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Abstract— Irrigation systems have been demanding the 
automation of the system for getting faster and more precise 
manner of agriculture which will be enhanced the produc-
tivity rate and reduced the processing time and labor cost. 
During automation, irrigating the large areas of plants is a 
difficult job. To overcome such problems, irrigation schedul-
ing techniques can be applied to monitor the soil and crop 
conditions. Irrigation scheduling plays a vital role when ir-
rigating the land and how much water is to be applied. This 
improves the irrigation system as well as reduces the irriga-
tion cost and increases crop yield. For this purpose, modeling, 
simulation, and setting of the control parameters for the au-
tomation of the irrigation system are carried out using Pro-
portional-Integral-Derivative (PID). Further, to improve the 
performance of the control system, Artificial Neural Network 
(ANN) based intelligent control system is applied for effective 
irrigation scheduling where evapotranspiration, ecological 
conditions, type of crop, and the amount of water are esti-
mated for irrigation The model is simulated using MATLAB 
software, and it is found that ANN-based intelligent control 
systems can provide a better solution for saving the resources 
and can also provide optimized results to different types of 
agriculture cultivation.

Keywords - Irrigation systems, PID control system, Arti-
ficial Neural Network (ANN), Irrigation Scheduling, Control 
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I.	 INTRODUCTION

The intelligent systems have been providing the solu-
tion for the environment to build the decisions making 
system for futuristic aspects and analysis of their sur-
roundings which plays a vital role in human society's 
accomplishments to be self-sufficient in food and living 
of life requirements. Irrigation is the most important part 
of agriculture in many parts of the world where water is 
an inadequate resource and irrigation techniques must be 
automated with precision and accuracy so that limited re-
source can be utilized effectively and efficiently manner. 
During automation, the design of a control system for ir-
rigation scheduling is the most essential aspect where ir-
rigation scheduling is to attempt on when to irrigate and 
how much water will have to be supplied. This is focused 
on the fixed-rate or variable rate of its control system. 

For this different types of controllers are attempted such 
as ON-OFF controller, PD, PI, PID, etc. [1,2]. The major 
disadvantage of ON-OFF controllers cannot give optimal 
results for varying time delays phenomenon and varying 
system parameters of the controller whereas PD, PI, and 
PID give slightly better results than an ON-OFF controller. 
Artificial Neural Network (ANN) controllers have the po-
tential whereby set up the input parameters like soil mois-
ture, air temperature, humidity, radiations etc., the model 
of control system can be developed which provides the 
output information for evapotranspiration, type of crop, 
ecological conditions, the amount of water required for ir-
rigation. Using proposed this method, effective irrigation 
scheduling can be achieved to the level of water, moisture 
in the soil, use of pesticides and fertilizers, etc.

The main objective of this paper is to develop a model 
for a control system where a PID system is applied and fur-
ther improvement of the system, ANN control technique is 
applied for effective irrigation scheduling for agricultural 
land. The classifications of the crop into different types of 
areas can be set according to the requirement with different 
environmental conditions in similar resources so that these 
can be identified in a group in the same category. There-
fore, irrigation needs can be identified with lesser water 
requirements.

 This paper is presented as follows: a brief report of 
a literature survey for different controllers application to-
wards irrigation applications is discussed in Section II. In 
section III, a novel concept on PID controller enabled in an 
irrigation system is proposed where the major focus is on 
minimizing the drawbacks of the ON-OFF control system. 
In section IV, a system architecture of ANN Controllers' 
application in the irrigation scheduling is discussed. The 
conclusion is written in Section V.

II.	 BRIEF LITERATURE SURVEY ABOUT MODE-
LING, SIMULATION, AND APPLIED CONTROL 

SYSTEM ON THE IRRIGATION SYSTEM  

In the past, some researchers have reported on auto-
mated irrigation systems where different types of control 
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systems are identified. Ding et al. [3] have focused on the 
fuzzy self-adaptive PID controller which is applied to the 
automatic control system of canal operation. During op-
eration, the controlled parameters are set based on fuzzy 
logic reasoning and the optimal best fine-tuning of PID 
controller parameters. Colaizzi et al. [4] have applied a 
plant canopy temperature for improving irrigation systems 
towards crop management where a remotely sensed plant 
canopy temperature theory has been applied. Shirazpasha 
et al. [5] have attempted automated irrigation for farms 
or nurseries which gives information to farmers about the 
exact amount of water requirement. This turns valves ON-
OFF using a solenoid valve and microcontroller. Pavithra 
et al. [6] have developed an android phone-control irriga-
tion system where Application Programmable Interface 
(API) is applied to develop Android applications plat-
form using the Java programming language. Goyal et al. 
[7] have emphasized modeling of daily pan evaporation 
in subtropical climates using various controllers which 
increases the accuracy/precision of daily pan evaporation 
estimation during subtropical climates. Rodriguez et al. 
[8] have developed a control algorithm for automatic ir-
rigation scheduling in a soilless culture where the control 
system is based on a PID algorithm and it provides the 
automatic operation with the minimum cost. Goodchild et 
al. [9] have attempted on a PID controller for providing 
the proper control of soil moisture conditions by supplying 
the exact amount of water according to the requirement of 
the plant. subsequently, the PID controller is modified by 
changing the environmental conditions such as different 
rainfall, high-temperature conditions, etc so that the con-
troller can work under different conditions such as water-
ing, windup, plant stress conditions, etc. Poyen et al. [10] 
have attempted an ANN controller which is applied for 
precise moisture control in smart irrigation. The control-
ler interacts with the requisite soil moisture and calculated 
soil moisture conditions. Lozoya et al. [11] have presented 
a model of control strategy applied to an irrigation sys-
tem for making efficient use of water for large crop fields, 
that is applying the correct amount of water at a suitable 
place at the exact time. Ghodake et al. [12] have focused 
on the design of an automated drip irrigation system where 
a feasibility study has been carried out regarding cost-ef-
fectiveness. Shitu et al. [13] have summarized the review 
on smart different control systems for water management 
applications whereas Guo et al. [14] have attempted the 
real-time control system for irrigation applications where 
a model for predictive control is applied for finding the 
plant's desired root-zone deficit level with specified varia-
ble rainfall parameters etc. Sheikh et al. [15] have empha-
sized the importance and significance of modernization of 
irrigation in the agriculture field by applying a PID con-
troller where all-natural parameters including temperature, 
air humidity, wind speed, radiation, and soil moisture are 
taken into account. Munir et al. [16] have employed an IoT 
system for smart energy consumption and smart irrigation 
in tunnel farming where a set of sensors records the plant 
data efficiently and their water requirement. An applica-
tion is also developed for monitoring and controlling the 
irrigation system. Sudharshan et al. [17] have attempted on 

renewable energy-based smart irrigation system where the 
fuzzy logic algorithm is used to control the solenoid valve 
and data from the sensors are sent to the adafruit.io cloud 
platform so that users can monitor the moisture and hu-
midity level etc. Jacob et al. [18] have attempted on mode-
ling the automatic sprinkler irrigation process using a PID 
controller and finite-state machine where automatic con-
trol logic is designed for automatic irrigation systems in 
real-time. Gonzalez-Briones et al. [19] have attempted an 
intelligent multi-agent system where the data are gathered 
from wireless sensor networks for potato crops. Further, 
the data have been uploaded to the cloud. EL-Zemity et al. 
[20] have developed a wastewater treatment model with 
smart irrigation utilizing a PID controller where the PID 
gain parameters are tuned using MATLAB and the cor-
relation for the performance of the wastewater treatment 
processing is achieved. Abioye et al. [21] have attempted 
an IoT-based monitoring framework using ES Presso Lite 
and V2.0 module which interfaces the various soil mois-
ture sensors to measure soil moisture contents for mustard 
leaf plants. Poyen et al. [22] have applied a fuzzy rule-
based controller to control the check the water wastage by 
providing an optimal irrigating environment for farming 
where the necessary control action regulates the actuators 
by supplying the right amount of water to the farm. Further, 
Jain et al. [23,24] have demonstrated an IoT-enabled smart 
drip irrigation system using web/android applications for 
agricultural applications whereas in this paper, modeling, 
simulation, and setting of the control parameters for auto-
mation of irrigation system using PID and ANN methods 
are proposed which will help in an irrigation scheduling. 
This is a novel part of this paper. 

III.	 DESIGN OF PID BASED AND ANN-BASED CON-
TROLLERS FOR AUTOMATED IRRIGATION 

SYSTEM

A. Modelling of system parameters for PID con-
troller towards automated irrigation system

For designing the controller for an automated irriga-
tion system, several parameters like the kind of soil, kind 
of plants, leaf coverage plays, etc play an essential role 
during the cultivation of crops where an optimal decision 
is required for providing the water requirement. For taking 
the optimal decision, the controller should be designed in 
such a way as to how much water (and/or fertilizer) will 
be used in respective irrigation sessions/areas and repeat-
ability can be itself accordingly to the requirement. In the 
pre-defined control/direct control method, there is no feed-
back from the controlled object. For taking the account 
of a feedback system, the study on irrigation sessions is 
required where repeatability is a major concern accord-
ing to irrigation session/area. Considering these aspects, 
a PID controller i.e. a close loop system is proposed for a 
feedback control system where the process variable may 
be fixed with a setpoint, and produced an error signal will 
be corrected as per requirement. This controls the output 
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parameters of the system and this process may be contin-
ued up to the zero error signal or the process variable value 
will be equal to the set point. During operation, the input 
parameters are considered as soil humidity, air humidity, 
temperature, radiation, wind speed, and salinity and the 
output parameters are taken as opening and closing the op-
eration of the valve for water requirement or fertilizer, and 
a combination of both, opening and closing walls, turning 
energy systems (like lights, ventilation, heating, etc), etc. 

During the development of the controller, the follow-
ing steps are attempted as given below; 

i.	Input data from sensors: In this step, various 
parameters like soil moisture, air humidity, tem-
perature, radiation, and wind speed are collected. 
Then these parameters are needed for the next step 
as input.

ii.	Development of Evapotranspiration model: 
During the development of the model, this block 
transforms the four input parameters for achieving 
the actual soil moisture.

iii.	 Required soil moisture condition: This block 
gives information about the amount of water re-
quired for the appropriate growth of plants. 

iv.	 Application of PID and ANN controller: In 
this step, by applying the application of PID and 
ANN controller, the requisite soil moisture and ac-
tual soil moisture can be compared which helps in 
the decision-making process dynamically.

Fig. 1. Block diagram of basic  
irrigation control system 

The input for the irrigation control system is simulated 
using SIMULINK in a MATLAB environment as shown in 
Fig. 1 where the following inputs are considered.  

B. Modelling for input parameters from acquired 
sensors  

For estimation of humidity from the environment, the 
four input parameters such as air humidity, temperature, 

radiation, and wind speed are considered which affects the 
evapotranspiration model. 

 i. Temperature: The temperature is the essential pa-
rameter for monitoring and control of the irrigation system 
which is illustrated as a continuous sine wave signal and 
simulated for the day and night temperature transforma-
tion. If any sharp changes occur in exceptional cases such 
as deserts etc.  The following input variable parameters are 
considered as given below; 

■■ A sine wave with an amplitude of 5 ºC is considered 
■■ 	A frequency of 0.2618 rad/h for a time period of 24 h is 
measured (i.e. 0.2168 rad/h = 2pi/T=2pi/24).

■■ A constant bias (offset) at 30 ºC is taken
After simulation, it is found that the air humidity can 

reach the maximum temperature of 35°C (mid-day) and 
the minimum can reach +25°C (mid-night). In this manner, 
the temperature can be found on any particular day by set-
ting the variable parameters as shown in Fig. 2. 

ii. Air humidity: For considering the air humidity, the 
following parameters are taken.

■■ A sine wave is taken with an amplitude of 10%
■■ Bias of 60% (constant); 
■■ A frequency of 0.2618 rad/h is measured for the period 
of 24 h.

iii. Wind speed: For considering the air humidity, the 
following parameters are taken. 

■■ A sine wave with an amplitude of 1 km/h is taken 
■■ Bias of 3.5 km/h (constant) is considered 
■■ A frequency of 0.2618 rad/h is measured for the period 
of 24 h.

iv. Radiation: By considering the maximum possible 
radiation at the earth’s surface (Rmax), the model is de-
veloped. 

■■ A sine wave with an amplitude of 2MJ/m2 is taken
■■ The bias of 112MJ/m2
■■ A frequency ranging of 0.2618 rad/h is measured for the 
period of 24 h.

 

Fig 2. Input Parameters of Evapotranspiration model- 
Graphical representation
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C.Required Soil Moisture Condition

It is dependent relative to the type of soil, kind of plant, 
type of growth parameters, type of land, etc. The required 
soil moisture is found as shown in Fig. 3. 

 Fig. 3. Required soil moisture behavior

D. Evapotranspiration Model 

A Penman-Monteith equation is considered based on an 
estimation of reference evapotranspiration eq. [25] where 
the equation can be presented by a combination function 
of maximum and minimum temperature, radiation, wind 
speed, and vapour pressure. The Penman-Monteith eq. 
[25]  is written as given below;

 	 (1)

			   (2)

		  (3)

		 (4)
ET0 = Reference evapotranspiration [mm day-1], 

G = Soil heat flux density [MJ m-2 day-1], 

Rn= Net radiation at the crop surface [MJ m-2 day1], 

U2= Wind speed at 2 m height [m s 1], 

T = Mean daily air temperature at 2 m height [°C], 

D = Slope vapour pressure curve [kPa °C-1], 

es= Saturation vapour pressure[kPa], 

ea= Actual vapour pressure [kPa], 

es-ea= e0(T) =Saturation vapour pressure deficit [kPa], 

P = Atmospheric pressure [kPa],

g = Psychrometric constant [kPa °C1], 

e0(T) = Saturation vapour pressure at the air temperature 
T [kPa],

z = Elevation above sea level [m], 

Cp= Specific heat at constant pressure, 1.013x10-3 [MJkg-1 
°C-1],

ε = Ratio molecular weight of water vapour/dry air =0.622,

λ = Latent heat of vaporization, 2.45 [MJ kg-1].

E. Input and output of the controller

The controller has two inputs i.e. the required/desired 
soil moisture and calculated soil moisture from the evap-
otranspiration model. There is only one output of the con-
troller, also called control input for the valve position. It 
builds the system configuration straightforwardly.

IV.	 RESULTS AND DISCUSSIONS

The above-mentioned requirement in mind behavior of 
the controller is simulated in SIMULINK-MATLAB soft-
ware and the block diagram is shown in Fig. 4.

 

Fig. 4. ON-OFF based control system with Evapo-
transpiration model

At first, the ON-OFF controller is implemented along 
with the evapotranspiration model where reference (Re-
quired) Soil moisture is taken into account and simulated. 
It is found that the ON-OFF control-based system shows 
continuous oscillation at the output as shown in Fig. 5. This 
shows that the system is unstable and shows oscillating be-
havior.  From input "Subsystem" to output "PID Control-
ler", the output of step response before tuning is shown in 
Fig. 6. It is found that this ON-OFF control-based system 
is not stable.

For improving the control system and finding the sta-
bility of the control system, a PID control is applied using 
SIMULINK-MATLAB software as shown in Fig. 6. This 
helps in improving the real-time process parameters (such 
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as moisture, humidity, temperature, sunlight intensity, etc.) 
of the control system.

  

Fig. 5. Simulation results of ON-OFF control based 
system

 Fig. 6. The output of step response before tuning of 
PID control system

Fig. 7. PID based control system with Evapotranspi-
ration model

By applying a PID control system, the closed-loop ir-
rigation control improves crop yields condition and it also 
helps in effective resource utilization. By controlling the 
irrigation system, the changes in soil moisture meet the 
requirement of water for crop yielding. After applying a 
PID control system, the system reacts in a faster manner 
which provides precise manner change in environmental 
conditions like under-watering, rainfall, plant stress, and 
windup conditions.  For obtaining PID gain parameters, 
the transfer function of the system is given below:

			   (5)

This shows that systems have two degrees of freedom 

and the system has oscillating behavior. During applying 
the PID tuner in the SIMULINK model, the value of  kp, 
ki, and kd are given in Table 1.  The obtained performance 
parameters of the PID control system are shown in Table 2. 

Table 1. kp, k, kd values in PID Tuner 

kp kd ki N
0.4755 0.4867 0.2722 1.7464

		  (6)

kp is the proportional gain, ki is the integral gain, kd is the 
derivative gain, and N is the filter coefficient respectively. 
After applying PID gain parameters, system response and 
Root Locus plot are shown in Fig. 8 and 9. These show 
the system is stable and the poles are negative and the Left 
side. The simulation results are shown in Fig. 10. 

Table 2. Obtained performance parameters of PID con-
trol system
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(a) Root Locus before tuning

 

(b) Root Locus after tuning

(c) Bode plot of PID controller  

Fig. 9. Root locus and Bode plot of ON-OFF control 
based system

 Fig. 10. Simulation results of PID based control 
system

Further, ANN method is applied in the control system 
for finding effective irrigation scheduling. This is modeled 
on the brain where neurons are connected in complex pat-
terns to get the processed data by sensing through sensors 
and training the data and store in memories. This is a sys-
tem based on the operation of biological neural networks 
or it is also defined as an emulation of a biological neural 

system.

During the implementation of the ANN Controller, the 
following parameters are considered in the design of con-
trol architecture in the SIMULINK model.

■■ Topology type: Distributed Time Delay Neural Network
■■ Name of training function: Bayesian Regulation func-
tion.

■■ Performance: Sum squared error is taken as a perfor-
mance measure.

■■ Goal value: 0.0001.
■■ Learning rate: 0.05.
The SIMULINK model is shown in Fig. 11. During 

the training of the neural network model, the direct cas-
cade controller along with the Evapotranspiration model is 
applied. The controller target is to achieve the actual soil 
moisture to the required soil moisture so that the resources 
like water and energy can be optimized. During analysis, 
the control valve is considered as an open condition and 
the required soil moisture limits go beyond the measured 
soil moisture and the control value should be considered a 
closed condition. The performance of the actual soil mois-
ture shows without any oscillations as shown in Fig. 12.

 

 Fig. 11. Simulink Model of ANN Controller

 

Fig. 12. The output of the Simulink Model of the ANN 
Controller
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Fig. 13. Training the ANN Model

 

Fig. 14. Variations of the input-output model

 
Fig. 15. Error histogram with 20 bins

 

Fig. 16. Trained  and tested output data of ANN model

 
Fig. 17. Best training performance in terms of mean 

square error  
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Fig. 18. Best performance of ANN controller 

The following observations are envisaged as given in 
Table 3.

Table 3. Training and testing data

SAMPLES MSE R

TRAINING 221 3.95948e-0 7.00783-1

TESTING 48 3.73856e-0 7.56047e-1

From Fig. 13 to Fig. 18, it is observed that: 

1.	The regression value of the model tested is 0.75 thus the 
model is 75 percent accurate in terms of predicting the 
optimal output.

2.	The ANN controller controls the valve effectively where 
a low energy system is required for operating the sys-
tem. Therefore, both energy and water can be saved in 
the environment.

Hence, by applying ANN controller, a cost-effective 
and result-oriented irrigation control system has been 
achieved which can be directly implemented for practical 
implementation.

V.	 CONCLUSION   

In this paper, the control of drip irrigation systems is 
discussed by applying different types of control systems 
such as ON-OFF, PID, and ANN. The proposed ANN 
control method is also compared with PID and ON-OFF  
controller. It is found that the ON-OFF controller-based 
system fails suddenly due to its limitations where the PID 
controller is provided a solution for a stable control system 
by tuning the control gain parameters. The ANN-based 
approach has provided the trained data for drip irrigation 
scheduling and the results show a better implementation 
and more efficient control method. This ANN controller 
does not need the aforementioned knowledge of the sys-
tem and has the intrinsic ability to self-adjust the changing 

conditions. It is important to note that ANN-based systems 
can provide a better solution for saving a lot of resources 
like energy and water and can also provide optimized re-
sults for different types of agriculture cultivations. In the 
future, this controller will be implemented with hardware 
in crop cultivation.
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