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ABSTRACT
Today the world is moving towards limited resources owing to exponential growth of population. This exerts a
continuous pressure on land and agriculture. This ultimately demands a radical change in agricultural practices. As
mode of controlled environment cultivation, greenhouse cultivation has been evolved to increase harvest by controlling
key factors which affects the plant growth. Real time monitoring of the greenhouse environment with sensors can
significantly affect the plant growth by taking necessary control decisions which results in an improvement of yields and
economic performance. Temperature and humidity are the main constituents of controlled environment in greenhouse.
This multivariable system is non-linear and has strongly coupled variables which bring complication in greenhouse
climate control. This paper addresses to formulate intelligent control strategy to control temperature and humidity using
fan and fogger unit. Based on the feature of single chip computer (SCM) of Arduino prototyping platform, a standalone
implementation for regulating the control parameters of greenhouse is achieved. To provide further versatility to the
user, the Arduino is interfaced to ‘ThingSpeak’ which is an Internet of Things (IoT) platform meant for data collection
and analytics that serves as bridge connecting edge node devices to collect data and data exploratory analysis software
to analyse data. It would enable the user to monitor the performance of the system online from any part of the world over
a long run. This significantly reduces the labour involved thus making the system useful for rural farmers, small scale
agriculturists, gardeners, and agricultural researchers.
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INTRODUCTION
Greenhouse cultivation under controlled environment has been evolved to create favourable micro climates in
crop production could be possible all throughout the year[1]. Greenhouse crop production offers a mean to
move forward to a greater degree of environmental control. Successful plant growing is accomplished by
maintaining temperature, humidity at ambient levels. Temperature and humidity in greenhouse can be
controlled by using exhaust fan and fogger units respectively. For better yields relative humidity inside the
greenhouse should be maintained between 60%-70% and ambient temperature varies dependent on the crop
under cultivation.
This paper addresses the implementation of fuzzy logic controllers on an Arduino prototyping to control
temperature and humidity inside the greenhouse.Indeed, fuzzy is employed because complete mathematical
model of the greenhouse enclosure is not well known and the behaviour of the process varies non-linearly. It
offers the advantage to include linguistic knowledge on how to control such multivariable, complex non-linear
process like greenhouse, taking into the expert knowledge of growers. Thus, use of fuzzy provides a way to
minimize and facilitate management of climate conditions of the modern greenhouses [4][5].
The remote location sensor data is made available over the IoT platform through ThingSpeak. It is possible
towrite data to the channel, process and view data with Matlab program. This software environment facilitates
to create a channel and collect data as well as Analyze and visualize the same.
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Active Greenhouse Cooling
During summer, the high intensity of solar radiation increases the air temperature inside the greenhouse to an
undesirable level due to greenhouse effect[3]. Due to this the inside environment becomes unfavourable for
crop-production particularly in summer season. By active mode greenhouse, forced ventilation methods is
adopted by installation of fan and pumps with help of mechanical energy to move the working fluid in the
system. Due to ventilation, there occurs an exchange of air between the enclosure and outside environment.
The inside air is replaced by outside air for normal reduction in greenhouse temperature. Also with the
installation of misting facility not only increases the relative humidity but also increases cooling phenomena.
MATERIALS AND METHODS
Sensor
A combined Temperature and Relative Humidity sensor is used for the determination of temperature and
humidity levels inside the greenhouse. This sensor is designed for meteorological observations, where reliable
sensor with accuracy of measurement and long term stability is a must. The low power consumption makes it
ideal for remote applications. The sensor provides a linear 0 to 5 volt outputs in case of both temperature and
humidity. The sensor can be used for long periods in hostile weather conditions, without maintenance. Special
filters are provided to keep the sensor free from dust and water splash[10].

Figure 1: EMCON combined Temperature/Relative Humidity Sensor
Additional accessories include a weather protective shade for protecting the sensor from dust, sunlight and
rain as well as maintaining easy movement of air. It is designed with 7 plates with 2 plates for temperature
isolation and is made up of ASA plastic or improved Nylon.

Table1: Sensor Specifications

Variables Range Accuracy
Operating

Temperature
Range

Output Voltage
Range

Temperature
-20°C to

60°C
+/- 0.1ᴼC -50 to 90°C

0 to 5 V

Relative
Humidity

0 to 100% +/- 1.8% -50 to 70°C
0 to 5 V

Fan Circuit
Ventilating with fans does double duty by pushing warm air out and drawing cooler air into the greenhouse.
The fan used in this work is a 4 inch square type brushless cooling fan which operates on 12V DC. To control
the fan, a relay is connected between 12V supply and fan.When the temperature in the greenhouse goes above
ambient temperature, the relay connected to the fan is energised and the fan operates to lower the temperature.
The number of fan unit and fan size is chosen based on ASHARE standards of HVAC Applications[7].A
generally accepted minimum ventilation rate for temperature control in the summer is one air change per
minute.
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Figure 2: Temperature rise in greenhouse as influenced by ventilation rate

Fogger Circuit
The main purpose of fogger is to increase the humidity level of the greenhouse. This misting system also uses
natural evaporation system to bring down temperature inside the greenhouse to some extent. Efficient
installation of fogger can reduce the temperature inside greenhouse by 6-7 degrees and increase humidity to
85 percent. The fogger used in this work is a four way sprinkler type. This product requires 36 psi and above
water pressure for its proper functioning and sold with free 4 mm adapters. Under the required water pressure
of 36 Psi and above, fogger will give a fog like watering effect to the leaves of plants and keep them look
fresh and live.

Figure 3: Four- way fogger and its installation in greenhouse
Discharge of the fogger is different at different pressures. The discharge rates of the fogger at different
pressures are tabulated below:

Table 2: Discharge rates of the fogger at different pressures
PRESSURE DISCHARGE RATE

2.5 bar 26L per hour
3 bar 30L per hour

3.5 bar 31L per hour

Pumping system includes a submersible water pump. It has a hermetically sealed motor close-coupled to the
pump body. The whole assembly is submerged in the sump which holds the water to be used for misting
purpose.
Arduino platform:
Arduino is an open source computing platform based on a simple microcontroller board which like a single
chip computer[3].For the greenhouse climate control application, the resolution and sampling rate is more
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than adequate for monitoring and controlling a lot of experiments. By observing the physical nature through
sensor specific features, it may also be transmitted to the network using an Ethernet-related Shield. Thus, it
stands as a desirable choice for the IoT application in remote climate monitoring and control of greenhouse
andalso allows modify programs according to the needs and able to interface type circuits to interpret switches
and added sensors[2].
IoT web Service
ThingSpeak is a web based open API IoT source information platform that comprehensive in storing the
sensor data of varied ‘IoT applications’ and conspire the sensed data output in graphical form at the web
level[8]. ThingSpeak communicate with the help of internet connection which acts as a ‘data packet ’carrier
between the connected ‘things’ and the ThingSpeak cloud retrieve, save/store, analyse, observe and work on
the sensed data from the connected sensor to the host system[6].

Figure 4: Process Flowchart to demonstrate the IoT sensor data analysis
Fuzzy Based Timer Control System
Many greenhouse operations like misting, watering are time dependent. Usually twenty four hours and seven
days are common cycle or intervals for time clock. In this paper, based on the difference between the sensed
values and the ambient conditions required by the plant, the duty cycle of the ventilation rate and misting
frequency is altered. This improves the energy efficiency and economic cost benefits with more precise
control. Fuzzy logic controller is implemented by writing adequate expert rules to maintain the climate inside
the greenhouse. The designed fuzzy temperature controller uses a cooling system to track the desired
temperature independent of the outer environment temperature. Also, the designed humidity controller uses
the humidifier system to track the desired humidity independent of the outer environment humidity.

Table3: Range and the number of membership function of fuzzy controller parameters
NAME RANGE NUMBER OF

MEMBERSHIP
FUNCTIONS

MEMBERSHIP
FUNCTION

SHAPE

Temperature
Difference

-20 to 20 3 Warm
Normal

cold

Trapezoidal
Triangular

Trapezoidal
Humidity
difference

-20 to 20 3 Wet
Normal

Dry

Trapezoidal
Triangular

Trapezoidal
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Duty cycle % for
Fan (10 min

cycle)

0
25
50

3 OFF
Small
Large

Constant

Duty cycle % for
Fogger

(10 min cycle)

0
10
20

3 OFF
Small
Large

Constant

The membership functions of fuzzy logic is chosen in such a way to avoid frequent switching On/Off of fan
and fogger

REAL-TIME IMPLEMENTATION
Model Structure
The pilot model is built with gabic even span structure with dimensions of 100cm x 55cm x 75cm and
approximate volume of the greenhouse is 0.4125 cubic metres.The greenhouse with a straight sidewall and a
gable roof is the most common shape and has advantages in framing and in space utilization. Also
Concentration of sunlight is easier in this type of geometrical structure which ensures that plants undergo
efficient photosynthesis.50% UV polythene has been used as covering material.Extra features to the prototype
include vents and mesh. The mesh is provided for easy installation of the hardware components inside the
structure. Vents on the side walls of the greenhouse to circulate the inside air are a requirement both for
cooling in the summer and for heat distribution in the winter. Since temperatures inside the greenhouse can be
extreme in the middle of summer and winter, it's necessary to keep the air circulating so temperatures remain
relatively stable, rather than having the cold air near the bottom and the hot air up near the top.

Implementation Methodology

Figure 5: Block Diagram for Greenhouse Environment Control
The temperature and Humidity sensor works on 12V DC supply. The output from th
e sensor is of the range (0-5) V. This output is then fed to the analog pins of the Arduino microcontroller. Here
the values get processed in accordance with fuzzy rules embedded by the operator in the Arduino platform.
The variables get compared with the set points and give digital outputs as PWM signals. These digital outputs
control the relay switching circuit Turn ON period based on to meet the ambient conditions inside the
greenhouse. Thus, the fan and submersible pump for supply of water to the fogger gets turned ON respectively
to control the temperature and humidity respectively.
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Figure 6: Experimental Setup
Later the local data is transferred to the ThingSpeak Cloud via Internet and we can able to visualize it on
global platform.Once we obtain the channel ID and Read API key, now it is ready to exploit the analysis of
the IoT sensed in the Matlab and for this we need to follow the procedure that is earlier discussed for sensing
and monitoring operation and the below Figure 7 shows the post analysis report for the greenhouse over
network enabled PC.

Figure 7: Duty Cycles of Actuators
By altering the duty cycle based on the requirement to meet the ambient conditions the fan and the fogger
units are turned ON optimally. Thereby energy efficient operation of greenhouse is made possible.
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Figure 8:Temperature and Relative Humidity data on IoT platform

CONCLUSION

Greenhouses are specialized structures where climatic parameters are maintained artificially with the help of
smart sensing techniques. With this, it is possible to maintain optimum temperature and humidity parameters
that stimulate growth of plants. The system is fully automated as it does not require anyform of adjustment
from the user.The Arduino utilized timer control of fan and fogger using fuzzy logic gives better results.
Moreover the microclimatic parameters are also available at a remote terminalfor the user to monitor
and analyze the performance of the greenhouse.Through this, more detailed analysis can be carried out for
greenhouse Big Data, using advantage of the IoT. Thus, the ambient climate to promote crop growth is made
reliable and increases the degree of success of greenhouse crop cultivation.
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