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Abstract - Today, one of the main branches that has 
attracted everyone's attention is the IOT. The IOT has 
different definitions, applications, and contexts. In this 
article, we have tried to provide information about the IOT 
in general and then to introduce the different parts of the 
IOT in agriculture in a more specific way, so that after 
reading this article, you can get an overview of the subject. 
The purpose of writing this article is to write an article that 
will make everyone familiar with the IOT and the IOT in 
agriculture. 
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1.IOT  

Although many definitions of IOT have been developed by 
researchers, there is currently no standard definition for 
IOT (1,2). The essence of IOT is that everything around us 
can connect to the Internet and exchange data anywhere, 
anytime (3,4). The Internet of Things (IOT) was first 
introduced in 1999 by Kevin Ashton. He described a world 
in which everything has a digital identity (5,6). According to 
the Oxford Dictionary, IOT is the interaction of computing 
devices on a daily basis over the Internet that enables the 
sending and receiving of useful data (7,8). This structure 
indicates that the technology consists of two main parts, 
The first part contains the word things, which refers to the 
hardware and the physical part where all the sensors and 
labels are located. The second part, which the term 
Internet refers to, is related to the communication and 
interaction of sensors and databases. If we want to 
describe the Internet of Things briefly and in one sentence, 
we can say that the Internet of Things means connecting 
different devices to each other through the Internet to do 
things and exchange information. (9)  

Each component in the IOT has a unique IP address. The 
Internet of Things can also be defined as a network of 
information, which enables objects to communicate 
between objects with objects, humans with objects, and 
humans with humans using agreed communication 
devices and protocols (10). The Internet of Things itself is 
not a separate branch of technology, but a combination of 
several different technologies that humans use to improve 
their standard of living. The vast changes that have taken 
place in the technology and intelligence industry due to 

the Internet of Things have led to it being referred to as 
the Third Industrial Revolution (11). 

 

Fig -1: IOT classification 
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2. IOUT  

The part of the Internet of Things that is created due to the 
need for information on the spot and in real time is called 
the Internet of underground Things(IOUT). The IOUT 
represents devices that collect all the information about 
the earth. It is expected that the use of this branch of the 
Internet of Things will not only provide on-site monitoring 
capability, but also by connecting sensors to agricultural 
machinery, a system completely independent of external 
factors can be created to manage the target area. In this 
type of IOT, because all the components are underground, 
the connection between the components takes place in the 
soil, and if needed, the data can be sent to the cloud for 
further processing (12). In IoT, factors such as on-site 
measurements, wireless communication in challenging 
areas, connection of field devices, sensors, radios and 
clouds, real-time decision making, mobility, underground 
objects (13,14), cloud data storage services Constantly 
collected, real-time processing of farm conditions, crop 
decision making, integration with other databases, base 
stations as gateways for transferring collected data to the 
cloud (15), and the like Are raised. When using and 
implementing IoT, the factors raised during the run must 
be considered. 
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3. Internet of Things in Agriculture and 
Greenhouses 

Given the increase in population in the coming years and 
the stability of environmental facilities and even their 
declining, if the human way of life continues in this way, it 
will undoubtedly be difficult to provide food. Humans have 
historically used technology to improve their living 
conditions. IoT-based smart farming helps farmers reduce 
waste and increase productivity (16). As mentioned, one 
of the reasons for using IoT in agriculture is to meet the 
needs created by population growth. The limited number 
of usable agricultural lands has added to the importance of 
greenhouse cultivation. With the transfer of agricultural 
products from the open air and agricultural lands to 
greenhouses that are controlled environments, the 
amount of crop production increases dramatically so that 
it is possible to increase up to about 12 times per hectare. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In addition to increasing crops, water consumption and 
soil resources are saved. Among the advantages of smart 
greenhouses can be the possibility of cultivation in some 
uncultivable areas, continuous production of crops 
throughout the year without affecting the existing 
restrictions, increasing yields, reducing disturbance and 
damage to cultivation by animals, improving the quality 
and quantity of crops and increasing The profit of farmers 
pointed out. In smart greenhouses, all stages of irrigation, 
fertilization, spraying, pH adjustment, salinity, control of 
climatic parameters such as soil moisture, relative 
humidity, temperature, light intensity, carbon dioxide and 
carbon monoxide are done automatically. 

Fig -2: Advantages and disadvantages of IoT 
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IoT-based smart farming has many advantages and 
challenges. Among these advantages and challenges are 
the following (17): 

3.1 Advantages  

3.1.1 Collection of data from cultivated fields by 
various sensors 

In this method, the necessary information for checking the 
condition of the land and crops is easily collected and 
provided to the farmer and the researcher in a completely 
automatic and systematic way. As a result, information is 
always fresh and ready to process, helping us to know the 
general condition of the land, how the staff works, the 
efficiency of the agricultural equipment, and       so on. 

3.1.2 Better process control and production risk 
reduction 

Through IoT, by collecting data automatically and 
processing them, some of the existing and required 
processes can be planned in such a way that they are fully 
controlled and monitored. In addition, predicting the 
production situation and estimating the production 
volume The product is very useful. By knowing the exact 
information of the products and their volume, we will no 
longer face the risk of not selling the products. 

3.1.3 Reduce water consumption 

Using the Internet of Things, various processes can be 
automated. One of these processes is irrigation. When 
irrigated intelligently, only the specified and measured 
amount of water needed by the plant reaches the plant 
without wasting. 

3.1.4 Cost management and waste Reduction 

Using the Internet of Things and intelligent automations, 
fuel and energy costs and labor are fully controlled and 
managed; As a result, additional costs are removed from 

the system and costs are managed in this way. Large losses 
can be avoided by timely monitoring of anomalies in 
production at any stage or product health. 

3.1.5 Remote management and monitoring 

One of the most common systems implemented by the 
Internet of Things is remote monitoring systems. In this 
way, you will be able to monitor all existing and running 
processes completely without the need for physical 
presence and receive information about the environment. 

3.1.6 Use of artificial intelligence to process and 
analyze information 

Data collection from the environment in some cases alone 
can not be fully and sufficiently efficient, therefore, to 
make the best use of the collected data, this data is 
analyzed and processed using artificial intelligence. In this 
way, the system delivers the required information and 
warnings to the farmer or the system makes automatic 
decisions. 

3.1.7 Increase productivity by designing and 
implementing various automations 

One of the ways that has become common with the 
advancement of technology to increase productivity is the 
design and use of automations. By eliminating unreliable 
workforce, automations can perform tasks such as 
irrigation, fertilizing and spraying with more accurately, 
resulting in the desired result and productivity. 

3.1.8-Creating different solutions to agricultural 
problems  

Farmers always face problems in their cultivated area. 
When data is collected immediately through various 
sensors and by processing and analyzing information, 
problems can be fully and quickly identified, and also 
using artificial intelligence, the solution to these problems 
can be created as soon as possible. 

3.1.9 Increasing the volume and quality of products  

         One of the results that will seek to control the 
situation instantly and do things accurately and without 
error and create ideal conditions through automation and 
intelligent systems, is to increase the volume and quality 
of products. 

3.2 Disadvantages  

3.2.1 Over-reliance on technology  

         If you rely too much on technology and have complete 
confidence in the correct operation of the system, you may 
suffer heavy damages due to errors and unexpected 
problems. 

3.2.2Job loss  

         Using the Internet of Things and smartening, the 
activities of existing jobs in agriculture for manpower are 
eliminated and replaced by intelligent systems. Following 
the loss of jobs for manpower working in agriculture and 
greenhouses, new job opportunities will be created for 
designers and implementers of intelligent systems. 
Implementable plans and activities that can be 
implemented in the field of IoT in agriculture can be 
divided into two categories, which have different parts, 
which we will describe in the following. In general, it can 
be said that these two categories are divided in terms of 
their impact on agricultural products and the 
environment. 
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Fig -3: Designs that can be implemented in the Internet of Things 

 

 

 

 

 

 

3.3 Intelligent management of factors affecting 
progress in agriculture 

 3.3.1 Smart Irrigation (18)  

         In this type of system, irrigation can be done using a 
timer at a time set by the farmer, creating intelligent 
automation or harvesting soil moisture or water 
infiltration into the soil. Other feasible projects in this field 
include remote irrigation by the user (farmer) at any time 
(19). 

3.3.2 Intelligent soil quality control 

When the land is under cultivation, the soil may lose its 
fertility due to the plants' use of soil nutrients (20) When 
this happens, the amount of products produced will be 
reduced or will not be of sufficient quality. To prevent this 
from happening, various soil factors such as soil pH, 
salinity, moisture, nutrients and fertilizer requirements 
must be monitored. Some of these factors can be directly 
understood and others can be identified after processing

© 2022, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 900  



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

               Volume: 09 Issue: 08 | Aug 2022                 www.irjet.net                                                                       p-ISSN: 2395-0072 

 

3.3.3 Intelligent seed management  

One way to save money is through seed management. To 
do this, intelligent robots are designed based on 
microcontrollers and mobile cameras that, in addition to 
the ability to plant, plow, fertilize and harvest, also send 
data related to these operations on the farmer's cellphone 
(23). 

3.3.4 Smart fertilization 

Smart fertilization is applicable when a system has the 
ability to estimate the amount of fertilizer application in 
the right amount, the right choice of fertilizer type and 
time of fertilizer application. Together, these factors lead 
to significant improvements in both harvest volume and 
quality. Implementations of such systems have been 
achieved under the name of IoT-based fertilizer 
management applications. For example, among these 
applications, we can mention the application for 
calculating the amount of fertilizer and fertilizer 
composition. 

3.3.5 Intelligent control of agricultural crop growth  

         Intelligent crop growth control systems have the 
ability to control different stages of crop growth through 
various sensors. This will increase the profitability of 
farmers. The way these systems work is that the sensors 
collect data from the environment and send it to the main 
part (database or cloud). The submitted data is then 
analyzed, processed and processed, and the results are 
displayed to the farmer through the application, and the 
farmer is notified if there is a need to make corrections. A 
similar design has been implemented in China, which 
shows that farmers have benefited from higher quality 
crops by spending less and doing less (24). UAVs help 
farmers by photographing agricultural environments in 
near visible and infrared light and reflecting light in 
multispectral images to better manage crop production, 
identify pests and assess the health of agricultural 
products (25). 

3.3.6 Intelligent weather management  

3.3.7 Intelligent management of agricultural 
equipment and machinery  

         One of the factors that has made intelligent 
agriculture possible is equipping agricultural equipment 
and machinery with sensors and telecommunication 
settings that control and track the position and status of 
agricultural equipment. This system has the ability to 
control agricultural equipment in any situation (27). 
Activities that can be done with this equipment include: 
plowing and soil preparation, intelligent planting of crops, 
planting management, intelligent maintenance and 
harvesting (28). 

3.3.8 Efficiency monitoring  

         Yield monitoring is used in long-term decisions about 
agricultural operations through the distribution of a place 
that provides crop yield at the end of the growing season 
(29,30). Performance monitoring systems are usually 
installed on farm equipment and automatically collect 
performance data at harvest. The collected data are 
analyzed using GIS tools and international environmental 
system research tools. 

3.3.9 Electrical conductivity and topographic survey  

         The ability of soil to conduct current is measured by 
the electrical conductivity of the soil (EC) (31). Along with 
field topography (altitude and slope), EC data provide 
insight into product performance. (Through contact and 
non-contact methods) EC is used to determine nitrogen 
consumption, water holding capacity and cation exchange, 

 the information collected from the environment (21). UAVs
 can also be used in intelligent soil quality control. By
 preparing accurate three-dimensional maps and rapid soil
 analysis, drones provide the information needed to design
 crops and irrigation management patterns and the amount
 of nutrients (especially Nitrogen) (22). 

         Intelligent climate management systems are used to 
control climatic conditions on agricultural land. In this 
way, by controlling the weather conditions, they can lead 
to the maximum growth of agricultural products. In these 
systems, various data such as temperature, relative

drainage and root depth. EC maps are used to classify the 
field into different regions.  

Then, precise farming methods such as variable rate 
irrigation, variable rate seeding, nitrogen, yield and 
drainage management are performed based on zoning. EC 
mapping is performed using apparent electrical 
conductivity (ECA) (32) , near-visible infrared reflection 
spectroscopy (VNIR) (33), and electromagnetic induction 
(EMI) (34). There are a number of commercial sensors with 
GPS available for mapping that are used. 

3.3.10 Measurement of soil macronutrients 

         Macronutrients such as nitrogen, potassium and 
phosphorus are vital for crop growth. Evaluation of these 
nutrients helps determine the effect of fertilizer and future 
applications. Optical spectroscopy based on reflectance 
spectroscopy is used to measure these micromolecules 
through reflection and absorption (37,36,35). A method has 
been developed to detect the concentration of nitrate and humidity, light intensity, wind speed and amount of

 carbon dioxide can be captured and sent to the processing
 center for processing and receive graphical output (26) . 
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3.3.11 Intelligent sales and market management of 
agricultural products  

         By using the Internet of Things in agriculture, 
information about the production of agricultural products 
is recorded to a specific standard. Different companies and 
technologies can use this data to provide better sales 
services to customers. One of these services is such that 
the farmer has information about the products sold, 
factories have information about the products purchased 
and consumers have all the information about the 
products and each of them makes appropriate decisions 
with full knowledge. Also, the information obtained 
through the Internet of Things can be sent centrally to 
cooperatives, this information can include information 
such as production efficiency, water consumption, 
working hours and .... Using the Internet of Things in 
agriculture can be used to anticipate the needs of 
consumers and effectively increase sales opportunities (38). 
The use of applications related to the market for the sale of 
agricultural products is another way of intelligent 
management of agricultural products. To carry out each of 
these plans and activities, a number of environmental 
factors must be identified and analyzed. In the following, 
we will express the factors that can be gained from the 
environment. 

3.4 Harmful factor management  

3.4.1 Intelligent control of weeds and plant pests and 
diseases 

One of the ways to deal with plant pests and diseases is to 
use pesticides. Using this method, in addition to being 
useful in combating plant pests and diseases, may cause 
soil contamination and damage to the environment. To 
deal with the adverse consequences of this process, 
intelligent pesticide management systems have been 
designed and implemented. . Smart sprayers are devices 
used in this activity. These sprayers have the ability to 
detect the target (39). To perform accurate spraying 
operations, various sensors and techniques are used, 
including machine vision, spectral analysis, remote 
sensing and thermography (40). 

3.4.2 Identify population fluctuations of harmful 
factors  

IoT-based systems have been developed to combat plant 
pests and diseases in the early stages of emergence and 
even their low population to use the least possible toxins 
and pesticides to combat plant diseases and pests. One 
way to deal with pests is to measure the cumulative 
temperature of trees and plants because when the pests 
attack the cultivated environment, the ambient 
temperature rises (41).  

Another method used is the use of smart traps;  

These traps warn farmers when pests are attacking, and 
can even track the time and place and patterns of pest 
activity. 

Another method of pest control is weed control, which has 
three steps and uses herbicides. The first step is to prepare 
images of the environment, the second step is to process 
the images and separate the weeds, the third step is to 
spray the herbicide directly on the grass. At this stage, the 
imaging operation is performed through the Rasbari 
camera and the Rasbari itself performs the pest detection 
operation (42). In addition to the mentioned method, there 
are also applications for detecting pests and weeds. 

Depending on the type of project implemented and the 
actions to be performed in agriculture, different factors 
can be harvested from the environment. These factors 
include soil moisture, soil water infiltration, soil salinity, 
air humidity, soil nutrients, soil pH, ambient temperature, 
temperature measurement to detect environmental 
factors (climate detection systems), imaging He mentioned 
location for image processing and intelligent decision 
making, frequency measurements for spectral analysis (for 
target detection in the spraying system), thermography (a 
science of infrared imaging), and ambient climate (for pest 

 sulfate in natural water sources using planar 
electromagnetic sensors. This method is used to measure 
the level of nitrate and sulfate by relating the impedance 
of the sensor array to the concentration of these 
contaminants. It has been shown that the impedance of the 
sensor decreases with increasing concentration of these 
chemicals. Electrochemical spectroscopy, VIS-NIRS and 
ATR spectroscopy are the main methods for measuring 
macro-soil nutrients. 

detection). There are different methods and sensors for 
measuring each of these factors. 

In general, the general trend of IoT in agriculture can be 
shown as follows: 
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Fig -4: The general trend of the Internet of Things in agriculture 

 

 

 

 

 

 

3.4 Architecture  

         The basic design of systems that are designed and 
implemented based on the Internet of Things is based on a 
specific architecture. The various IoT architectural models 
include the following listed in the table, but in general, IoT 
architectural models can be divided into three layers (43), 
four layers, five layers (44) and seven layers. The models 
listed below sometimes have some layers in common, but 
they also have differences depending on the type of

 application and the year of use and release. These 
different architectural models are often shared in the 
sensor, network, and application layers. There is no fixed 
and consensus theory about the main IoT architecture 
(45), but by referring to the table below, you can get 
acquainted with the different models of architectures used 
in the IoT. 
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Table -1: IoT architectures 
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As you can see in the table, different IoT models have 
different number of layers. Most of these models have 
three, four, five or seven layers. IoT architectural models 
widely used in agriculture are usually used and 
implemented with specific layers. In the following, we will 
give general examples of these models and their layers. 

 

    Fig -5: Three-layer architecture 
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network and application. In the sensor layer, there is 
integrated hardware through which the required 
information is collected from the environment. The type of 
hardware used also varies depending on the context in 
which the Internet of Things is implemented. The main 
task of the network layer is to transmit the information 
obtained in the sensor layer. Key technologies at this layer 
includes wireless and wired telecommunications 
protocols, network integration technology, and cloud 
computing technology for smart data. This layer also has 
unique addressing and routing capabilities for seamless 
integration of countless devices into a common network 
(61). The application layer is actually located between the 
Internet of Things and the user to process big data and 
provide effective information using data mining 
technologies, cloud computing and other intelligent 
computing technologies. This layer is a combination of IoT 
and professional software to provide a smart software. 
The software covers a wide range of industries, including 
agriculture, water, cities, traffic, and smart homes. 

 

 

 

 

 

 

 

 

 

 

 

  

3.4.1 Three-layer architecture (60)  

         This architecture consists of three layers: sensor, 

architecture, has sensor, network, and application layers. 
In addition to these three layers, this architecture also has 
another layer, the addition of which to the three-layer 
architecture layers is more supportive. This layer is 
located between the application layer and the network, 
known as the service management layer. The technologies 
used in this new layer include cloud computing, smart 
computing and fog computing (63, 64, 65). 

 

 

 

 

 

Fig -6: Four-layer architecture 

3.4.2 Four-layer architecture (62)  

         The four-layer architecture, like the three-layer 

presented alongside the four-layer architecture for greater 
responsiveness and comprehensiveness. In this 
architectural model, in addition to the previous four 
layers, the business layer has also been added. The service 
and business management layer has been designed and 
added to provide better and more complete services to the 
user along with the application layer. The business layer 
represents the business model and the data received from 
the application layer (61). 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Fig -7: 5-layer architect 

3.4.3 Five-layer architecture (66)  

         The five-layer architecture was designed and 

Fig -8: 7-layer architecture 
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3.5 Ways of communication  

         As noted in various IoT architecture models, in IoT 
routines, data must first be collected from the 
environment and then transmitted for processing or 
decision making. To transfer data, we must choose one of 
the different communication channels depending on the 
type of system implemented and the area covered by the 
system. The use of wired data transmission methods is 
very rare due to its cost and various challenges. For this 
reason, most of the communication channels used are 
wireless communication channels. The table below 
outlines some of the most common of these ways. 

 

 

Table -2: Communication channels 

3.4.4 Seven-layer architecture  

         This architecture includes application layer, 
application support and management layer, service layer, 

 or places that should be examined through the system.
 This set of objects includes various categories, among
 which we can mention moving objects such as cars,
 humans, and environmental factors such as temperature
 and humidity (67).  

communication layer, network layer, hardware layer and 
environment layer. Most of the layers of this architecture 
are the same as the other architectures mentioned. In the 
program support and management layer, all actions 
related to program control, security and management are 
performed. Other services offered at this layer include Qos 
management, device management, business process 
modeling, business process execution, licensing, key 
exchange and management, trust and credibility, and 
identity management. Service layer Duty to perform 
activities such as storage and orchestration of services, 
combination of services and organization, virtual entity 
resolution, IoT service, VE service, IoT service resolution, 
VE and IoT service monitoring, all decisions related to 
monitoring, storage, organization and Visualize the 
information received. The next layer is the  environment

 layer. The environment layer contains identifiable objects
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4. Conclusion  

In this article, we examined the Internet of Things in 
agriculture at a glance. By studying this article, each 
person can fully understand the Internet of Things, 
Internet of underground Things, the Internet of Things in 
agriculture and greenhouses, the advantages and 
disadvantages of using the Internet of Things in 
agriculture, plans that can be implemented in the Internet 
of Things. Learn about the factors affecting progress in 
agriculture and the management of harmful factors, the 
different types of models and architectures that can be 
used in the Internet of Things, and the means of 
communication that can be used in the Internet of Things 
in agriculture. As mentioned, the purpose of writing this 
article is to write an article that by reading it, everyone 
will become familiar with the Internet of Things and the 
Internet of Things in agriculture in general. The next step 
in this direction will be the design and implementation of a 
system for monitoring hydroponic greenhouses and 
controlling various factors in it. 
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