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Abstract—Irrigation is the important process in the agriculture that has to supply required
amount of water to the crop field and also need to optimize the water usage due to water
scarcity and water shortages present. Nevertheless, the growing population needs more crops
needs to be cultivated throughout the year needs enhanced agriculture systems to function. It is
very difficult for the farmer or labors to give their full efforts for very large cultivating region
round the clock. So, the smart irrigation system has evolved that uses recent techniques and
senses the temperature, pressure, moisture content in soil and humidity and water the crops
based on their needs. This paper surveys different topics of smart irrigation based on Machine
Learning, IoT systems, WSN, hybrid techniques, Single-Crop and Multi-Crop cultivation,
Irrigation requirement analysis, and its evaluation parameter metrics. Analysis of different
frameworks of smart irrigation systems also presented with perceptional approach.
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1. INTRODUCTION

Irrigation plays an important role in the agricultural sector and is a life-saving factor for crops. Water is the main
element required for the growth of plants compared to other things in agriculture. Irrigation is a time-limiting
action that to take place in the proper time interval and duration. As the growing population, demands more food
it mainly depends on the growth of agriculture techniques.

The crops cultivated in the soil, based on the weather, its versatility, properties of the soil, requirement of water,
etc. Each crop has different water requirements and the growth depends on it. So many irrigation systems are
introduced for the well-being of the crop and to reduce labor activities.

Water scarcity is also an important factor, that requires the quantity of water to be handled in efficient manner.
So many researches are taking place in the Irrigation system that indirectly helps in the development of
Agriculture of that particular nation.

Auto Irrigation systems help the farmer to irrigate the land using automated techniques like the surface method,
drip method, sprinkler method, and sub-surface method.
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The main objective of the auto irrigation system is to reduce the labor work and to concentrate in other crop well
being activities, timely management, irrigation based on real-time collection of data from sensors. In the paper
[1], the detailed survey of auto irrigation system based on factors like time, volume, open loop systems, closed
loop systems, real-time feedback systems, and computer-based irrigation control systems are done. The authors
also provided information of national (India) and International wise on auto irrigation system that is occurring.
The low-cost irrigation system using Atmel microcontroller AT89S52 and soil moisture sensors are used. The
successor of auto irrigation system is the smart irrigation system where the involvement of various sensors,
wireless devices, networks, and control systems helps the agricultural growth at wide range. Authors in the paper
[2] surveyed the smart irrigation systems present all over the world based on irrigation development, irrigation
scheduling systems based on real-time data, based on irrigation techniques like manual and automated methods,
irrigation system based on smart techniques based on soil monitoring sensors and control of the irrigation
techniques based on the crop cultivated. The soil sensor helps the irrigation system in a large scale by indicating
the amount of water requirement in the soil for the growth of the plant. The issue of water scarcity and the need
for the soil moisture sensors for the growth of agriculture is discussed in the paper [3] where the authors
provided data on various soil moisture sensors based on

temperature, moisture, water requirements, dielectric permittivity, salinity, conductivity and flow of water. The
field irrigation based on Wireless Sensor Network (WSN) and the advantages of sensors-based irrigations are
also explained. The smart drip irrigation system is proposed in the paper [4] and also the authors explained
different techniques involved in it. The IoT-based smart drip irrigation system using Android application in
mobile devices by SMS or miscall approach helps the farmer to indicate the condition and requirement of water
is proposed. In the paper [5], a survey is made on the groundwater, springs, and wastewater from the Mezquital
valley that is of Palestine ages. It is found that 218 organic micro contaminants are present in the those water of
that valley which brings hazardous health issues in the consumers. The authors discussed the way of samples
collected and the analysis made. The detailed description of 218 compounds and their concentration present in
the springs, waste water and ground water level is presented along with the number of VOCs (Volatile Organic
Compounds) and SVOCs (Semi-Volatile Organic Compounds), Phacs (Pharametically hormone active
compounds) and seven reproductive compounds present in the surface, springs and waster water is discussed.
The consumer health issues due to the consumption of this water is explained. In the paper [6], the data mining
and machine learning algorithms for smart farming system and smart irrigation system under the topics of soil
moisture detection, irrigation auditing, various sensor devices involved, machine learning of types supervised,
semi-supervised and un-supervised learning algorithms used are explained. Various artificial intelligence
algorithm are used in smart irrigation system using IoT system is discussed in the paper [7], where the authors
gave a good insights on various controllers, sensor, different techniques based on hardware, firmware and
software using Al, deep learning, and machine learning techniques and also discussed the benefits of using
different systems. An IoT based smart irrigation system is designed using kNN (k- Nearest Neighbor), LSTM
(Long Short Term Memory) and transfer learning method is adopted in the paper [8] -using the real-time data
collected by using the banana tree for nine to 10 months of cultivation after applying their proposed work that
results in the good accuracy. Auto Regressive Integrated Moving Average (ARIMA) model based IoT system
using Artificial Intelligence along with the Design Science Research Methodology (DSRM) approach is
proposed in the paper [9] and implemented successfully in the Limpopo Province. The agricultural operations
take place using IoT systems that collect the real time data and send it to the farmers using the kNN machine
learning algorithm that enhances the irrigation method by handling the water scarcity issue is explained in the
paper [10].

The survey of smart irrigation system based on various factors are discussed in this paper that helps to enhance
the future researches. The smart irrigation system depends on multiple technques, AL algorithms, frameworks,
models, and methods that are discussed in detail. The paper is organized as follows, i) Introduction, ii)
Framework for Single-crop and Multi-Crop, iii) Hybrid techniques for smart irrigation based on IoT and WSN,
iv) Monitoring systems of smart irrigation that depends on the machine learning algorithms, v) irrigation
requirement analysis using ML and AL, vi) evaluation parameters required for predictions and water
management and followe by vii) conclusion.

II. FRAMEWORK

In this section, different frameworks for the single-crop and multi-crop methods is discussed in Table I and
Table II. Various parameters, communication systems using [oT and WSN, prototypes, methods, and ways of
soil quality enhancement are surveyed for both single-crop and multi-cropping methods. Framework is the main

1430



concept in the irrigation system that defines the complete working model for the proposed system. the
framework of iirgation system are based on IoT and WSN network where the data are collected using sensors
from the field that is using the Microcontrollers, Arduino and Raspberry Pi is usually used in the literatures.
Then the farmers on other side, take action like water pump switching On or OFF conditions. The complete

framework is results in the practical applications that are reviewed in the Table I.

TABLE I. FRAMEWORK FOR SINGLE CROP IRRIGATION SYSTEMS

collecting soil, climate, and
plant parameters and GUI in
the farmer side using the IoT
systems

References Methods Inference
[11]. Allali, et al. Prototype model developed | Smart Green based system efficiently controls the automatic watering
using ESP 8266  for | process in order to overcome the overwatering and to reduce water

consumption in the irrigation processes.

[12]. Habib, S, ctal.

IoT based waste
Irrigation system

water

Soil fertility sensor is used under the dates palm tree to check the soil
fertility and communicated using WiFi and HTTP is used for farmer side
requests.

[13]. Gonzalez-Briones,

Multi layer and multi agent

Virtual Organisation (VO) based Multi agent system (MAS) used for

Irrigation system framework
calculation using Agriculture
Irrigation Water
Consumption (AIWC),
Irrigation Return Flow (IRF)
with the help of Soil and

Alfonso, et al. Architecture for auto | collecting the required parameters for corn crop utilizing the benefits of
irrigation  system  using | pivot and localized irrigation method is done.
Wireless  Sensor Network
(WSN)

[14] Di W, et al. Multi- Source Water | Modified SWAT model applied to AIWC for reservoirs, ponds and river

channels of the YSD of China where the proposed model indicated the
drought duration effectively.

Irrigation system using non-
dimensional infiltrated
methods

Water  Assessment  Tool
(SWAT)
[15]Li, A, etal. Pressurized Sprinkler | Four parameters namely deep percolation (DP), Coefficient of Uniformity

(CU), Application efficiency (Ea) and distribution uniformity (DU) for three
data sets containing wheel movement, permanent and semi solid state are
used for calcutaion that results in 12% reduction in efficieny compared to
conventional formula because of parameters used.

[16]. Esteves, et al.

Collective Irrigation System
(CIS) considering different
rehabilitation alternatives.

Three main components based CIS system framed like crop production
systems, on-farm irrigation systems and project rehabilitation alternatives
shown less futuristic approach .

[17]. Borsato Eros, et
al.

Framework for water
sustainability using
parameters deficit, overuse,

reliability and resilience

Evaluation of sustainability of irrigation based on quantitative terms and
likelihood, provides socio-economic sustainability aspects, decision making
process rely on spatial and temporal data for water management.

TABLE II. FRAMEWORK FOR MULTI CROP IRRIGATION SYSTEMS

References

Methods

Inference

[18] Anbarasi, M., et
al

Soil moisture detection for multi
crop cultivation using Arduino and

Raspberry pi based IoT system

The soil information is effectivey collected by sensor nodes and
communicated to the farmers, with the help of indicators water pump
is processed that reduces the physical need of the farmer at the same
time increases the yield of the multi crops.

[19] W. Haider, et al.

WSN based multi crop yielding
using decision support systems and
context aware water scheduling

Increasing the income by growing the vegetable plants along with
crops leads to mixed cropping that requires efficient water scheduling
system is addressed by rule mining-based algorithm and mobile
oriented GPRS system in WSN network

[20]. Rudinskiené, et

Enhancing  soil  quality

by | Long term soil health is obtained using binary and trinary crops of

al. incorporating caraway in Multi | using caraway with wheat and with cloves, barley and caraway.
cropping system

I1I. HYBRID TECHNIQUES FOR SMART IRRIGATION

In this section, the smart irrigation system combining the machine learning and IoT system-based hybrid models
are survey, summarized in the Table III with the detailed description of authors proposal. The usage of hybrid
techniques helps the smart irrigation system at greater scale that reduces the water usage and results in the good
cultivation. The ML algorithms used are KNN, SVM, RF, GRT, linear regression, etc are the main concepts used
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with the IoT systems. The WSN network is considered by for smaller scale of cultivation. Smart green and green
house effects also discussed in many of the works. Intervention of IoT with machine learning techniques evolves
with the more accurate output in the real-time basis. Therefore, these hybrid techniques entered agriculture
domain mainly involved in the smart irrigation systems. It is reviewed that KNN, RF, SVM, SVR and LR
methods of machine learning techniques are incorporated with IoT systems of smart irrigation systems that are
discussed in detail.

TABLE III. ML AND IOT BASED IRRIGATION SYSTEM

Kondaveti, , et al.

algorithm and Romyan’s mthoed for
requirement of water is proposed.

References Methods Inference
[21]. D. Maria | IoT based irrigation system using kNN | The proposed work in this reduced the water consumption by 31.4%
Manuel Vianny, | algorithm for collecting parameters | compared to conventional method for banana tree in 2020 planted
etal. using sensors, Gradient Boosting based | separately and in group manner.
Tree (GBT) for real value prediction,
time series prediction using LSTM, and
correlation value obtained through
Spearman’s rank
[22].  Anneketh | Prediction of irrigation requirements, | In the automation of farm irrigation system, Random Forest (RF)
Vij, et al. soil and crop type are done using | shown better accuracy of 81.6% compared to other method that proved
Support Vector Machine (SVM) and | to be a mobile and dynamic approach.
Support  Vector Regression (SVR)
incorporating IoT system.
[23]. R. | Auto irrigation system using Rainfall | Analysis of proposed method is evaluated using the amount of water

required for single crop on entire basis and at each stages calculate
along with the detection of motor ON/ OFF period that shown accurate
results.

[24] Kanade, et
al.

Bolt IoT module consisting of
temperature, humidity, pH, Arduino
based pressure sensors are incorporated.

Conservation of water is done using the auto irrigation system that rely
on weather condition measured by temperature sensor, soil quality by
pH sensor, soil moisture by Arduino based sensor using loT system.

[25] Goap, et al.

Soil moisture prediction algorithm using
SVR and k-mean clustering and
threshold based irrigation planning
algorithm is proposed.

The accuracy and error rate of the proposed method for various
parameters like UV , temperature, moisture, pressure and quality
sensors are collected and communication takes place in the IoT
network.

[26]. K. S.
Pratyush Reddy,
etal.

Decision Tree algorithm based IoT
system for smart agriculture.

Decision tree algorithm is used for sensed data from the fiels like
temperature, moisture and humidity and pass on to the cloud from
where the farmers using decision making algorithm decides the
operation of water pump.

[27]. R. N.
Kirtana, et al.

Decision making ML algorithm using
ZigBee technology for data
communication for smart irrigation
system

Solar powered sensor module is framed for data collection of various
soil parameters and ZigBee technology is used for communication with
the servers.

[28]. Gloria,
André, et al.

Decision Tress, Random Forest, Neural
Networks, and SVM are compared for
IoT system based smart farming using
real-time data

Here the history data sets are trained using the ML algoirhtm for real-
time data where the Random forest method shown accuracy of 86.4%
and achieved water saving upto 60%

[29]. Kansara, et
al.

Reviews on automated irrigation system
using different sensor in the IoT
environment

Need, methods, advantages and disadvantages of ML in IoT using
different sensors are discussed.

[30]. S. M.
Shahriar, et al.

Naives Bayes algorithm based ML and
Raspberry Pi used for communication in
real-time intelligent irrigation system

Raspberry Pi based sensor collects the soil temperature and moisture
content and Serial Peripheral Interface used. The proposed mthod
shown 98.33% accuracy for working model prototype.

[31] Bhoi,
Ashutosh et al

IoT enabled Regression Tree based
storing and Agglomerative clustering
algorithm for prediction is used.

Parameter forecasting is done using a Regression Tree along with AC
to predict the next action required by the farmers based on collected
data. The SVM is used for classification, and feedback is used to
maintain the closed loop of the system.

[32]Y. -C. Chang,
T.,etal

LoRa P2P Network based
irrigation system

smart

Green house organic crops cultivation by learning the farmers
experience through the ML algorithm and communication takes place
through the LoRa P2P(Low Range Peer to Peer) for seamless
connectivity.

[33]. Kwok, et al

ML based Image recognition of plant
and irrigation is done based on that.

Docker software used to integrate the coworkers and with the help of
mobile integration image captures is detected using deep learning
algorithm using Tensor flow and the activities of irrigation controlled
using Arduino

[34]. Gujar, et al

Optimum water utilization for farming
using ML and WSN network

ML algorithms like kNN, SVM and RL are used for collecting sensed
data, decision making and predicting the situation and amount if water
required by the farm and transmitted the information using the WSN
network to the farmers.
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[35] Amassmir, et | [oT based ML algorithms for minimum | Knn, SVM and ANN are used for collection of data, decision and

al water loss in auto irrigation system. sending to the farmer using the Arduino using Raspberry Pi3.
[36] S. Badotra et | Cost effective method using IoT and | Cipering is used in the communication through NodeMCU system
al Node MCU for communication purpose | based on loT and reduced the total cost of the system.

in smart irrigation system.

IV. MONITORING SYSTEM BASED ON MACHINE LEARNING

Irrigation monitoring plays a major role in the monitoring the activities and water management processes. The
monitoring mainly involves various sensing activities under the ground. The sensors collect the data based on the
temperature of the soil, moisture content in the soil, humidity, weather conditions, soil quality, pores of the soil,
etc. Growing technologies involves many sensor that helps in the monitoring system of the smart irrigation
system. The IoT systems and WSN are the network system helps to transmit the data collected from the sensors
to central hub from where the farmers get the data based on mobile applications. In order to enhance the
monitoring process, various ML and DL algorithms are used along with the IoT and WSN networks. In the
paper [37] , Google Bolt IoT and bolt WiFi , telegram and mail bot, Introgmat are used for monitoring the fields
and controlled using the rovers. The need for irrigation is classified using the Artificial Algae Algorithm (AAA)
and least squares-SVM is used in IoT based SIS in Agriculture 4.0 is proposed in the paper [38]. The overfitting
issue of ML techniques like k-mean and SVM are overcome by using the kNN algorithm for smart irrigation is
proposed in the paper [39] and concluded that accurate results are obtained. Smart Irrigation monitoring system
based on machine learning, solar modules and sensor using IoT system is presented in the paper [40] where the
authors significantly reduces the human error, managed the spill errors and damage control is done through
effective monitoring basis. The machine learning algorithms like kNN and Naives Bayes algorithm are used to
obtain the soil dryness and required water with the help of ANN for water pump automatic ON/OFF actions in
the IoT systems is explained in the paper [41]. The paper [42] uses different ML algorithms in this smart
irrigation framework, such as GBT, multiple LR, RF, decision tree and Elastic net regression methods. Water
scarcity is addressed in the paper [43] where the ML techniques are employed to collect the data on water flow
and communicate to the farmers using the IoT framework by Arduino UNO prototype model. Authors in the
paper [44] surveyed various topics of smart irrigation based on ML techniques, mobile applications, web
frameworks, and management processes that helps the farmers and researchers at a wide scale for future
development. The importance of Crop Evapotranspiration is explained in the paper [45] where authors used deep
learning networks using three-phase datasets are trained and thus help the water managers to save the water
quantity at greater level is done for the wheat plant irrigation.

V. ML AND AL METHODS IN IRRIGATION REQUIREMENT ANALYSIS

Irrigation requirement analysis is the most important part of smart irrigation system that needs various
parameters for making the decisions. The machine learning and deep learning techniques are involved in the
irrigation requirement analysis to obtain the accurate output to make the water pump function accordingly and to
estimate the future water requirement of the crops. Various ML and DL techniques are surveyed in the TABLE
IV for irrigation analysis in various platforms. The sensed data from the field is collected and sent to the cloud
server. The cloud server is the place where the irrigation analysis takes place and the action to be taken is sent to
the farmers in the IoT system. In WSN, centralized server will carry out this task. The different sensors in the
soil collects the data and the decision-making process is fixed by the ML and DL algorithms that specifies the
amount of water required. This helps a lot in the water scarcity and water shortage problems present in many
places. The irrigation requirement depends on the soil temperature, water flow parameter, moisture in the soil,
humidity in the atmosphere and soil quality based on the presence of various nutrients.

TABLE IV. IRRIGATION REQUIREMENT ANALYSIS USING ML AND AL

References Methods Inference
[46].  Senthil Kumar | Django Framework based | Ensemble learning model is used for prediction where GDD utilized for
Swami Durai, Web application is proposed | nutrient requirement prediction, image detection using DNN, pesticides

for smart farming

control has taken in the cost-effective manner.

[47] Lisa Umutoni, et al.

Reviews on Machine
learning methods in support
irrigation strategy

Various ML algorithms like KNN, RF, SVM, SVR, LR, et are analyzed
and the fair datasets used are provided based on different applications

(48]
Akkem

Yaganteeswarudu

Reviews on ML and DL
involved in Smart farming

Smart farming enhancement using difference ML algorithms like crop
selection by KNN based on kD tree method, Relief- F- Feature using
SVM, Decision Tree method involving Readable Oblique and Deep
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learning models like ELM (Extreme Learning method) and Radia basis
function are reviewed.

[49] Khadijeh | Incorporated two LSTM, | Addressing the water shortages issue, the deeply reinforcement learning
Alibabaei,et al. ANN, Convolutional Neural | models used with the two LSTMS for time series data analysis, ANN for
Network (CNN) in Irrigation | prediction and CNN for classification data to reduce the manual operation
scheduling and management | in the field that helps in the large-scale cultivations.

processes.
[50]. A. John, et al Past, Present, Future aspects | Investigation using past values, locating the objects in the present and
of Spatio- temporal data using the above data future is predicted using the spatio temporal data is

presented that reduced the complexity of time, disk access, cost
effectiveness and indexing.

VI. EVALUATION PARAMETERS ANALYSIS

Growing smart irrigation systems requires an evaluation methodology that helps to prove the proposed model in
different aspects like amount of water saved, accuracy, error, prediction accuracy, etc. The empirical formulation
helps to do the analysis that a model has to satisfy so that it can be used to vary in future generations. The
evaluation parameters as to satisfy the following questions like, “ Is the sensed data are accurate?”, “do practical
targets are met out using theoretical concepts”, “Does the resources are efficiently utilized?”, and “Are
objectives are reached?”, is explained in the paper [51] where authors also provided perceptions on irrigation
tools and techniques like direct measurements of the indicators (Quantitative and Qualitative indicators), Fuzzy
set theory based indicators using fuzzy concepts, hierarchy process analysis and geographic information systems
and remote sensing methodology. In the paper [52], irrigation system in Castilla- La Mancha in Spain is
estimated. The descriptive and informatics indicators using six Water Users Association for three different
seasons analysis is carried out for drip and sprinkler irrigation systems and the authors concluded that, Drip
based irrigation system used more water compared to the sprinkler irrigation system with the help of data from
the water management systems. The smart irrigation system mainly depends on the sensor that collects the actual
data and the farmer who is going to take necessary action based on the data provided or the automated system
responsible for the action needs to be carried on. So the system needs the human machine interaction in order to
make the action take place. In the paper [53], authors used continual learning algorithm to enhance the human
action prediction. The smart irrigation system on the other hand need to gain the knowledge of the farmer to
produce efficient and quality yielding in the crop cultivation. This requires human machine interaction study to
gain the knowledge of the farmers. The spatio- temporal data plays a vital role in the real-time data collection in
sensor networks. It collects the required data in space and time domain. The collected data requires indexing and
query addressing system which is proposed in the paper [54]. The smart irrigation system requires the spatio-
temporal data for collecting irrigation parameters on real time basis and to address the queries and indexing in
the farmer side is most required activity. As discussed above, the crop evapotranspiration parameter is very
important in the auto irrigation system to compare various irrigation techniques. Many IoT system collects the
data from the soil helps to calculate this parameter. The Soil moisture content and the crop evapotranspiration
strategy in IoT based soil monitoring system is presented in the paper [55] where the authors shown 12.05%
increment in the crop yield of sweet corn and 11% improvement in the crop evapotranspiration parameter
compared to the conventional method.

VII. CONCLUSION

SURVEY DONE

18% 5% 12%

| N
>

9% [
29%
9%
16%
® Framework Multi Crop ® Framework-Single-Crop
Hybrid techniques Monitoring Methods

m [rrigation Requirements = Evaluation Parameters

= Survey

Fig.1. Topics Covered in Survey
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This paper surveyed various topics on smart irrigation systems to encourage research to enhance agriculture
activities. The various types of irrigation types and their applications are reviewed. The need for smart irrigation
and the support system that is required for a successful framework are explained from the author’s perspectives.
Fig.1. shows the percentage of topics covered in the survey in the smart irrigation system. It is found that
machine learning techniques are finding more place in the smart irrigation system as it increases the accuracy of
the model. The IoT system and WSN network help the smart farming and irrigation operation without the labor
presence in the field. This reduces the labor work and make them to develop agriculture in different aspects.
Hybrid techniques yielding more profit in terms of reducing water usage in the field and also optimize the water
usage based on the crop dependency in the mutli-cropping methods. The monitoring and irrigation requirement
analysis survey are done, where the intervention of machine learning takes place for decision-making processes.
The main objective of smart irrigation is to address the water scarcity issue and to enhance agriculture with
minimal water usage, the new technologies efficiently face those objectives. At the end, evaluation parameters
are given more importance that various parameters used for irrigation analysis are surveyed and presented.
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