled environment for
irrigation and fertilization

Electrochemical
[16]

Use of electrodes to detect specific ions in the soil
Properties like the macro and micro nutrients in the soil, salinity,

and pH are measured

Imagery and
remote sensing
[13]

Use of multispectral cameras, hyperspectral cameras,
IR cameras, and digital cameras to generate a digital

image

Monitor anomaly, weed, disease, pest, and crop mapping with the
help of spatial, spectral, and temporal resolution

Mechanical [17]
Use to measure soil mechanical resistance to indicate

the soil compaction
To detect the force used by the roots in water absorption and

useful for irrigation and soil inspection

Optical [18] Use of light to measure soil properties
Light reflectance phenomena used to determine clay content,
color, minerals and their composition, organic matter, and

moisture content of soil

Position [19]
Use of Global Positioning System (GPS) satellites to

determine the latitude, longitude, and altitude
The GPS provides precise positioning and backbone for GIS that

is used for geospatial analysis

Soil moisture
[20]

Use of electrodes to assess moisture levels by
measuring the dielectric constant in the soil

Time-domain reflectometry (TDR) for nondestructive
continuous monitoring of soil water content
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farming is done in a closed or isolated environment or space
where environmental parameters are controlled and man-
aged by smart systems. Although greenhouse farming is
not new, the information technology and IoT found applica-
tions that are aligned with greenhouse techniques like tem-
perature, humidity control, and monitoring in the shed.
The precise and continuous monitoring and controlling can-
not be achieved without IoT and smart systems. Greenhouse
space is comparatively smaller than open-field agriculture
but yields more productivity than traditional methods. The
Netherlands is one of the small countries and the second
largest exporter of agricultural goods utilizing greenhouse
farming and hydroponics variety of crops [51]. Through
greenhouse farming, we can even utilize desert space for sus-
tainable farming [52].

3.3. Urban Farming. Urban farming is another revolutionary
idea and a relatively new concept, with the fusion of different
methods such as rooftop farming, indoor farming, vertical
farming, hydroponics, aquaponics, and aeroponics; as
already mentioned in the article, more population is shifting
toward urban areas, and urban areas are the large consumer
of food products. On the other hand, climate change and
water scarcity affect agriculture harshly and are serious chal-
lenges for sustainable food security. Also, some other chal-
lenges are long distance between food producers and food
consumers so there is a transportation and chain supply
expense that impacts food quality, causing extra pollution
by transport vehicles. Urban farming is a solution where
people can grow food in their proximity to have fresh and
cheap food. Urban farming is completely dependent on the
precise control environment and system to grow day and
night and a whole year without any season and weather
impact. We can grow food in a closed box without any sun-
light the whole year [53]. By realizing the potential of urban
farming, Paris is taking a shift with its largest rooftop farm
with an expectation to have 30 different types of plants, fur-
thermore aiming to have more than 100 hectares of rooftops
farms [54]. Similarly, the 100 ft below the ground abandoned
space is well utilized for vertical farming in London [55].

4. Applications of IoT in Agriculture

In the smart era of agriculture, almost all the agriculture pro-
cesses are data-driven that are acquired by continuous mon-
itoring of on-site IoT devices. Applications of smart
agriculture that can only be done by utilizing IoT are geospa-
tial and temporal mapping and sampling [56], smart drip
and sprinkler irrigation, pest and pathogen monitoring and
controlling, yield assessment, precision fertilization, and
environment maintenance. All these applications are briefly
discussed below:

4.1. Geospatial and Temporal Mapping and Sampling. The
simple and crucial application of precision agriculture can
be used for crop field assessment and mapping. Applications
that depend on the geospatial and temporal sampling are
weed management systems, water stress assessments, and
vegetation indexes. Also, it can be used for spatial variability
assessment using GIS [57].

Geospatial can be done using remote sensing, aerial sur-
veys using planes, and remote imagery using UAV. Initially,
it was expensive and not as efficient as today. Because of sat-
ellite remote sensing and cloud distortion, UAV is cost-
effective and way more efficient and could be adopted as
the first step for precision farming, even by farmers in devel-
oping countries like Pakistan.

4.2. Smart Irrigation. As the world has been facing the chal-
lenge of water scarcity, Pakistan is becoming water scarce
from a water-stressed country [58]. By using IoT and smart
systems, weather adaptive smart irrigation systems can be
implemented and reduce the usage of precious resource
water [59]. Smart irrigation is designed to irrigate only if
necessary, depending on the crop and soil stress level.
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Figure 4: Key advantages of IoT in agriculture.
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UAV is a great tool to deal with the variability factor of
water stress; sprinkler irrigation can be done using UAV
for precise irrigation on the spot [60].

4.3. Pest and Weed Management System. Pest, weeds, and
pathogens can affect the crop harshly and may reduce pro-
ductivity by up to 30% only by weeds [61]. On the other
hand, pesticides and herbicides also reduce the profit and
degrade the product quality as well which is a big concern
for the consumer. IoT and smart systems can assess the dis-
ease, pest, and weed in the crop in the early stages and can
inform the farmer, also capable of eradicating the pest and
pathogens by precise targeting with pesticides and herbi-
cides; smart vehicles [62] can also be used for this purpose.

4.4. Yield Assessment. Yield assessment is the most essential
part of smart agriculture. For any type of assessment, data
acquisition is the first step. Precise and continuous monitor-
ing for the biotic and abiotic factors is only possible by IoT,
WSNs, and UAV imagery. All these devices generate enor-
mous amounts of unstructured data. The acquired data can
be utilized for the early prediction of disease [63], crop pre-
diction [64], and harvest planning [65]. Through these
applications, farmers can reduce their labor cost and opera-
tion cost, can do the error-free assessment for diseases and
pests, estimate the revenue and profit, and schedule and plan
a more suitable harvesting period that results in less input
cost and more profitability in the long run.

4.5. Precision Fertilization. Another most important applica-
tion of IoT for agriculture is that it can save money and the
environment at the same time. Imbalance fertilization can
cause multi-impact damage; i.e., sometimes plants require
fewer nutrients; thus, excessive fertilizer may drain away or
cause salinity in the soil which may rotten the plant,
decrease productivity, cost you extra, and also cause climate
change by evaporation. On the other side, if the plant
required more nutrients, but was provided less, that also
caused a decline in productivity and growth. Furthermore,
fertilizer proportions of different elements such as nitrogen
(N), potassium (K), and phosphorus (P) and water also mat-
ter because proportion depends on plant type, soil type, and
weather; otherwise, crops cannot be productive. One more
aspect is the variability which can only be handled through
precision monitoring and mapping of land and crop. Smart
IoT-based agriculture systems provide an optimal estimation
of nutrient requirement [66] and reduce the labor cost and
input costs.

5. Challenges and Solutions of Using IoT
Devices in Smart Agriculture

The most significant limitation of using IoT devices is bat-
tery life and especially when using UAVs in agriculture is
the flight time along with the battery. A thorough study
has been performed, and this one is an open area for various
solutions [67]. Many researchers have worked to reduce
these hurdles and proposed and tested their solutions.

To enhance the UAVs’ fly time, ultralightweight WPT
systems were proposed [68]. The system is flexible enough
to handle air-gap geometrical changes. The system is capable
of charging UAVs in midair and extending the flight time to
around 7 minutes. Their system can charge drones wirelessly
with 10W. In another work [69], a wireless charging system
for UAVs was developed using capacitive power transfer
(CPT) technology. This system can charge UASs on wide
charging areas. Their system’s emitting side is comprised
of a circuit, transformar and inductors.The receiving side is
comprised of all the small devices using semiconductor ele-
ments for a DC-DC converter and charge controlling IC.
Their prototype system works on around 12W and provides
more than 50% efficiency.

While considering the magnetic resonant coupling tech-
nique due to its efficiency and capability of high power
transfer, [70] has proposed and developed a wireless charg-
ing system for UAVs used in agriculture fields. In their
experiments, they achieved maximum transfer power and
efficiency by using FSC coil with 150 coil turns in the trans-
mitter circuit and the MTC comprising 60 coil turns in the
receiver UAVs.

Another major hurdle of using UAVs in smart agricul-
ture is path loss while communicating wirelessly due to the
surrounding environment, and an accurate path loss model
is essential for smart agriculture applications to make sure
wireless data communication without unnecessary packet
loss among each component of the system. [71] has pro-
posed and tested two improved models. Their simulation
results show that the hybrid exponential and polynomial
and particle swarm optimization models noticeably
improved the coefficient of determination (R2) of the regres-
sion line, with the mean absolute error (MAE) found to be
1.6 and 2.7 dBm for both algorithms. The Wireless Under-
ground Sensor Network (WUSN) faces the same path loss
issues, and [72] has proposed and developed a system based
on an accurate prediction of the Complex Dielectric Con-
stant (CDC) to handle the path loss for precision agriculture
known as WUSN-PLM. Their results show that the WUSN-
PLM outperforms the existing path loss models in different
communication types and provides 87.13% precision and
85% balanced accuracy on real cheap sensors.

6. Conclusion

In this review, the importance of IoT and its successful
applications in agriculture is presented along with challenges
and solutions. IoT’s ecosystem and use of UAVs and their
various types and benefits, different communication proto-
cols, and their pros and cons for agriculture applications
are also covered. We have also discussed how IoT can be
applied in different smart agriculture techniques such as pre-
cision agriculture, greenhouse farming, and urban farming
with some case studies of food product leaders. Further-
more, we have discussed some widely used applications of
IoT in agriculture. Consider geospatial and temporal map-
ping and sampling of crops as the first step for smart agricul-
ture for any developing country like Pakistan where the
upfront cost is a big issue for farmers. After the overview,
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we conclude that Pakistan as agriculture taking several ini-
tiatives to cope with climate change, water scarcity, food
insecurity.The usage of advanced information technology,
artificial intelligence which is somewhat missing in local
developed projects. Thus, Pakistan and other developing
countries should bear the upfront cost and R&D in the inter-
agriculture and information technology field; it will help
them in the long run for sustainable food security irrespec-
tive of climate conditions.

Data Availability

No such data is required.

Conflicts of Interest

The authors declare no conflict of interest.

References

[1] “Growing at a slower pace, world population is expected to
reach 9.7 billion in 2050 and could peak at nearly 11 billion
around 2100|UN DESA|United Nations Department of Eco-
nomic and Social Affairs,” April 2020, https://www.un.org/
development/desa/en/news/population/world-population-
prospects-2019.html.

[2] “68% of the world population projected to live in urban areas
by 2050, says UN|UN DESA|United Nations Department of
Economic and Social Affairs,” April 2020, https://www.un
.org/development/desa/en/news/population/2018-revision-of-
world-urbanization-prospects.html.

[3] “Key facts-world urbanization prospects-population division-
United Nations,” April 2020, https://population.un.org/wup/
Publications/Files/WUP2018-KeyFacts.pdf.

[4] “Earth has lost a third of arable land in past 40 years, scientists
say|Environment|The Guardian,” https://www.theguardian
.com/environment/2015/dec/02/arable-land-soil-food-
security-shortage.

[5] “Ministry of Finance|Government of Pakistan|Pakistan Eco-
nomic Survey 2018-19-Agriculture,” May 2020, http://
finance.gov.pk/survey_1819.html.

[6] “In Pakistan, how smart can agriculture be|Political Econ-
omy,” May 2020, https://www.thenews.com.pk/tns/detail/
576184-how-smart-can-agriculture-be.

[7] S. B. Baker, W. Xiang, and I. Atkinson, “Internet of things for
smart healthcare: technologies, challenges, and opportunities,”
IEEE Access, vol. 5, pp. 26521–26544, 2017.

[8] E. Husni, G. B. Hertantyo, D. W. Wicaksono, F. C. Hasibuan,
A. U. Rahayu, and M. A. Triawan, “Applied Internet of things
(IoT): car monitoring system using IBM BlueMix,” in 2016
International Seminar on Intelligent Technology and Its Appli-
cations (ISITIA), pp. 417–422, Lombok, Indonesia, 2017.

[9] M. S. Mekala, V. Perumal, M. Shareef Mekala, and
P. Viswanathan, “A survey: smart agriculture IoT with cloud
computing,” in 2017 international conference on microelec-
tronic devices, circuits and systems (ICMDCS), pp. 1–7, Vellore,
India, 2017.

[10] H. Arasteh, V. Hosseinnezhad, V. Loia et al., “Iot-based smart
cities: a survey,” in 2016 IEEE 16th international conference on
environment and electrical engineering (EEEIC), pp. 1–6, Italy,
2016.

[11] B. L. Risteska Stojkoska and K. V. Trivodaliev, “A review of
Internet of things for smart home: challenges and solu-
tions,” Journal of Cleaner Production, vol. 140, pp. 1454–
1464, 2017.

[12] Q. F. Hassan, Internet of things A to Z: technologies and
applications-concepts and perspectives, Wiley-IEEE Press,
2018.

[13] M. P. Wachowiak, D. F. Walters, J. M. Kovacs, R. Wachowiak-
Smolíková, and A. L. James, “Visual analytics and remote sens-
ing imagery to support community-based research for preci-
sion agriculture in emerging areas,” Computers and
Electronics in Agriculture, vol. 143, pp. 149–164, 2017.

[14] A. Kamilaris and F. X. Prenafeta-Boldú, “Deep learning in
agriculture: a survey,” Computers and Electronics in Agricul-
ture, vol. 147, pp. 70–90, 2018.

[15] S. A. Imam, A. Choudhary, and V. K. Sachan, “Design issues
for wireless sensor networks and smart humidity sensors for
precision agriculture: a review,” International Conference on
Soft Computing Techniques and Implementations, ICSCTI,
vol. 2016, pp. 181–187, 2015.

[16] D. J. Cocovi-Solberg, M. Rosende, and M. Miró, “Automatic
kinetic bioaccessibility assay of lead in soil environments using
flow-through microdialysis as a front end to electrothermal
atomic absorption spectrometry,” Environmental Science &
Technology, vol. 48, no. 11, pp. 6282–6290, 2014.

[17] A. Hemmat, A. R. Binandeh, J. Ghaisari, and A. Khorsandi,
“Development and field testing of an integrated sensor for
on-the-go measurement of soil mechanical resistance,” Sensors
and Actuators A: Physical, vol. 198, pp. 61–68, 2013.

[18] S. C. Murray, “Optical sensors advancing precision in agricul-
tural production,” Photonics Spectra, vol. 51, no. 6, pp. 48–56,
2017.

[19] M. R. Yousefi, “Application of GIS and GPS in precision agri-
culture (a review),” May 2020, http://www.ijabbr.com/.

[20] H. Sharma, M. K. Shukla, R. Steiner, M. K. Shukla, and P. W.
Bosland, “Soil moisture sensor calibration, actual evapotrans-
piration, and crop coefficients for drip irrigated greenhouse
chile peppers,” Agricultural Water Management, vol. 179,
pp. 81–91, 2017.

[21] B. H. Y. Alsalam, K. Morton, D. Campbell, and F. Gonzalez,
“Autonomous UAVwith vision based on-board decision mak-
ing for remote sensing and precision agriculture,” in 2017 IEEE
Aerospace Conference, pp. 1–12, Big Sky, MT, USA, 2017.

[22] W. H. Maes and K. Steppe, “Perspectives for remote sensing
with unmanned aerial vehicles in precision agriculture,”
Trends in Plant Science, vol. 24, no. 2, pp. 152–164, 2019.

[23] G. Sona, D. Passoni, L. Pinto et al., “UAV multispectral survey
to map soil and crop for precision farming applications,”
https://air.unimi.it/handle/2434/451326.

[24] M. A. Hassan, M. Yang, A. Rasheed et al., “A rapid monitoring
of NDVI across the wheat growth cycle for grain yield predic-
tion using a multi-spectral UAV platform,” Plant Science,
vol. 282, pp. 95–103, 2019.

[25] H. Huang, J. Deng, Y. Lan, A. Yang, X. Deng, and L. Zhang, “A
fully convolutional network for weed mapping of unmanned
aerial vehicle (UAV) imagery,” PLoS One, vol. 13, no. 4, article
e0196302, 2018.

[26] F. Vanegas, D. Bratanov, K. Powell, J. Weiss, and F. Gonzalez,
“A novel methodology for improving plant pest surveillance in
vineyards and crops using UAV-based hyperspectral and spa-
tial data,” Sensors, vol. 18, no. 1, p. 260, 2018.

8 Wireless Communications and Mobile Computing

https://www.un.org/development/desa/en/news/population/world-population-prospects-2019.html
https://www.un.org/development/desa/en/news/population/world-population-prospects-2019.html
https://www.un.org/development/desa/en/news/population/world-population-prospects-2019.html
https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html
https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html
https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html
https://population.un.org/wup/Publications/Files/WUP2018-KeyFacts.pdf
https://population.un.org/wup/Publications/Files/WUP2018-KeyFacts.pdf
https://www.theguardian.com/environment/2015/dec/02/arable-land-soil-food-security-shortage
https://www.theguardian.com/environment/2015/dec/02/arable-land-soil-food-security-shortage
https://www.theguardian.com/environment/2015/dec/02/arable-land-soil-food-security-shortage
http://finance.gov.pk/survey_1819.html
http://finance.gov.pk/survey_1819.html
https://www.thenews.com.pk/tns/detail/576184-how-smart-can-agriculture-be
https://www.thenews.com.pk/tns/detail/576184-how-smart-can-agriculture-be
http://www.ijabbr.com/
https://air.unimi.it/handle/2434/451326


[27] K. Ivushkin, H. Bartholomeus, A. K. Bregt et al., “UAV based
soil salinity assessment of cropland,” Geoderma, vol. 338,
pp. 502–512, 2019.

[28] S. Park, D. Ryu, S. Fuentes, H. Chung, E. Hernández-Montes,
and M. O’Connell, “Adaptive estimation of crop water stress
in nectarine and peach orchards using high-resolution imag-
ery from an unmanned aerial vehicle (UAV),” Remote Sensing,
vol. 9, no. 8, p. 828, 2017.

[29] S. Diwate, V. Nitnaware, and K. Argulwar, “Design and devel-
opment of application specific drone machine for seed sow-
ing,” International Research Journal of Engineering and
Technology, vol. 5, no. 5, pp. 4003–4007, 2018.

[30] F. Castaldi, F. Pelosi, S. Pascucci, and R. Casa, “Assessing the
potential of images from unmanned aerial vehicles (UAV) to
support herbicide patch spraying in maize,” Precision Agricul-
ture, vol. 18, no. 1, pp. 76–94, 2017.

[31] B. S. Faiçal, H. Freitas, P. H. Gomes et al., “An adaptive
approach for UAV-based pesticide spraying in dynamic envi-
ronments,” Computers and Electronics in Agriculture,
vol. 138, pp. 210–223, 2017.

[32] M. N. Muhammad, A. Wayayok, A. R. Mohamed Shariff, A. F.
Abdullah, and E. M. Husin, “Droplet deposition density of
organic liquid fertilizer at low altitude UAV aerial spraying
in rice cultivation,” Computers and Electronics in Agriculture,
vol. 167, article 105045, 2019.

[33] J. Senthilnath, M. Kandukuri, A. Dokania, and K. N. Ramesh,
“Application of UAV imaging platform for vegetation analysis
based on spectral-spatial methods,” Computers and Electronics
in Agriculture, vol. 140, pp. 8–24, 2017.

[34] J. Navia, I. Mondragon, D. Patino, and J. Colorado, “Multi-
spectral mapping in agriculture: terrain mosaic using an
autonomous quadcopter UAV,” in 2016 International Confer-
ence on Unmanned Aircraft Systems, ICUAS 2016, pp. 1351–
1358, Arlington, VA, USA, 2016.

[35] B. Y. Suprapto, M. A. Heryanto, H. Suprijono, J. Muliadi, and
B. Kusumoputro, “Design and development of heavy-lift
hexcopter for heavy payload,” in 2017 International Seminar
on Application for Technology of Information and Commu-
nication (iSemantic), pp. 242–246, Semarang Indonesia,
2017.

[36] B. Dai, Y. He, F. Gu, L. Yang, J. Han, and W. Xu, “A vision-
based autonomous aerial spray system for precision agricul-
ture,” in 2017 IEEE International Conference on Robotics and
Biomimetics, ROBIO, pp. 1–7, Macau, Macao, 2017.

[37] “Fixed-wing drone, UAV for long-range commercial applica-
tions|Applied Aeronautics,” April 2020, https://www
.unmannedsystemstechnology.com/company/applied-
aeronautics/.

[38] M. N. Boukoberine, Z. Zhou, and M. Benbouzid, “A critical
review on unmanned aerial vehicles power supply and energy
management: solutions, strategies, and prospects,” Applied
Energy, vol. 255, article 113823, 2019.

[39] G. Sierra, M. Orchard, K. Goebel, and C. Kulkarni, “Battery
health management for small-size rotary-wing electric
unmanned aerial vehicles: an efficient approach for con-
strained computing platforms,” Reliability Engineering and
System Safety, vol. 182, pp. 166–178, 2019.

[40] X. Feng, F. Yan, and X. Liu, “Study of wireless communication
technologies on Internet of things for precision agriculture,”
Wireless Personal Communications, vol. 108, no. 3, pp. 1785–
1802, 2019.

[41] S. Verma, A. Bhatia, A. Chug, and A. P. Singh, “Recent
advancements in multimedia big data computing for IoT
applications in precision agriculture: opportunities, issues,
and challenges,” in Multimedia Big Data Computing for IoT
Applications, pp. 391–416, Springer, Singapore, 2020.

[42] “The Path to 5G with LTE-M and NB-IoT|Sierra Wireless,”
May 2020, https://www.sierrawireless.com/iot-blog/iot-blog/
2018/05/lte-m-nb-iot-5g-networks/.

[43] B. Vejlgaard, M. Lauridsen, H. Nguyen, I. Z. Kovács,
P. Mogensen, and M. Sorensen, “Coverage and capacity anal-
ysis of sigfox, lora, gprs, and nb-iot,” in 2017 IEEE 85th vehic-
ular technology conference (VTC Spring), pp. 1–5, Sydney,
NSW, Australia, 2017.

[44] F. Adelantado, X. Vilajosana, P. Tuset-Peiro, B. Martinez,
J. Melia-Segui, and T. Watteyne, “Understanding the limits
of LoRaWAN,” IEEE Communications Magazine, vol. 55,
no. 9, pp. 34–40, 2017.

[45] A. Hoglund, X. Lin, O. Liberg et al., “Overview of 3GPP release
14 enhanced NB-IoT,” IEEE Network, vol. 31, no. 6, pp. 16–22,
2017.

[46] F. Ghavimi and H.-H. Chen, “M2M communications in 3GPP
LTE/LTE-A networks: architectures, service requirements,
challenges, and applications,” IEEE Communications Surveys
& Tutorials, vol. 17, no. 2, pp. 525–549, 2014.

[47] S. R. Pokhrel and C. Williamson, “Modeling compound TCP
over WiFi for IoT,” IEEE/ACM Transactions on Networking,
vol. 26, no. 2, pp. 864–878, 2018.

[48] N. Baker, “ZigBee and Bluetooth: strengths and weaknesses for
industrial applications,” Computing & Control Engineering
Journal, vol. 16, no. 2, pp. 20–25, 2005.

[49] J. A. Manrique, J. S. Rueda-Rueda, and J. M. T. Portocarrero,
“Contrasting Internet of things and wireless sensor network
from a conceptual overview,” in 2016 IEEE international con-
ference on Internet of Things (iThings) and IEEE green comput-
ing and communications (GreenCom) and IEEE cyber, physical
and social computing (CPSCom) and IEEE smart data (Smart-
Data), pp. 252–257, Chengdu, China, 2017.

[50] H. S. Mahmood, M. Ahmad, T. Ahmad, M. A. Saeed, and
M. Iqbal, “Potentials and prospects of precision agriculture
in Pakistan-a review,” Pakistan Journal of Agricultural
Research, vol. 26, no. 2, pp. 151–167, 2013.

[51] “The Netherlands is a leader in sustainable agriculture|World
Economic Forum,” May 2020, https://www.weforum.org/
agenda/2019/11/netherlands-dutch-farming-agriculture-
sustainable.

[52] “Restorative farm produces food, fresh water, and clean energy
in the desert - Science,” May 2020, https://pk.mashable.com/
science/1003/restorative-farm-produces-food-fresh-water-
and-clean-energy-in-the-desert.

[53] “How to grow four tons of food a year in a metal box without
sunlight|MIT Technology Review,” May 2020, https://www
.technologyreview.com/2018/03/08/3213/how-to-grow-four-
tons-of-food-a-year-in-a-metal-box-without-sunlight/
#Echobox=1582745134.

[54] “Paris is opening the world’s largest urban rooftop farm|World
Economic Forum,” May 2020, https://www.weforum.org/
agenda/2019/08/vertical-urban-farm-city-paris.

[55] “Inside London’s first underground farm|The Independent,”
May 2020, https://www.independent.co.uk/Business/
indyventure/growing-underground-london-farm-food-waste-
first-food-miles-a7562151.html.

9Wireless Communications and Mobile Computing

https://www.unmannedsystemstechnology.com/company/applied-aeronautics/
https://www.unmannedsystemstechnology.com/company/applied-aeronautics/
https://www.unmannedsystemstechnology.com/company/applied-aeronautics/
https://www.sierrawireless.com/iot-blog/iot-blog/2018/05/lte-m-nb-iot-5g-networks/
https://www.sierrawireless.com/iot-blog/iot-blog/2018/05/lte-m-nb-iot-5g-networks/
https://www.weforum.org/agenda/2019/11/netherlands-dutch-farming-agriculture-sustainable
https://www.weforum.org/agenda/2019/11/netherlands-dutch-farming-agriculture-sustainable
https://www.weforum.org/agenda/2019/11/netherlands-dutch-farming-agriculture-sustainable
https://pk.mashable.com/science/1003/restorative-farm-produces-food-fresh-water-and-clean-energy-in-the-desert
https://pk.mashable.com/science/1003/restorative-farm-produces-food-fresh-water-and-clean-energy-in-the-desert
https://pk.mashable.com/science/1003/restorative-farm-produces-food-fresh-water-and-clean-energy-in-the-desert
https://www.technologyreview.com/2018/03/08/3213/how-to-grow-four-tons-of-food-a-year-in-a-metal-box-without-sunlight/#Echobox=1582745134
https://www.technologyreview.com/2018/03/08/3213/how-to-grow-four-tons-of-food-a-year-in-a-metal-box-without-sunlight/#Echobox=1582745134
https://www.technologyreview.com/2018/03/08/3213/how-to-grow-four-tons-of-food-a-year-in-a-metal-box-without-sunlight/#Echobox=1582745134
https://www.technologyreview.com/2018/03/08/3213/how-to-grow-four-tons-of-food-a-year-in-a-metal-box-without-sunlight/#Echobox=1582745134
https://www.weforum.org/agenda/2019/08/vertical-urban-farm-city-paris
https://www.weforum.org/agenda/2019/08/vertical-urban-farm-city-paris
https://www.independent.co.uk/Business/indyventure/growing-underground-london-farm-food-waste-first-food-miles-a7562151.html
https://www.independent.co.uk/Business/indyventure/growing-underground-london-farm-food-waste-first-food-miles-a7562151.html
https://www.independent.co.uk/Business/indyventure/growing-underground-london-farm-food-waste-first-food-miles-a7562151.html


[56] J. Torres-Sánchez, J. M. Peña, A. I. de Castro, and F. López-
Granados, “Multi-temporal mapping of the vegetation fraction
in early-season wheat fields using images from UAV,” Com-
puters and Electronics in Agriculture, vol. 103, pp. 104–113,
2014.

[57] O. A. Denton, V. O. Aduramigba-Modupe, A. O. Ojo et al.,
“Assessment of spatial variability and mapping of soil proper-
ties for sustainable agricultural production using geographic
information system techniques (GIS),” Cogent Food & Agricul-
ture, vol. 3, no. 1, 2017.

[58] “Making every drop count: Pakistan’s growing water scarcity
challenge|IISD,” May 2020, https://www.iisd.org/library/
making-every-drop-count-pakistan-s-growing-water-
scarcity-challenge.

[59] B. Keswani, A. G. Mohapatra, A. Mohanty et al., “Adapting
weather conditions based IoT enabled smart irrigation tech-
nique in precision agriculture mechanisms,” Neural Comput-
ing and Applications, vol. 31, no. S1, pp. 277–292, 2019.

[60] “Tasmanian farmers use drones to make irrigation more effi-
cient - ABC News,” May 2020, https://www.abc.net.au/news/
2017-07-27/drone-technology-on-farms/8746272.

[61] “Yield losses due to pests,” May 2020, https://blog.agrivi.com/
post/yield-losses-due-to-pests.

[62] H. Obasekore, M. Fanni, and S. M. Ahmed, “Insect killing
robot for agricultural purposes,” IEEE/ASME International
Conference on Advanced Intelligent Mechatronics, AIM,
vol. 2019, pp. 1068–1074, 2019.

[63] A. Khattab, S. E. D. Habib, H. Ismail, S. Zayan, Y. Fahmy, and
M. M. Khairy, “An IoT-based cognitive monitoring system for
early plant disease forecast,” Computers and Electronics in
Agriculture, vol. 166, article 105028, 2019.

[64] D. Sinwar, V. S. Dhaka, M. K. Sharma, and G. Rani, AI-based
yield prediction and smart irrigation, Springer, Singapore,
2020.

[65] S. Athani, C. H. Tejeshwar, M. M. Patil, P. Patil, and
R. Kulkarni, “Soil moisture monitoring using IoT enabled
Arduino sensors with neural networks for improving soil man-
agement for farmers and predict seasonal rainfall for planning
future harvest in North Karnataka-India,” Proceedings of the
International Conference on IoT in Social, Mobile, Analytics
and Cloud, I-SMAC, vol. 2017, pp. 43–48, 2017.

[66] E. Suganya, S. Sountharrajan, S. K. Shandilya, andM. Karthiga,
“IoT in agriculture investigation on plant diseases and
nutrient level using image analysis techniques,” in Internet
of Things in Biomedical Engineering, pp. 117–130, Academic
Press, 2019.

[67] M. Lu, M. Bagheri, A. P. James, and T. Phung, “Wireless charg-
ing techniques for UAVs: a review, reconceptualization, and
extension,” IEEE Access, vol. 6, pp. 29865–29884, 2018.

[68] S. Aldhaher, P. D. Mitcheson, J. M. Arteaga, G. Kkelis, and
D. C. Yates, “Light-weight wireless power transfer for mid-
air charging of drones,” in 2017 11th European Conference
on Antennas and Propagation (EUCAP), pp. 336–340, Paris,
France, 2017.

[69] T. M. Mostafa, A. Muharam, and R. Hattori, “Wireless battery
charging system for drones via capacitive power transfer,” in
2017 IEEE PELSWorkshop on Emerging Technologies: Wireless
Power Transfer (WoW), pp. 1–6, Chongqing, China, 2017.

[70] A. M. Jawad, H. M. Jawad, R. Nordin, S. K. Gharghan, N. F.
Abdullah, and M. J. Abu-Alshaeer, “Wireless power transfer
with magnetic resonator coupling and sleep/active strategy

for a drone charging station in smart agriculture,” Access,
vol. 7, pp. 139839–139851, 2019.

[71] H. M. Jawad, A. M. Jawad, R. Nordin et al., “Accurate empiri-
cal path-loss model based on particle swarm optimization for
wireless sensor networks in smart agriculture,” IEEE Sensors
Journal, vol. 20, no. 1, pp. 552–561, 2020.

[72] D. W. Sambo, A. Forster, B. O. Yenke, I. Sarr, B. Gueye, and
P. Dayang, “Wireless underground sensor networks path loss
model for precision agriculture (WUSN-PLM),” IEEE Sensors
Journal, vol. 20, no. 10, pp. 5298–5313, 2020.

10 Wireless Communications and Mobile Computing

https://www.iisd.org/library/making-every-drop-count-pakistan-s-growing-water-scarcity-challenge
https://www.iisd.org/library/making-every-drop-count-pakistan-s-growing-water-scarcity-challenge
https://www.iisd.org/library/making-every-drop-count-pakistan-s-growing-water-scarcity-challenge
https://www.abc.net.au/news/2017-07-27/drone-technology-on-farms/8746272
https://www.abc.net.au/news/2017-07-27/drone-technology-on-farms/8746272
https://blog.agrivi.com/post/yield-losses-due-to-pests
https://blog.agrivi.com/post/yield-losses-due-to-pests

	Smart Agriculture for Sustainable Food Security Using Internet of Things (IoT)
	1. Introduction
	2. IoT Ecosystem’s Equipment and Technology
	2.1. IOT Sensor Components/Technology
	2.2. Unmanned Aerial Vehicles (UAVs)
	2.3. Communication Technologies

	3. Smart Agriculture Methods and Techniques
	3.1. Precision Agriculture
	3.2. Greenhouse Farm
	3.3. Urban Farming

	4. Applications of IoT in Agriculture
	4.1. Geospatial and Temporal Mapping and Sampling
	4.2. Smart Irrigation
	4.3. Pest and Weed Management System
	4.4. Yield Assessment
	4.5. Precision Fertilization

	5. Challenges and Solutions of Using IoT Devices in Smart Agriculture
	6. Conclusion
	Data Availability
	Conflicts of Interest

