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Abstract: This paper presents development and analysis of different control stra-
tegies for smart automated system. The dynamic role of an electrical motor and
sensor interfacing with wireless module becomes an essential element in a smart
agriculture system to monitor various environmental parameters. The various key
parameters such as temperature, humidity, air pressure, soil health and solar radia-
tion are widely used to analyze the growth of plants and soil health based on dif-
ferent climate conditions. However, the smart development of an automatic
system to measure these vital parameters provides a feasible approach and helps
the farmers to monitor their crops productivity. In this paper, a smart sensor based
intelligent and automatic control strategies such as fuzzy logic controller and PID
(Proportional Integral Derivative) controller is developed to collect the real time
environmental parameters and to adapt any environmental conditions by updating
their membership functions automatically with the help of sensor outputs. This
paper targets to bring the usage of sensor-based intelligent and automatic control
methods in the field of an agriculture system which includes automatic solar panel
tracking and control, environmental vital parameters measurement, monitoring
and implementation of intelligent control methods. The different experiments
have been carried out with the support of graphical and microcontroller program-
ming environment. Experimental results provide that the proposed system effec-
tively measure the environmental parameters and provide an accurate
transmission of data for continuous monitoring. The advantage of the proposed
system is simple, easy to implement and maintain the dynamic environment for
plants with respect to any climate conditions.

Keywords: Internet of Things; environmental vital parameters; intelligent control
methods; solar tracking; DC motor; sensors

1 Introduction

The importance of designing a smart system around the global becomes an essential target in the current
scenario for various advanced measurement and rapid monitoring of various region of interest. Nowadays,
the development of latest technologies brings a novel solution to the engineering problems in an effective
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way. This will help the young developer to design and develop an innovative product in the area of real time
system design, application development, smart monitoring and smart agricultural system design. The wide
use of sensing technology and wireless sensor networks provides a flexible mechanism to cover the
functionality for real time environmental system design and vital parameters measurement. Smart
agricultural system design involves monitoring the environmental conditions and measuring the
parameters ranging from ground level sensing to an environmental remote monitoring. This can be done
with the support of Internet of Things (IoT) concept by various wireless devices such as Bluetooth,
Zigbee, Wireless Fidelity (Wi-Fi), Radio Frequency Identification (RFID) and Long Range protocols. The
importance of climate change and their effects in an agriculture environment has a great attention from an
engineers and researchers in the area of agriculture during the last decades. The system to measure the
environmental parameters during all the season of climate change becomes a critical challenge and need
to be design a real time system to monitor the same. The great applicable use of an IoT and intelligent
control strategies in agriculture leads a smart way to the researchers, farmers and agriculture labours to
reduce much kind of real time problems. The various researchers have been studied and collected the
relevant problems statement in the field of an [oT based smart agricultural system development with
smart intelligent control methods.

The rapid growth of remote measurement and research on greenhouse control environment brings an
immediate care to the researchers for designing smart agriculture IoT system. The existing development
of this system has many drawbacks such as high size, high cost, low energy, loss of data, improper
control, battery power and high power consumption. The key requirement for effective monitoring system
lies on their battery for long term operations. Using power source to the sensor consumes high cost for
long term continuous operations. Therefore, renewable and environmental energy sources are greatly used
by many researchers to power the system. However, harvesting energy becomes one of the most
important challenging tasks to the researchers to develop a standalone device to operate for long term.
The energy from solar, wind and tidal serves a main role to reduce the cost of the entire system and also
allow continuous monitoring. In order to develop a smart agriculture system, environmental energy in the
form of solar radiation becomes very important and used by researchers to harvest the energy which
always depends on real time weather conditions. Most of the solar radiation that reaches the earth is made
up of visible and infrared light. Only a small amount of ultraviolet radiation reaches the surface. Fig. |
depicts the graphical representation of solar radiation transmission at earth surface.
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Figure 1: A graphical representation of solar radiation transmission
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In an agricultural field, solar energy plays the major role from planting the seed to the full growth of a
plant. Photosynthesis is the process which helps to grow the plants and reduces the carbon dioxide and
increases the oxygen in the air. The radiation level at earth surface is varying in day time and the night
time. It depends on the sun’s angle with the earth. Solar radiation varies based on the surrounding
weather condition and location of the place. The use of solar radiation in an agriculture and
environmental research becomes very essential since it applicable for many outdoor field researches. In
an agriculture and environmental research environment, there are many methods have been investigated
for the new outcomes as a product. The researchers from all over the globe are investigating the several
methods to monitor the environmental parameters by measuring solar radiation at earth surface. It is
important to monitor the solar radiations and temperature at a field of agriculture. The system to monitor
an ultra violet and visible radiation from solar spectrum, environmental temperature, humidity need to be
updated and becomes an alternative solution for real time monitoring. The available modern technologies
allow the farmers to monitor their plants remotely and also to grow large amount of food within short
time period. In order to monitor large amount of field, it is timely necessary to design and develop a
smart loT enabled agriculture system to monitor the environmental parameters continuously. Also, there
is a need to design a dynamic controller with respect to environmental conditions which allows the
automation of an agriculture system with any environmental conditions.

This paper presents the development of sensor-based intelligent control strategies for monitoring
environmental vital parameters by means of agriculture IoT system. Here, a real time solar tracking
control system has been developed for tracking the position of sun to measure full range of solar
radiation. Sensing technology includes the custom developed light intensity sensor to detect light
intensity in the form of light variable. The other sensors such as ultraviolet, temperature and humidity
sensor module are integrated with the proposed system to monitor the necessary environmental vital
parameters. The measurement of these parameters by proposed sensing module helps the farmers to
monitor the required amount of radiation to their plants. The sensor data could be monitored remotely by
the farmers and also used for performing control actions. The smart intelligent control methods such as
PID and Fuzzy logic controllers have been tested with the system to analyse the performance of control
methods. To increase the efficiency of agriculture plants, it is necessary to maintain the correct level of
environmental parameters. The ultimate role of sensor technology with intelligent control methods and
wireless communication capability brings the solution to achieve real time remote monitoring of vital
parameters. The reminder of this paper is organized as follows: Section 2 presents a brief overview of
related work on smart agriculture IoT system which contains solar tracking system, sensor based
environmental monitoring and Intelligent control methods. Section 3 describes a theoretical framework
for proposed system architecture and the main components of the proposed systems; Sections 4 and 5
presents measurement results and conclusion of the paper.

2 Related Work

The dynamic review of literature in this paper focused on four different key parameters which include
sensors for agriculture monitoring, solar panel tracking system, intelligent control methods and Wireless
monitoring system. The summary of various works related to this paper is shown below in Fig. 2.

2.1 Sensor for Monitoring

The increased population and the advancements in industrial development affect the environmental
factors in large proportion. This change in environmental factors greatly influences the growth of healthy
plants. The environmental parameters that affecting the plants are temperature, light radiation, humidity,
soil condition, air permeability, landscape, water and climate. The different researchers have been
developed a system which contains sensor for agriculture and environmental applications.
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Figure 2: Summary of related work key areas

A chloride sensor is proposed to measure the soil salinity to improve the quality of the irrigation water [1]. The
various patterns of sensors used in precision agriculture using wireless sensor network is studied in [2]. The study
deals with the coverage and connectivity in wireless sensor network by classifying the measurements into single,
double and multi metric based measurements. The performance of the pattern arrangement is measured using
Network Simulator. In [3], a backscatter sensor is presented for leaf sensing. Here the sensor is used to measure
the temperature difference between the air and the leaf to identify the water stress in the plant by measuring the
thickness of the leaf. The temperature between the leaf and air is measured to identify the water stress of the
plants by an RFID-based autonomous leaf-compatible temperature sensing system [4]. A handheld microwave
reflectometer-sensor system to monitor the moisture level of different variety of soils is proposed in [5]. An
ultraviolet (UV) intensity monitor is designed to monitor the ultraviolet variations [6]. They also proposed a
ultraviolet based transducer which produced the output as duty cycle. But the measurements may vary
according to the change in temperature. The various humidity sensors and their measurement in an agriculture
environment are presented in [7]. A solar irradiance sensor is developed with the help of Neural Network (NN)
for tracking the solar irradiance from the sunlight which can be carried out in an extended photovoltaic power
plant [8]. Here, the temperature sensors are used to monitor the temperature level of the environment. The solar
irradiance is monitored by working out the entropy [9]. Monolithic Illumination Meter is used to record the
solar radiation level [10]. The magnitude of the solar irradiance is estimated in solar farm. They measured the
irradiance in the tilted plane and recorded that the solar radiation in the first level of the solar farm is higher
than the irradiance in the second level of the solar farm [11,12].

2.2 Solar Tracking and Intelligent Control Methods

Nowadays energy conservation is very essential in agricultural field and various techniques have been
investigated for energy conservation. The dedicated solar panel with power tracking schemes can be used to
save the energy by observing sun’s radiation entire day. A Maximum Power Point Tracking (MPPT) system
is developed comprising a Buck type dc/dc converter managed by a microcontroller [13]. The use of MPPT
system for different weather conditions are detailed in [14]. The fast reference tracking and charge recycling
approaches is preferred for good quality visuals in an output panel [ 15]. Microcontroller based low-cost solar
tracking system is designed by [16]. Cadmium sulfide (CdS) optical sensor is used for sensing the light in the
solar tracking system. Solar tracking system for measuring the intensity of light by phototransistors and an
automated panel is described in [17]. An analog maximum power point tracking technique is proposed in the
photovoltaic system for better energy consumption [18]. A system is proposed to analyse the behaviour of
buck converter for MPPT system [19]. An open circuit voltage measurement is put forward throughout the
pseudo normal performance of the thermoelectric generators (TEGs) [20]. MPPT algorithm is used to
command the synchronous Buck—Boost converter. A solar tracking system controlled by a
microcontroller and Light dependent resistors (LDR) which automatically tracks the sun light to increase
the output energy is proposed in [21]. Autonomous semi-portable solar powers tracking system is
designed for saving the energy and converts the solar energy into alternating current [22]. Mechanical
based solar panel tracking system is developed using Field Programmable Gate Array [23]. The faults in
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the solar panel can be identified by evaluating its intrinsic parameters [24]. A MPPT using grey wolf
optimization (GWO) technique is designed for imperfect lighting conditions. The tracking performance
obtained from the proposed partial shading conditions is compared with the existing algorithms and
shows better efficiency and reduced oscillation [25]. Hua et al. proposed a hybrid MPPT for rapid tracing
of the light and modify the step size of the PV panel by combining a novel modified fractional open
circuit voltage technique [26].

Chogueur et al. presents a framework for solar tracking system acquired from PICI16F877A
microcontroller and a servo control [27]. The speed of MPPT system is increased in different environmental
conditions using an improved incremental conductance algorithm [28]. A global maximum power point
tracking algorithm under partially shaded photovoltaic string is proposed to track the global MPP by
interfacing Paricle Swarm Optimization (PSO) approaches [29]. A novel online sensor less dual axis sun
tracker synchronized with MPPT system is proposed by [30]. Lelutiu et al. implemented a highly efficient,
compact automatic solar panel launched by a mobile trailer [31]. Xenophontos et al. proposed a novel
model based analytic method to improve the efficiency of the system. Two-resistor solar cell model (TRM)
is used to locate the MPP in partial shaded condition [32]. The paper is proposed make a study on
improved PV system for MPPT. The controlling system is carried out by digital signal processor (DSP)
microcontroller [33]. A manageable low-cost solar tracker system developed with dual axis operated by
Light Dependent Resistor (LDR) [34]. The output performance is compared with the fixed solar panel. Two
DC motors with gear box is used for the movement of the panel. An adaptive flexible power point tracking
(FPPT) approach is proposed in variable atmospheric condition for better efficiency [35].

A new robust model reference adaptive system (MRAS) method in solar PV powered water pumping
with induction motor drive is presented to evaluate the rotor speed of direct torque control (DTC) [36].
An adaptive algorithm is proposed to design an intelligent automated solar tracking control system to
improve the efficiency of solar energy for variable weather conditions [37]. LoRa based transceiver is
used for distant monitoring and for data transmission. A solar panel companion inverter (SPCI) is
designed which makes use of single-stage power conversion topology [38]. A wireless sensor monitoring
node is proposed for solar tracking. Kalman filtering algorithm is used to gather the information of the
farm and the data are communicated through GPRS module [39]. Bidyadhar et al. designed an
incremental proportional integral derivative (IPID) controller interfaced by adaptive MPPT algorithm [40].
Here the MPPT converter system is analysed using recursive least square algorithm and incremental
generalized minimum variance (IGMV) control algorithm and the IPID controller is tuned.

2.3 Wireless Monitoring System

Nowadays Internet of Things plays a major role in human life for data communication between
computerized system and person using their distinctive identifiers and the capability to transfer the
information without person to person or person to computer interactions. Various researchers carried out
their works on IoT to know its advantages and disadvantages in monitoring system.

The effects in Long Range (LoRa) protocol due to the packet retransmissions are analysed using novel
mathematical model. Depending on the transmission overhead, LoRa WAN issues four divergent cyclic
coding rates [41]. The problems, various open issues and different solution about the LoRa Networks are
studied in [42]. Renewable and cost-efficient soil energy is suggested to develop a self-powered wireless
environment monitoring system. The D-size Zn-C soil energy cell is used to generate the power based on
the moisture contents and response of microorganisms in the soil [43]. Adaptive tuning algorithm is
proposed to manage the IEEE 802.15.4 parameters and the sampling frequency of sensor nodes created in
agricultural fields [44]. Heterogeneous network architecture with star wireless personal area networks
(WPAN) is used for network modelling. Base station acts as Decision supporting system (DSS). IoT
based low budget inter digital FR4-based capacitive automatic sensor system is proposed for monitoring
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the nitrogen concentration in the agriculture farm. It senses the nitrogen concentration of water from the lake
or stream. The gathered data is transmitted using LoRa protocol [45].

The merits and the problems faced by IoT and data analytics in agriculture are provided in [46].
According to them, the main features needed for IoT to satisfy the agriculture purposes are efficiency,
memory, size of the system, its coverage, durability, and the cost involved for execution. Wireless sensor
network is designed for analysing the soil condition. Here, Zigbee protocol is used for communication
purposes [47]. 1oT is used for satellite farming in rural areas and communicated through Wi-Fi based
long distance (WiLD) network [48]. A mobile greenhouse environment monitoring system is developed
with the help of IoT [49]. A hybrid combination of Raspberry Pi and an Arduino chip is used for
monitoring. The different technologies used in loT for farming physical structure, data acquisition, data
processing, and data analytics, and compared various technologies like cloud computing, big data storage
and data analytics with IoT are discussed in [50]. IoT and machine learning (ML) forms for are proposed
for the salinity measurement of soil [51]. Photovoltaic Agricultural Internet of Things (PAIoT) is put
forward in smart agriculture [52]. The operating principle and the performance of PAIoT are compared
with the traditional agricultural IoT and traditional greenhouse IoT.

3 System Architecture

The proposed system architecture for development of smart agricultural IoT system to monitor
environmental vital parameters is shown in Fig. 3. The overview of this system includes design of an
automatic solar tracking system, real time sensor interfacing which includes ultraviolet (UV), humidity,
light and temperature sensors.
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Figure 3: Proposed system architecture for sensor based smart agriculture system
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The automatic solar tracking system is designed to harvest the ambient energy from sun light. This can
be done with the help of 36 cells solar panel with automatic control mechanisms. The solar panel movement
based on the direction of sun light along with sensor setup is controlled by DC motor to measure the
environmental parameters. It is necessary to monitor the environmental parameters remotely in the area of
agriculture by farmers for improving the productivity of their plants. It also provides the mechanisms for
enabling the safety measures such as activating drip irrigation system. The control methods such as fuzzy
logic controller and PID controller have been used in this paper for controlling the speed of DC motor,
water level control for drip irrigation. The dynamic fuzzy based automatic control methods have been
investigated and proposed the system to maintain the desired environmental conditions based on any
climatic conditions.

3.1 Solar Panel Tracking System

Solar panel tracking system plays a vital role to extract the energy from an ambient environment. The
control of solar panel to track the position of sun becomes an essential in an agriculture field by observing the
radiation level throughout the growing season. This paper proposed an automatic solar panel tracking system
in which DC motor is integrated with Atmega 328P microcontroller to control the movement of solar panel
based on the sun light position as shown in Fig. 4. The proposed solar panel tracking system also consists of
LDR attached at both the end of solar panel to measure the light intensities. The light intensity sensors are
also used along with this solar panel tracking system which helps to sense the maximum radiation level.
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Figure 4: Sensor based solar panel tracking and control system
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3.2 Sensor Module for Vital Parameters Measurement

The proposed light sensor consists of photodiode, filters, diffuser and transimpedance amplifier. The
sensor module used in this paper is mainly focused on measuring the environmental vital parameters.
This paper also proposed Inter Integrated Circuit (IC) enabled UV sensor, humidity sensor, soil moisture
sensor and temperature sensor to measure the required parameters. The sensing module with wide range
of applications helps the designer to develop a smart system with greater flexibility. It will be greatly
used by farmers to monitor the growth of their plants. The specification of used sensor module is
summarized in Tab. 1.

Table 1: Summary of sensor module used in this paper to measure environmental vital parameters

Sensor Operating voltage Output type Measurement

VEML 6075 1.7t0 3.6 V I’C UVA and UVB radiation
HTU21D 1.5t03.6V I’C Temperature and humidity
STEMMA 3to5V I’C Soil moisture

Proposed sensor 33V I’C Light intensity

3.3 Wireless Remote Monitoring

The ultimate goal for developing a remote wireless monitoring system is to transmit the data from
sensing module. The development of wireless remote monitoring with advanced communication
technology enables the designer and researchers for continuous monitoring applications. In this paper,
Wi-Fi and LoRa modules are used to develop a remote monitoring system and enable the transmission of
data to remote locations. The device layer of this system contains the sensors and microcontroller for
sensing and processing of physical data. The connectivity layer presents the usage of wireless modules
such as Wi-Fi and LoRa protocols for transmitting the data. The application layer provides the monitoring
station, application software and computing platforms to visualize the real time data.

3.4 Intelligent Control Methods

Intelligent control methods with sensor technology play a main part in modern agriculture. Nowadays
smart agriculture is carried out in many agriculture fields to increase the crop production. This can be done by
means of various agriculture sensors and involvement of intelligent control methods. There are different soft
computing approaches are used to perform the required control actions. The control techniques such as fuzzy
logic, machine learning, genetic algorithms and artificial neural networks have drastically increased to design
a real time system with better accurate output response. The intelligent control methods used in this paper
mainly focused on designing dynamic fuzzy logic controller to adapt any environmental conditions by
updating their membership functions automatically with the help of sensor outputs, PID control approach
to control the speed of DC motor and control of tank water level for automatic irrigation system.

The proposed methodology is implemented in a greenhouse environment as shown in Fig. 5. Here, fuzzy
rule based dynamic controller is designed with respect to sensor inputs and environmental conditions. Based on
the inputs, controller adjusts its membership functions automatically and activates the control strategies such as
water spills and roof opening which help the system to maintain the desired level of environmental conditions.
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Figure 5: Conceptual diagram depicts the use of dynamic fuzzy logic controller in greenhouse

4 Measurement Results and Discussions

The analog front end system is designed which support the different sensor to measure the
environmental vital parameters. The response from the custom developed light sensor is recorded with
different bias voltages. The output of light sensor and LDR are separately used to activate the DC motor
for controlling the solar panel.

4.1 Measurement of Light Intensity

The measurement of light intensity employs a filter and diffuser over the photodiode D, as shown in
Fig. 6. The BPW34 Optical silicon photodiode is used as sensor in this paper to measure the light
intensity. This photodiode is suitable for detecting the light intensity within the visible light spectrum
(400-700 nm). Also, the responsivity of this photodiode is linear between 400 to 500 nm. Therefore, it is
selected for measuring the light intensity. In the Fig. 6, D; denotes the BPW 34 photodiode, V,.r denotes
voltage reference, Rp is a feedback resistor, Cy is the feedback capacitor, A; is a transimpedance
amplifier, Vg is a bias voltage, Ipy is the generated photocurrent, Voutl is the output voltage of the
sensor circuit which can be estimated by,

Vour = Vg + Ipy X Rr (1)
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Figure 6: Proposed light sensor circuit design for sensor based automatic solar tracking control system

From the results, it was observed that silicon photodiode becomes an efficient device to measure light intensity
as the output voltage varies with respect to light intensity as shown in Fig. 7. The bias voltage in the proposed
sensor is 0.9 V to detect the light intensity and RF =100 KQ and CF=0.1 pF. The true active radiation from
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solar power is measured with the help of commercially available Li-190R quantum sensor. The outputs of sensor
values are further calibrated to estimate active radiation and presented in Tab. 2. Fig. 8 shows the graphical
representation of IV curve of silicon photodiode BPW34 for light intensity detection at outdoor environment.
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Figure 7: Measured output from sensor circuit and variation curve of silicon photodiode

Table 2: Outdoor measurement results of developed light intensity sensor for active radiation measurements

Solar power Light sensor Active radiation
(W/m?) output (V) (pmole/m?/s)
989 3.3 1943
935 3.1 1877
856 2.7 1756
778 2.4 1587
643 2.0 1398
565 1.7 1245
434 1.2 1163
212 0.7 632
13 0.3 24
x10°

Silicon photodiode I-V Curve

Current (mA)
IN

-3 -2.5 -2 -1.5 -1 -0.5 (0] 0.5 1

Voltage(V)

Figure 8: IV Curve of silicon photodiode BPW34

4.2 Measurement of UV Radiation, Temperature, Humidity

The environmental vital parameters such as UV radiation, temperature and humidity become most
important parameters in an agricultural IoT system. The high amount of UV radiation and temperature affect
the plant growth. The proposed sensor set up consists of silicon UV photodiode of 360, 315 nm respectively
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could be used for UV measurement and digital temperature and humidity sensor is used to measure temperature
and humidity. Tab. 3 shows the measurement of UV radiation, temperature and humidity.

Table 3: UV radiation, temperature and humidity measurement

UVA (uW/cm?) UVB (uW/cm?) Temperature (<C) Humidity (%)

5789 2634 39 51
5435 2453 39 45
4863 2365 38 43
4324 1812 38 45
3876 1532 37 37
3334 989 35 39
2754 634 37 36
1507 454 26 36
321 78 25 27

4.3 Solar Panel Testing and Automatic Tracking System

The efficiency of the proposed solar panel is tested by analyzing current and voltage characteristics. The
electronic instruments are placed with parallel of solar panel for measuring current and voltages by varying
the resistance. The experimental results show that the use of proposed panel achieves good degree of output
response with respect to light conditions as shown in Fig. 9. The automatic solar panel tracking system is
employed with the support of developed light intensity sensor and LDR. The sensors are attached at both
the end of solar panel stand to receive the maximum intensity. Based on the voltage difference measured
by light intensity sensor and LDR, solar panel rotates by DC motor which are integrated with automatic
tracking system.
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Voltage(V)
Figure 9: Results obtained from solar panel testing V-1 and V-P configurations

4.4 Data Transmission and Monitoring

The interest in development of IoT based real time sensor measurement system in an agriculture
environment has been widely increasing because of easy usage of sensors, reduced risk and low cost.
Recent advances in technology have inspired numerous designs of sensor-based measurement systems.
This paper proposed the development of IoT enabled system to transmit and monitor the environmental
vital parameters. Here, Wi-Fi and LoRa modules have been used and implemented with the system to
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monitor the parameters which are send from sensors in an agriculture field. Thus, the system is useful to
monitor the parameters for agriculture such as light intensity, UV radiation, temperature, humidity level
through IoT module. Fig. 10 provides the computing platforms for monitoring of environmental vital
parameters.
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Figure 10: Monitoring and visualization of transmitted data

4.5 Performance of Intelligent Control Methods

This paper proposed the design of dynamic fuzzy logic controller and PID controller for analyzing the
performance of control strategies in an agriculture environment. The proposed design will help to maintain
required environmental conditions for plants to grow throughout the season. In order to maintain proper
environmental conditions, a dedicated rule based fuzzy logic controller is designed to perform control
action which can be suitable for any environmental conditions. The advantages of dynamic fuzzy logic
controller are to change their membership functions automatically based on climate conditions according
to defined fuzzy rules. Fig. 11 shows the updating of membership functions which are required for an
environmental condition. The three environmental conditions are considered in this paper and their
membership values are updated based of sensor inputs.
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Figure 11: Performance of dynamic fuzzy logic controller to update their membership functions

The specific role of a sensing module, DC motor and wireless module with processing unit, design
intelligent control methods provide an efficient mechanism to the developer to design a smart
measurement system. Based on results obtained from the proposed sensor modules in a greenhouse
environment, the control actions are triggered to activate the DC motor for water pumping system. Here,
PID controller with auto tuning method can be effectively used to control the speed of DC motor. Fig. 12
provides the output performance curve for speed control of DC motor. Based on the results obtained from
an experiment, it was observed that proposed setup confirmed that the PID based control of DC motor
provides an effective way to control the speed of DC motor and can be used in smart agriculture system.
The rise time, settling time, peak overshoot, peak time, phase margin and stability are considered as the
desired performance parameters for PID controller to control the speed of DC motor. Tab. 4 provides
these vital performance metrics for auto tuning of PID controller.
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Figure 12: Performance of PID controller to control the speed of DC motor

Table 4: Performance metrics of PID controller

Performance parameters Tuned PID controller
Rise time 0.034 s

Settling time 0.153 s

Overshoot 5.41%

Peak time 1.05

Closed loop stability Stable

P 0.2146

I 5.2665

D 0.0021

The sensing module used in this paper provides an intensive measurement of temperature, light intensity,
humidity and UV radiation which are considered as most essential vital parameters to analyse the
environmental conditions. The web page is configured using graphical programming to control the system
through the web application shown in Fig. 13.
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The custom developed light sensor presented in this paper detects the light from input source and convert
into an electrical output. From the literature study, the methodology indicated that spectral irradiances
variation between calibration source and field light source can be eliminated by estimating the calibration
coefficient. The calibration of developed sensor can be done with support of a calibration lamp in a
controlled experimental environment to measure the spectral irradiances. The calibration of developed
sensor helps to reduce spectral error for measurement of light intensity. For estimating the active radiation
for plants, it is required to multiply the actual sensor value with calibration coefficient. Another approach
to eliminate the spectral error will be involving spectral correction approach. The spectral correction can
be easily performed only if spectral irradiances are known, but in many cases spectral irradiances are
unknown. Hence, the spectral correction can be achieved by collecting spectral irradiances and estimating
spectral correction coefficients from different environment light condition (open sky, under shade, under
tree canopy, under sail, indoor light, LED light). Also, direct comparison with the reference sensor
(spectroradiometer) becomes an alternate solution to calibrate the developed sensor. Hence, the proposed
system with intelligent control methods can be used in an agriculture field for monitoring the
environmental vital parameters effectively and perform control actions based on any environmental
conditions. The future work of the proposed method can be implementation novel artificial intelligence
concept along with custom developed low power embedded devices.

5 Conclusions

This paper presents the development and analysis of sensor based control strategies for smart
agricultural IoT system to monitor environmental vital parameters. The proposed method provides a real
time measurement of different environmental vital parameters such as UV radiation, temperature,
humidity and light intensity. This paper also proposed a web-based monitoring of agriculture system
which has Wi-Fi and LoRa wireless module to transmit the data to the monitoring station. This method
helps the farmer to monitor their agriculture field very effectively. The design of intelligent control
methods and their integration with proposed system has many advantages to provide control actions. The
designs of dynamic fuzzy logic controller optimize the control scenario of agriculture environmental
system by updating their membership functions for maintaining good environmental conditions. The
different experiments were carried out and it is concluded that the developed system consists of solar
panel tracking, measurement of vital parameters, wireless transmission, web-based monitoring and
implementation of intelligent control methods will be a promising way to the developer in an agriculture
environment to develop an innovative application with the help of various real time sensor data.
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