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	ABSTRACT

	ARTICLE INFO

	  Automation in any field is the efficient way of reducing the maintenance cost and labour work. Unavailability of labour is major issue nowadays. Automaton of industrial process overcomes this issue with increase in production and leads to the industrial growth. In the present work agricultural irrigation process is automated using Supervisory Control and Data Acquisition System (SCADA) along with Programmable Logic Controller (PLC). System monitors irrigation process 24*7. SCADA system calculates reference evapotranspiration by using Penmon-Monteith formula based on environmental factors such as temperature, air humidity, wind speed and soil flux density. Food and Agricultural Organization (FAO) has suggested FAO-56 Penman Monteith method (modified PM method) as a standard method for calculating reference evapotranspiration (ET0). Reference evapotranspiration multiplied by crop factor gives actual crop water requirement for particular crop. SCADA system gets real time environmental status through the sensor connected to system and calculates crop water requirement and accordingly irrigation scheduling is done. Automated irrigation system aims improving irrigation efficiency and crop yield.
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I. Introduction

Agricultural processes are widely affected by climatic factors and many physical parameters. Climatic factors such as humidity, temperature, wind speed and radiation varies daily with place and season Thus, it is necessary to automate the irrigation process and findan economic irrigation controller that can adapt the daily water application to the plant needs [1]. M. Duran-Rosa et al. has designed the SCADA system for the micro irrigation with different filtration units for effluents.  Waste water is recycled and used for irrigation [2]. Liu xin et al. has proposed PLC based regulating control system for moisture and nutrients of the plant. Regulating control system proved successful in reducing application of water and fertilizer also helps in increasing crop yield [3].

The automated system for an irrigation schedulingmainly considers two parameters  i) total available moisture ii) daily crop water requirement considering real-time climatic factors. The FAO-56 Penman-Monteith method (modified PM method) is a standard method for calculating reference evapotranspiration (ET0) which is suggested by Food and Agricultural Organization (FAO). The water lost from the surface of soil is termed as evaporation denoted by E. In this process the water is removed from the soil surface in the form of water vapour which is highly affected by climatic factors. Water loss from the plant leaves in the form of vapour is termed as transpiration and it is denoted by T. Combining these two parameters gives rise to the term evapotranspiration denoted by ET. Evaporation and transpiration are simultaneous process but for initial growth period evaporation is main process and after the complete growth transpiration is main process. Reference crop evapotranspiration denoted by ET0 is calculated considering ideal condition on the hypothetical grass having specific characteristics which is then multiplied by crop factor KC give the evapotranspiration for particular crop. Amount of water lost by the plant or crop for evapotranspiration is called as crop water requirement for particular crop.

The research study conducted by scientist’s states that the FAO–56 Modified Penman Monteith method for calculating evapotranspiration is the standard method and gives very accurate results. Other methods requiring less data or considering few climatic factors for their calculations of crop water requirement are also very popular because of simple implementation, but those methods cannot debate FAO 56 PM method. Evapotranspiration varies by region and climatic conditions therefore it becomes important to consider all climatic factors that affect evapotranspiration.

The proposed work is intended to design an automated irrigation system using SCADA along with PLC based on climatic factors for improving the irrigation efficiency and crop yield.

II. Need for calculation of standardized ET0
Anirrigation process is one of the largest sources of consumption of water worldwide. Majority of irrigation in India is gravity fed which requires more water than microirrigation system. Nowadays the water level is declining so there is urgent need of saving of water.
The ET0 calculation is done with the help of meteorological data. Some older methods require less data to calculate ET0, therefore the old methods do not provide adequate or exact value of ET0. The ET0 value varies spatially and temporally, but the main result of the conclusion of researchers is that FAO-56 Penman-Monteith method is the only standard method for calculating ET0. The values ​​provided by PM method are more accurate and consistent and thus using the old methods is not advisable. Measuring soil moisture is important in agriculture for farmers to manage their systems for more efficient irrigation. With the help of automated system soil generally uses less water for development of crops, also farmers are able to increase the yield and crop quality by better management of soil moisture during the critical stages of plant growth. In addition to agriculture, there are many other fields that use soil moisture sensors. The golf courses also use sensors for increasing the efficiency of their irrigation systems and to avoid over-watering and leaching of fertilizers and other chemicals off site.
III. Material and methodology
Programmable Logic Controller (PLC) and Supervisory Control and Data Acquisition System (SCADA) are widely used in the industry for automation. PLC is a specialised computer which is used to control the processes and machines. The PLC is a hardware which is directly connected to the field instruments or sensors and controls the devices as per the logic stored in the memory. SCADA provides real time graphic user interface which is used to monitor and control process.
A. Experimental Setup

The automated control system requires sensors for measuring climatic conditions which are Soil moisture sensor, Humidity sensor, Wind sensor and Radiation sensor.

Soil moisture sensor designed for detecting the volumetric water content of the soil based on the dielectric constant. The dielectric constant may be seen as the capacity of the soil to transport electricity. The dielectric constant of the soil increases as increasing the water content of the soil. Soil moisture sensor has digital output as well as analog output. Digital output is controlled by the potentiometer knob and it becomes high when it exceeds the set value. Analogue output pin provides variation in potential values due addition of water which is calibrated to get the soil moisture content.

Humidity Sensor SYHS220 is sensor that detects and measures atmospheric humidity. Sensor detecting the relative humidity means that it measures both air temperature and humidity. Relative humidity expressed as a percentage, is the ratio of actual moisture in the air as much moisture air can hold at that temperature. The hotter the air, the more moisture it can hold, so the relative humidity changes with temperature fluctuations.

LM 35 digital IC is used for the temperature measurement. It reads temperature from -55 0C to 150 0C. Accuracy of LM 35 is more than that of thermistor. With the 1 0C change in temperature the output of LM 35 changes by 10 mv.

For SCADA System Wonderware’s Intouch software provides platform for graphic user interface. It is an industrial control system used in many industries for automation. SCADA provides development window and runtime window. In development window user creates file, designs a system and editing the programs is also possible. From this window user cannot go into run time. Runtime window is a program execution window where the program can be run which is designed using Windowmaker. Figure 1 shows runtime window of SCADA screen for irrigation process. 
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Figure 1 Runtime SCADA Screen

Allen Bradley Slc 500PLC is used. ThePLC has a 16K internal memory for storing a program. The Slc 500 has 4 analog inputs for reading analog sensor output. Programming language used for designing system is ladder logic. PLC uses built in machine control computer which reads theanalogand digital inputs from the sensors, executes the program and controls the analog or digital devices connected to PLC. The PLC program is configured as per requirement to control irrigation.

B. Methodology

Figure 2 showsthe block diagram of automated irrigation system. Theprocedure for an automation of irrigation processis explained in the next section.
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Figure 2 Block Diagram of Automated Irrigation Scheduling.

1) Read real time values:This is the first step for automation of agricultural process.For the measurement of temperature, humidity and wind speed the sensors are installed at standard height of 2 meter from ground suggested by FAO 56 modified PM method. With the help of sensors real time measurement of climatic factors is possible. For temperature measurement LM 35 is used and for measurement of humidity SYHS220 humidity sensor is used. Sensor senses the climatic factor and converts it into its equivalent electrical quantity and the SCADA system is programmed to calibrate the sensors.
2) Calculation of ET0:Thepresent irrigation controller relies on fixed scheduling and hence there is wastage of water during cloudy days and cooler days. In spite of using fixed scheduling SCADA system calculate daily evapotranspiration using real time environmental parameters such as temperature, air humidity, wind speed, radiation and soil heat flux. Equation 1 gives standard FAO-56 Penman-Monteith method for calculating potential evapotranspiration. This method is considered as most reliable method as it considers large environmental factors and based on physical principles.Sensors collect required hydro-meteorological data in the field, reference evapotranspiration is calculated on daily basis.
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ET0
= Reference evapotranspiration (mm/day),

Rn

= Net radiation at crop surface (MJ/m2 per day),

G
= Soil heat flux density (MJ/m2 per day),

T
= Air temperature at 2 m height (ºC),

u2
= Wind speed at 2 m height (m/s),

es


= Saturation vapor pressure (kPa),

ea
=Actual vapor pressure (kPa),

(es-ea) = Saturation vapor pressure deficit (kPa),

∆
=Slope of saturation vapor pressure curve at temperature T (kPa/°C),

γ
= Psychometric constant (kPa/°C).
3) Calculation of crop water requirements:The CWR for crop is same as that of value of actual crop evapotranspiration. CWR value changes for different crops as Kc value is selected according to the plant growth stage. From the SCADA screen user has to select the type of crop and according to the growth stage Kc value is selected. For calculation of water requirement of each crop, proper value of Kc is multiplied with ET0.
4) Estimating irrigation requirement: An irrigation requirement is the water required for that crop to fulfill their need. Water required for that crop from sowing process to harvesting process.
5) Irrigation scheduling:At the final stage irrigation scheduling is done for cultivated area. Soil moisture sensor measures the real time soil moisture content and compares the values with estimated values.Depending on requirement automated system controls the operation of solenoid valves and pump for scheduling the irrigation process. Proper water will be provided to the crop as per their requirements.
IV. results and discussion

This study is undertaken to design an automated irrigation system using SCADA along with PLC. Evapotranspiration values are calculated with FAO-56 PM Method as it provides most accurate values and considers climatic factors.

Table 1 shows experimental results for reference evapotranspiration (ET0) which are calculated using modified PM method considering real time values of Mean Temperature, Relative Humidity, Wind Speed and Net Radiation.These results are on daily basis and can be converted into month basis or season basis.

TABLE 1

EPERIMENTAL RESULT

	Day
	Mean temperature Tmean
	Relative Humidity

Rh
	Wind Speed

U2
	Net

Radiation

Rn
	ET0

	1
	28.75
	55
	3.75
	14.66
	7.15

	2
	28.63
	58.9
	3.30
	7.10
	4.74

	3
	28.50
	57
	3.54
	7.09
	4.98

	4
	28.25
	60.515
	4.78
	15.49
	7.26

	5
	28.63
	62
	5.16
	16.27
	7.47

	6
	28.63
	60.5
	5.60
	16.18
	7.75

	7
	28.64
	63.25
	8.19
	15.68
	8.03

	8
	28.00
	57.75
	6.51
	7.08
	6.31

	9
	28.63
	52.75
	8.18
	11.57
	8.68

	10
	28.63
	57
	10.49
	9.26
	8.43

	11
	29.13
	57.25
	9.62
	12.59
	8.83

	12
	28.75
	59.5
	8.93
	14.18
	8.48

	13
	28.50
	54.5
	5.69
	11.49
	7.42

	14
	29.63
	54
	3.03
	10.28
	5.83

	15
	28.88
	56.9
	2.70
	10.31
	5.35


The graphical representation of ET0values is as shown in Figure 3. The figure 3 shows that values of ET0changes every day. Thus an automated system calculates daily crop water requirement by multiplying ET0values with KC, and accurate irrigation of cultivated area is done. The ET0 values goes on increasing from month of January-May. This is just because there is increase in the temperature up to month of May. Then from May-December, the value goes on decreasing as the temperature goes on decreasing.
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Figure 3 Graphical Representation of ET0 values on Daily Basis.

V. Conclusions

In the present study the agricultural process is automated and irrigation is done according to the crop water requirement. Accurate estimation of evapotranspiration is possible using FAO-56 modified PM method. This system is robust and immune to environmental changes as the process gets input from the climatic factors and adapts irrigation accordingly. Nowadays inadequate supply of water is a major issue and this automated system helps farmers to reduce crop water stress and improves the yield. With the help of automatic systemeven professional can work in the field without much knowledge of agricultural processes. Real-time visualization is possible and the SCADA system saves years of real-time data that can be used later for research purpose. Economic point of view one time installation cost of the system is more but it helps farmers to reduce labour cost and maximize income by improving yield.
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