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ABSTRACT

Agriculture plays an important role in the making and development of a country. In India, agriculture is
the primary source of living for more than about 60% of its population. The agriculture-related issues
always hinder the development of a country. The enhancement of traditional agriculture methods and
its modernization towards smart agriculture is the only solution for agriculture problems. Hence, by
considering this issue, a framework is presented for smart agriculture using sensor network and IoT. The
key features of this system are the deployment of smart sensors for the collection of data, cloud-based
analysis, and decision based on monitoring for spraying and weeding. The smart farming approach
provides valuable collection of data, high precision control, and automated monitoring approach.
The proposed system presents smart agriculture monitoring system that collects and monitors the
soil moisture, environmental temperature, and humidity. The measured soil moisture, temperature,
and humidity are stored in ThingSpeak cloud for analysis.
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1. INTRODUCTION

Precision agriculture is a method in which farmers optimize inputs such as water and fertilizer for
the enhancement of productivity, quality and yield (Srbinovska et al., 2015). The term precision
agriculture also encourages for minimizing pests and diseases through specially target application
of precise amount of pesticides. Smart agriculture or precision agriculture is an integrated farm
management framework which constitutes a holistic management approach aiming to optimize the
yield per unit of farming land. Increasing the quantity and quality of agricultural products while
utilizing less inputs such as fertilizers, water, pesticides, energy, etc., results in cost reduction with
positive environmental impact (Mekala and Viswanathan, 2017). Therefore, rather than applying the
same amount of fertilizers over the entire agricultural field or applying fertilizers to specially target
area helps in overall cost reduction. The smart agriculture solution measures the variation in field
conditions and adapts the fertilization or feed strategy accordingly (TongKe, 2013). Farmers as the
principal stakeholders usually make complex decisions without proper information and execute the
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demanding field operations. Therefore, smart agriculture solutions are best designed considering
farmers at the center of the process. The solutions of smart agriculture complements and transforms
the skills and experiences gained naturally through the generations (Chhetri et al., 2017). The smart
solution can complement the farmer’s capabilities in three main processes. The three sub-processes
are presented in Figure 1. The sub-processes are data collection, decision making, and intervention.
The data collection is a part where remote sensing and sensor networks are utilized. In the decision
making part, expert systems and machine learning can be exploited. The third part is an intervention
where intelligent machinery and robotic agents can be utilized for field operations. The complete
typical process cycle includes data collection for measuring such as soil moisture, temperature, PH,
humidity, or multi-spectral images. The data collection process is followed by the data analysis which
produces a description for the pesticides, irrigation, fertilizers, and harvest. The last component of
the process is an automated intervention which executes the description maps on the field area using
variable rate technology machinery. This cycle can monitors the possible areas of concern like soil,
vegetation, or the environment. In addition to this farmer, related sub-processes smart agriculture can
be designed to provide extra benefits. The benefits for external functions such as soil and environment
monitoring, traceability of food, and specific bookkeeping facilitating national planning (Mekala and
Viswanathan, 2017). The recent survey presents the decreasing level of waters and drying up of major
water resources such as rivers and tanks, presents efficient utilization of water resources (Veena et
al., 2018). The technological evolution of WSNs and IoT made it possible to monitor the environment
and agricultural fields for gaining the production (Khanna and Kaur, 2019).

These technologies are in different levels of maturity and adoption across all over the world.
Therefore, more than often technology introduction to different communities needs to be planned
and driven by the relevant authorities. The blind technology or solutions should account for the wide
diversity of agriculture for the following characteristics particularly farm size, farming types, farming
practices, level of yield, and employment (Patil and Kale, 2016). These are the major challenges in
the technology of smart agriculture. The technology and their solutions should be customized and
adapted accordingly. In general, the factors that affect technology adoption in agriculture are yield gap,
farm size, and the learning required for the integration of new technologies with the existing practices
(Elijjah el al., 2018). On the other hand, smart agriculture solutions affect farming economics through
multiple channels. Hence solution design should evaluate farming economics in different levels of
analysis. The smart agriculture solution can reduce operational costs by optimizing the user inputs.

Figure 1. Sub-processes of Smart Agriculture
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Even if the operational cost is increased under precision agriculture, yields can grow enough to increase
the operating benefit. The smart agriculture solutions are built on the several enabling technologies
involving sensor technology, global navigation satellite system (used for positioning), remote
sensing, data storage and analysis, variable rate technology, advisory systems and interconnected
communications, autonomous navigation and intelligent machinery (Lakshmisudha et al., 2016). Some
of these technologies recently presented relatively high investments and adoption rates. The main
idea is the design a system that can collect data in real-time from deployed sensors, analysis of data
based on cloud platform and decision based on monitoring for spraying and weeding. The proposed
system collects and monitors the soil moisture, environmental temperature and humidity. The control
station processes the collected information for the decision making without human intervention.
The measured soil moisture, temperature and humidity are stored in ThingSpeak cloud for analysis.

The remaining manuscript is organized as follows: Section 2 provides the related works on
precision agriculture and smart agriculture based on IoT and cloud systems. Section 3 discusses the
system design and the operational layers of the proposed model. Section 4 presents the experimental
setup and the hardware/software used for the experimentation. The observed results and analysis are
discussed in section 5 followed by the conclusion of the framework in section 6.

2. RELATED WORK

The major rising issues of agriculture such as decreasing water levels (rivers and tanks) and
environmental factors that need to be addressed and requires a solution based on smart agriculture.
(Ligiang et al., 2011) presented a system for monitoring crops utilizing temperature and moisture
sensors. (Ocampo et al., 2017) developed an algorithm based on temperature and soil moisture values
and the sensed information is processed through the gateway for controlling water quantity. Their
proposed system has duplex communication links and power through photovoltaic panels. Their
system utilizes a cellular network interface for data transmission and its calculations for irrigation
scheduling. The advancement in the field of wireless sensor networks has helped the evolution of
many approaches for precision agriculture applications. (Chaudhary et al., 2011) have presented a
system that utilizes WSNs for monitoring and controlling greenhouse parameters. It is observed from
the study of different agriculture fields that outcomes from agriculture are decreasing day by day. The
adoption of new technologies for precision agriculture promises an increase in production rate and
also reduces the extra manpower requirements. There exist many studies contributing to the benefit
of farmers which provides an efficient system based on new technologies for increasing the overall
production rates (Varman et al., 2017). (Keshtgari and Deljoo, 2011) developed a system that uses a
distributed wireless sensor networks system. Their proposed system is designed for providing real-
time monitoring of the agriculture field and controlled irrigation scheme for increasing productivity
utilizing water resources efficiently. The system provides the design in detail including real-time
field sensing and controlled irrigation utilizing the software. The designed system provides a low-
cost efficient solution for irrigation control using WSNs. The system using WSNs for precision
agriculture highly depends on the field parameters such as soil moisture, temperature, and humidity
levels. Sensor nodes were deployed below the soil for the collection of parameters and these sensor
communicates among others using communication protocols and transmits their measured data to the
control station through the sink node. (Zhao et al., 2017) have designed a communication protocol
for quick transmission of the sensor data to the sink node. Their proposed design delivers very few
duty cycles and results increase in the lifetime of the monitoring system. (Bachuwar et al., 2018) have
developed a system that utilizes sensors and UART (universal asynchronous receiver transmitter)
interface. The transmission is carried out through hourly sampling, buffering of data, its transmission,
and at last the validation of status. The experimental results present attenuation in radio frequency
signals because of sensor deployment under the soil and the deployment cost is comparatively high.
(Gayatri et al., 2015) presents a solution for monitoring agricultural fields along with the irrigation
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control utilizing GPS (global positioning system) enable sensors. Their system is capable for providing
timely response but the drawback is deployment cost and the attenuation which caused by deploying
sensors under soil. (Dan et al., 2015) presented a greenhouse monitoring system based on WSNs and
IoT integration with cloud. Their system is capable of logging and storing data in cloud periodically
and present an effective solution for greenhouse monitoring.

(Heble et al., 2018) have presented a cost-effective solution of farming where the water resources
are limited. The designed system considers low-cost sensors and easy circuitry and designed an
automatic water flow control system. The real-time monitoring considers sensing of temperature and
humidity and displaying them on LCD. Their designed system provides the water efficiently to the
needed plants measured according to the present moisture level. (Reche et al., 2014) have proposed
an irrigation scheduler system based on low cost and time-dependent microcontroller. Their designed
system comprises of sensor network for the detection of soil moisture and temperature levels. The
real-time sensed data is processed to the users through SMS using GSM module.

(Nawandar and Satpute, 2019) presented an irrigation system consists of soil moisture sensors and
irrigation controllers. Their system provides a wireless link among the farmer computer and irrigation
controller. The designed system can be adopted where the water quality is poor or limited. They have
implemented a decision support system for the optimization of irrigation control, the use of fertilizers, and
water for the development of crops. (Channe et al., 2015) designed a smart agriculture system based on
cloud computing and the Internet of Things. The cloud platform is utilized for achieving load balancing
and resource’s dynamic distribution. (Rajeswari et al., 2017) presented a system based on the control
network and IoT platform. Their design also presents an information management system for storing and
processing data. The stored data can be accessed to facilitate various researches on agriculture. Table 1,
presents the comparative study of a conducted literature survey of different agriculture approaches. Most
of the solutions provided for smart farming or precision agriculture does not provide a cost-effective
solution for farming. The system for irrigation presented by (Reche et al., 2014) is the most efficient
solution for smart agriculture as their approach provides the real time analysis of data. The designed
model presents a cost-effective solution for smart agriculture. The proposed system measures the real-
time field parameters and stores the data in a cloud platform for real-time analysis.

3. SYSTEM DESIGN

The prime objective behind our design is to present a smart agriculture system based on IoT and
sensor network that can control the irrigation and fertilizers for high crop production. The system

Table 1. Comparative study of different agriculture approaches

Reference Keywords Smfart Cloud Sy s.tem Future Storage Microcontroller
Devices Analysis
(Ligiang et al., . . .
2011) Soil Moisture No No No Nil
(Channe et al., Soil Moisture, Temp., . .
2015) Humidity Yes Yes Yes Arduino Uno
(Cha“gg?rly) etals | g4l Moisture, Temp. Yes No Yes PIC16F887
(Reche et al., qud Speed, Soil Irrigation
Moisture, Temp., Yes Yes Yes
2014) . Controller
Humidity
(Heble et al., Temp. Soil Moisture, PIC
2018) Wind Speed Yes No No Microcontroller
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design requires soil moisture, temperature, humidity, and air monitoring sensors for designing a
system without human interventions. Figure 2, presents the proposed framework for smart agriculture
based on sensor networks and IoT. The proposed design consists of four layers of operation which
are sensor deployment, middleware, communication, and application layer.

3.1 Sensor Deployment Layer

Sensor deployment in the agriculture field is the first layer of operation. The proposed system uses a
soil moisture sensor, temperature, and humidity sensor and air monitoring sensor for the collection of
field data. The deployed sensor nodes are presented in Figure 3. These sensor nodes are responsible
for collecting real-time field data and regular monitoring of the agriculture field. The soil moisture
sensor measures the soil moisture level, temperature, and humidity sensor to measure the relative
temperature and humidity levels. Similarly, an air monitoring sensor is used to estimate wind speed
and directions. These sensor nodes communicate with each other and transfer the sensed information
to the sink or master node.

The sink node is Arduino Uno based microcontroller, which is responsible for collecting field
data and transferring information further to the ThingSpeak cloud platform for storage and its
analysis. The hardware used for the experimentation collects data in real time (soil moisture level,
relative temperature & humidity and wind speed). The sensor nodes communicates with each other
wirelessly and transfers sensed data to sink node which is GSM enabled. This sink node is responsible
for gathering the field information and transferring data to the cloud for analysis and storing.

3.2 Middleware Layer

Middleware is the second operation layer of our proposed system. This layer is responsible for
controlling the actuators and automating the agriculture process. The collected values beyond the
threshold are transferred to the controller for their analysis in the ground station. These operational
layers carefully monitor the soil moisture, temperature, humidity, and wind speed as these factors

Figure 2. loT based framework for smart agriculture
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Figure 3. Deployment of Sensors for data collection
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directly impact agricultural yields. The system is configured considering three factors; in the first
factor when the soil moisture is observed below its threshold value an alert message is generated and
send to the user through e-mail. The automated system then generates a query for turning ON the
water motor for soil irrigation. When the required irrigation level is covered the system automatically
turns OFF the water motor. The factor considers the rise in relative temperature and humidity values
beyond the threshold. The system sends an automated generated alert and suggests to open the flap
of greenhouse or poly-house for maintaining the ambient atmosphere. The third factor is the wind
speed and its direction which is monitored by air monitoring sensors. When air monitoring value
succeeds threshold, systems generate an alert for covering the region and targeted plants, protecting
them from harm. The middleware layer is responsible for above mentioned three operations. These
operations are carried out in the ground station using the ThnigSpeak platform based on the real-
time analysis of sensed field data. Controlling these three factors in the targeted agriculture region,
increase the overall crop production with efficient use of resources.

3.3 Communication and Cloud Analysis Layer

The third operational layer of the proposed system is the communication layer. This layer uses
Ardunio Uno based microcontroller and responsible for communicating with the deployed sensors.
The collected data is transferred to the base station through this gateway wirelessly as it is comprised
of the GSM module. This module is WiFi-enabled and communicates the information wirelessly. The
deployed sensor monitors the field data such as moisture, temperature, humidity, wind speed, and
communicates them to the gateway node. An IP protocol is running in the controller gateway which
sends the collected information to ThingSpeak cloud for analysis and making decisions.

3.4 Application Layer

The advancement in the field of cloud computing and edge computing provides an effective solution
for the issues of smart agriculture application. The designed model uses the ThingSpeak cloud platform
for the collection of field data and provides efficient storage and analysis. In this operational layer,
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various channels are created for specific field parameters that represent their regular monitoring and
storing of data fields with time and date. The gateway node transmits the particular measured data to
their respective channels. Table 2 represents the sample of an observed dataset from the agricultural
field in the ThingSpeak Platform. In table 2 column 1 represents the time and date of recorded instance,
column 2 represents their entry numbers. The rest of columns represents values of soil moisture in
percentage (amount of water present in soil), temperature (in degree Celsius), humidity in percentage
(amount of moisture present in air) and wind speed (in meters per second). The data is analyzed using
MATLAB in ThingSpeak cloud for calculating irregularities and predicting the results. These data
values are plotted using MATLAB for its time-based analysis in the ground station. The agricultural
field data can be monitored from anywhere at any time, remotely using web service.

4. EXPERIMENTAL SETUP

The performance of the system is realized by deploying sensor modules in the agriculture field and
analyzing real-time collected in ThingSpeak IoT Platform. The hardware setup consists of Arduino
Uno and other various sensors for collecting field data. The hardware and software utilized for
experimentation are discussed below and presented in Figure 3.

4.1 Hardware Used
Arduino Uno Microcontroller

Atmega 8- bit, low power microcontroller is used and it provides 8K bytes of flash memory which
is self-programmable. The microcontroller supports 23 programmable input output ports and 10 bit
of analog to digital converter.

Soil Moisture Sensor

The soil moisture sensor is deployed for calculating the percentage of water quantity present in the soil.
The required average percentage of the water content in soil varies for different agriculture domains

Table 2. Sample of observed data from the agricultural field in ThingSpeak Platform

Recorded Instances E;(t::y Soil Moisture (%) Tem?oeé;)ture Hul(t;;l 2 Wil:;inlssl))%d
2020-01-(1) ;33100:15:23 81 o4 1821 65 45
2020-03;- 3553100: 19:51 82 26 18.26 68 52
2020-01- (1 2310 0:24:45 %3 25 19.14 67 42
2020-01- 35531)0:28:40 84 28 19.02 65 39
2020-01- S 2310 0:32:24 25 30 19.05 68 53
2020-01- 35531)0:36:20 86 28 20.03 63 52
2020-0.1- S 5531O 0:39:53 %7 29 19.07 69 5.0
2020-01- 555350:43:06 88 28 19.18 68 5.6
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and it may vary considering various environmental factors. The moisture sensor is used to measure
the percentage of water in the soil and to transfer the collected measurement to the controller for
making control actions in terms of turning On/Off Water motors. The soil moisture sensor consists of
two attached electrodes that need to be placed in the upper layer of soil. The soil moisture sensor is
an analog sensor and it provides an analog output to the controller. The output of the moisture sensor
is converted to a digital value (10 bit) and hence the average percentage is calculated.

Temperature and Humidity Sensor

Various crops are evolved as temperature and humidity sensitive. DHT11 a digital sensor is utilized for
measuring temperature and humidity values. This sensor provides the early detection of temperature
and humidity values so that some precautionary steps or preparations can be implemented for the
upcoming season to increase crop production. The temperature and humidity values play an important
role in deciding the accurate cultivating time of crops.

Air Monitoring Sensor

Fresh air is very much important for the nourishment of crops and plants. The amount of polluted air
may degrade the growth or may sick crops and plants. Therefore, the monitoring of air quality is an
important parameter for the growth of plants and crops. MQ135 air monitoring sensor is used which
provides an analog output. This sensor detects the wind speed and the presence of toxic gases in the air.
The output in the form of analog is converted to 10-bit digital form and then presented in percentage.

Raspberry Pi

Raspberry Pi provides the sensor interface to the gateway node and performs computing and networking
operations. It is the most important part of the Internet of Things platform. It provides the wireless
transmission of sensed information to the cloud so that the data can be accessed remotely. The Pi
model B is utilized for this framework which has a quad-core ARM processor, HDMI and USB ports,
GSM module and storage SD slot.

4.2 Software Used
ThingSpeak loT Platform

ThingSpeak Cloud platform is used for the real time analysis of ground data. This cloud platform
provides the facilities for processing of data in case of any adversaries. An observed sample of ground
data is presented in Table 2. It is used to plot the sensed information of field in terms of soil moisture,
temperature, humidity and air quality.

MATLAB Function

MATLAB function of ThingSpeak platform is utilized for presenting the comparative study of previous
and current stored values. The observed data can be analysed implementing various machine learning
and deep learning algorithms for their evaluation.

5. RESULTS AND ANALYSIS

ThingSpeak IoT platform provides services such as data aggregation, visualization, and data analysis of
live streams. The sensed field information is transmitted to the cloud platform using gateway module
and instant visualization of data is created and alerts are generated and transmitted using web service.
The MATLAB analysis of ThingSpeak stored data, runs a MATLAB code for processing, visualizing,
and analyzing data streams. Based on experimental setup the proposed system collects real-time field
information such as soil moisture, temperature, humidity, and wind speed. These sensed instances
are transmitted to the cloud system for their timely analysis. The sensed information is plotted in
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the ThingSpeak IoT platform every 3 to 6 minutes of delay. Figure 4, presents the generated plots
from following sensed data (a): Soil Moisture, (b): Temperature, (c): Humidity and (d): Air quality.
The cloud platform represents the graphical representation of sensed agricultural field data. The
field information is visualized in real-time utilizing cloud applications. It is observed from Figure
4, that the field data is updated and plotted through ThingSpeak analysis. The graph represents the
variation in the sensed values in different instances and plotted accordingly. Field 1 is set for soil
moisture channel, field 2 corresponds to temperature channel, field 3 for humidity, and field 4 for air
quality measurement. The different fields update their data and stores every upcoming value every
3 to 6 minutes.

The MATLAB function of the ThingSpeak platform is utilized and a MATLAB code is executed
for the visualization of temperature comparison for three days and to find the relation between the
relative temperature and wind speed. Figure 5, presents the MATLAB based visualization of three days
measured values of temperature and relative temperature values with wind speed. This visualization
helps in predicting the upcoming weather for considering changes and implementing operations for
improving crop production. In agriculture, the efficient use of water is an important factor. This system
mainly focuses on the effective utilization of water in agriculture along with the weather prediction.
The work is mainly based on the moisture content of the soil, and relative temperature and humidity
values. This system allows a sufficient supply of water to the agriculture field and accurate prediction
of weather for increasing the crop yields.

The prediction of upcoming weather plays an important role in maximizing crop yields. The
proposed system based on the MATLAB analysis of recently recorded temperature values of three
days predicts the weather report. Figure 6, presents the histogram of temperature variation at different
temperature ranges. The weather prediction is calculated using the MATLAB analysis of recorded
temperature values.

Figure 4. Generated plots from observed data in ThingSpeak cloud application for (a) soil moisture, (b) temperature, (c) humidity
and (d) air quality
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Figure 5. Temperature comparison for recent three days and relation between temperature and wind speed
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Figure 6. Number of measured temperature instances at different temperature ranges
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The temperature is monitored for predicting the weather condition and this further helps in
predicting the percentage of moisture content in soil for the coming days. Weather prediction helps
in calculating the percentage of dryness that may occur in the agriculture field. The system updates
the user through notification whenever the soil is in dry condition means high resistance. Based on
the threshold values of moisture sensor an automatic operation of soil irrigation through water motor
is initiated.

The soil moisture content varies for different types of agricultural fields. The designed system is
capable of pumping water to the field whenever required. The automated operation of the water motor
turns off automatically when the percentage wet level of the soil is achieved. Figure 7 presents the
resulted graphs of the proposed system where (a) represents the recorded temperature of the recent
three days and (b) represents the operational time of water motor to make the soil wet.

After the execution of MATLAB code, the readings of soil moisture content, temperature, and
humidity, air quality can be visualized through the ThingSpeak platform. The system sends alerts of
moisture, temperature, and humidity values through emails to the field users. Based on the above-
mentioned experimental set up different instances of soil moisture, temperature, humidity, and air
quality are monitored and analyzed using a cloud platform. The automated operation of the system

10
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Figure 7. Result visualization, (a) recent recorded temperature for three days and (b) irrigation operation in the field till 100%
wetness of soil
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controls the irrigation equipment without the intervention of humans. The system is capable of
providing continuous monitoring of the agricultural field and triggers the operation of the motor as
per the requirement. The performance of the system is evaluated considering two major performance
metrics. Average response time and standard deviation at the same cloud platform and different cloud
platforms. The response time and standard deviation are measured for the same clod platform and
different cloud platforms for the evaluation of the overall system’s performance.

Table 3, presents the analysis of the proposed framework for average response time and standard
deviation at the same cloud and different cloud platforms. The observed standard deviation and
response time of the system for the same clout platform are 10.63 milliseconds and 13.57 milliseconds.
Similarly, for different cloud systems, the standard deviation and response time are recorded as 16.24
milliseconds and 25.17 milliseconds. These observed results are compared with other cloud-based
approaches (Reche et al., 2014; Nawandar and Satpute, 2019) and it is analyzed that the performance of
the proposed framework is better than others and concludes that the system is efficient for continuous
monitoring of agricultural fields.

6. CONCLUSION

In this paper, a framework for agricultural field monitoring and irrigation control is proposed
using the concept of IoT. Internet of Things provides an efficient solution for smart agriculture and
proves its importance for helping farmers by increasing the overall productivity. This framework is
designed using sensor networks and cloud platforms for storing and analyzing data in real-time. The
system senses different field information like soil moisture, temperature, humidity, and air quality
and transmits this information to the cloud using a gateway. The cloud platform is responsible for
storing data and performing data aggregation, analyses, and visualization tasks. Based on the sensed

Table 3. Performance analysis of the proposed system for average response time and standard deviation

Approaches
Perforn}ance Same Platform Different Platform
Metrics
CloudMQTT M2M Proposed CloudMQTT M2M Proposed
Response Time 25.64 18.36 13.57 4526 28.45 25.17
(ms)

Standard 1832 13.24 10.63 30.14 20.65 16.24

Deviation (ms)

1"
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information system predict the upcoming weather and amount of dryness present in the soil. The
system schedules the irrigation process based on the real-time collected data and weather prediction.
This system generates alerts that suggest farmers or users whether soil irrigation is required or not
along with the percentage of soil moisture content. The experiments and observations prove that
the proposed system is an efficient solution for real-time monitoring and irrigation issues. The
implementation of this system is the agricultural field can benefits users by improving crop yields
and production rates. The work can be extended for diagnosing crop diseases, insects, and weeds that
occur in crops. Artificial neural network and image processing can be adopted for the detection and
diagnosis of crop diseases by installing digital cameras in the agricultural field.
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