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Abstract 
 
In India, agriculture is the basis of employment for a huge number of people 

and has a bigger influence on the economy of country. Farmers are the 

financial resources for most of the country‟s development. But farmers are 

facing lot of challenges in agricultural land. The main intention of this 

research work is to focus on one of the main challenges in irrigation. The 

monitoring of water level in agriculture land is a risky factor it directly 

affects the growth of plant thereby the production is disturbed. To keep track 

of temperature, humidity and soil‟s moisture content the sensors are used to 

obtain the data and the model is trained to automatically switch the pump 

on/off. When soil moisture gets low or dry, the pump starts watering the 

crops up to the requirement of the crop. The main idea of the proposed work 

is to reduce water usage and power consumption which in turn will lead to 

effective use of other resources resulting maximum yield to the farmers. 
 

Key words: soil moisture, temperature, humidity, smart irrigation, Energy 

and Water Management. 
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1 Introduction 
 

Agriculture is the occupation which is highly practiced by families of 

India. It requires plenty of hard work and time for its best output. It even 

needs the better planning and execution in terms of growing crops in certain 

seasons. Minimum requirements of it are water, soil and seeds. Maximum 

requirement is not limited. Latest technologies have brought many drastic 

developments. Modernization in agriculture is optimizing the agricultural 

needs [12]. Chemical fertilizers, soil quality testing is providing the essential 

nutrients to the soil. Pesticides, fungicides are helping crops to grow in a 

protective environment from many kinds of disease- causing pests and 

fungus. This way agriculture is improved day by day. 

Dependence of Indian farmers on monsoons and electricity has increased 

but its optimal use is not being concentrated. Farmers are required to go to 

fields every day for looking up the crops [8]. They will many times spend 

even in the nights. The flow of water in the agricultural land is the important 

feature need to be concentrated because it will be more or less sometimes. In 

the either cases it will reduce the crops yield. For this optimal flow of water 

is required. As observed till now there are no such methods which will use all 

the aspects of environment to flow the water automatically [9]. So, the 

foremost purpose of this research work is to frame a methodology using all 

the aspects such as humidity, moisture, temperatures for it. In this work the 

humidity, moisture and temperatures sensors are used for getting the data. By 

getting these data from the agricultural fields data processing and training are 

done using some standard procedures to get the optimized output for 

watering in the land [14]. 

This paper deals with the topics like survey from existing papers, 

methodology of the proposed work, execution of the task, results achieved 

after implementation and the conclusion of the work. 

 

2 Literature Survey 
 

In paper [1], the author Abdel madjid Saad et al proposed a method for 

water management in agriculture. The implementation system the authors 

used for irrigation in agriculture is by having the sensors deployed in 

agricultural fields with actuators to analyze the required water for crops. The 

sensors recorded the temperature, humidity in and around the crops and using 

these data the sprinklers let water to the crops, until it reached certain 

threshold values. The system was reduced to small fields and reduced 

efficiency as it did not involve much analyzing. In paper [2], Jinyu Chen et al 

proposed a methodology for intelligent agriculture built on IoT architecture. 

In this proposed system 4 main technologies were designed and used: Quick 

Response (QR) Code, sensor technology, embedded system and RFID 

technology. QR code provides the details in the form of Quick Response.  
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 [2,7] In RFID technology the radio frequency is combined with 

embedded technology to diminish its size and cost. 

Carlos Daniel Lopez et al [3] proposed a method to optimize energy and  

water consumption in agricultural land. The Crop water stress index (CWSI)-

based irrigation system was used that designs path for UAV‟s to minimize 

the quantity of water and energy for farming. Appropriate example given in 

this work is VRI (Variable Rate Irrigation) optimization by Crop Metrics, 

which is based on soil variability to improve the usage of water efficiently. 

This advanced system produced better results compared to other irrigation 

systems with 30% more saving in resources, but the whole system was 

considered a bit costly. In another paper [4] Norashikin M. Thamrin et al 

proposed system. Vertical Farming are usually implemented in urban areas 

where large fields are not seen. The plants will be in a controlled 

environment which reduces resource consumption. Through this production 

is increased in multiple levels and overall field area is reduced. Human 

interaction will also be reduced as the IoT-connected devices take care of 

most of the things. The resource consumption is 40% less and water usage is 

reduced up to 99% compared to traditional farming. 

Sheetal Vatari et al [5] carries the statement that the crops grown in the 

house are not affected by atmosphere. The crop yield under such 

environment depends on the precision of monitoring systems, ventilation 

systems etc., which are required to ensure proper surrounding for crops. An 

IoT-system is used to keep track of the greenhouses where nodes are used to 

measure various factors like pressure, light, humidity and temperature. The 

crops that are typically grown in firm parts of the world are now being grown 

everyplace as the environment for any crops can be created. In paper [6], the 

author implemented a methodology to monitor the water quality for crab 

farming which provides awareness to a farmer for knowing the amount of 

water in the pond. 

 

3 Methodology 
 

The implementation of the proposed work is described in the below 

diagram Figure 1. 

 
Figure 1: Architecture diagram 

 

https://ieeexplore.ieee.org/document/8921148/
https://ieeexplore.ieee.org/author/37086063774
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a. Collection of data from fields: Data from the fields are collected 

from temperature, humidity and moisture sensors into a excel or csv file with 

column headers having a crop column in it. Crop details will be stored by the 

program into excel and the input to the program should be given by the user. 

b. Data pre-processing: The data which is collected should be 

processed, cleaned and redundancies must be removed. So, the program will 

take the data remove the extra decimal values of sensors, delete the 

redundancies and place the data back into excel. 

c. Training model: The model will be trained from the standard and 

optimal conditions for a particular plant from online resources or agricultural 

departments. A column is created for flag values whether the condition is 

optimal or not. 

d. Testing model: The data is given to the final code which takes 

the data and prepares the test model which has the predicted optimal flag 

values. This dataset will be used for further use of validation. 

e. Output: Output of the test dataset will be stored in separate csv 

file. 

f. Measure the accuracy of model: By using the train and test 

dataset the accuracy can be calculated and the classification report can be 

obtained through confusion matrix. 

The pictorial representation of how the sensors are connected with 

Arduino is shown in Figure 2 

 
Figure 2: Sensors connection with Arduino 

 

As can be seen in Fig.2, initially the sensor‟s data which is obtained from 

the sensors is taken by the Bluetooth module. The temperature sensor, 

moisture sensor, humidity sensor values are sent to the system on to console 

of Arduino [9]. Using Tera Term software, the sensor collected data are 

saved directly into csv file.  
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When the value which is calculated for particular interval is less/more 

than the threshold values set for a particular kind of plant, the Arduino micro 

controller triggers the motor to pump water through a pipe to the plant. After 

some interval when the values from the sensor coming is satisfied with the 

threshold values, the Arduino micro controller switches off the motor by the 

relay automatically [11]. 

The system contains 3 sensors, the temperature sensor, humidity sensor 

and moisture sensor. The moisture sensor is kept in the soil and the value will 

be converted into percentage form. Now according to the plant, the minimum 

percentage of moisture required needs to be fixed. The temperature sensor is 

connected on bread board. The readings from the temperature sensor is 

compared with the threshold. If the temperature is much more than expected, 

then Arduino micro controller triggers the pump to water the plant. At last, 

there is a humidity sensor. The value from humidity sensor is converted into 

percentages and according to the threshold it will check to trigger the motor 

through Arduino code or not [13]. 

The connections must be appropriately connected so that no component 

gets burnt or spoilt and provide the error data. Bluetooth LE HC-05 module 

must be connected to 3.3 V instead of 5 V as there were scenarios before that 

the module gets overloaded with voltage. The temperature sensor must be 

connected properly to ground and VCC to its pins respectfully. If not, the 

sensor gets heated very quickly and might not give proper sensor values, 

which is not at all favorable for automatic gardening as well. Humidity 

sensor must be connected similarly as temperature sensor, connecting with 

the VCC, ground to its pins respectfully. 

 

4 Implementation 
 

The proposed work is implemented in two steps: 

i. Collecting the data from fields 

ii. Building the Model 

 

4.1 Dataset Collection 
 

The value of temperature can be obtained by reading the data from 

sensor, then it needs to be converted into analog by using the formula (1) 

reading=analogRead (kPinTemp)                                                  (1)  

where kPinTemp is the pin which is connected to the temperature sensor. 

Then the obtained value needs to be converted into Celsius by using the 

below formula (2) 

Temperature (in degrees Celsius) = reading/2.048              (2) 

The humidity i.e. relative humidity (RH)can be calculated by using the 

formula (3)  

Humidity=dht.readHumidity()                                                                 (3) 



                                                                                                                  
 

 

 

 

 

 
3355 PE Rubini et.al 

 

4.2 Building the Model 
 

The model chosen to implement is the Random Forest Classifier. 

Random forest is known for best classification technique. Random forest, as 

the name suggests, it consists of a huge number of individual decision trees 

that operate as an ensemble, which is a process of merging many classifiers 

to resolve an intricate problem and to enhance the performance of the model. 

Each individual tree in the random forest gives out a class prediction and the 

class with the most votes becomes model‟s prediction as shown in the below  

diagram Figure 3. 

 

 
Figure 3: Random Forest Classifier Source: www.tutorialspoint.com[15] 

 

The random forest algorithm can be implemented in two stages. 

i. Random forest creation 

ii. Random forest prediction 

First the creation of random forest needs to be done and then the 

prediction will perform from the created random forest classifier. 

 

4.2.1 Random Forest Pseudocode 
 

The steps for random forest algorithm are written below:              

a. Choose “m” features randomly from total “n” features. Where 

m<< n 

b. Between the “m” features, find the node “s” using the best split 

point. “s” is the root node. 

c. Split the node further based on the best split. 

d. Repeat the steps 1 to 3 until “l” number of nodes has been found. 

e. Next step is to build forest by repeating steps 1 to 4 for as many 

numbers of times to create “n” number of trees. 

 

 

 

 

https://en.wikipedia.org/wiki/Ensemble_learning
http://www.tutorialspoint.com/
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4.2.2 Random Forest Prediction Pseudocode 
 

a. Prediction can be performed using the below steps. 

b. The test data is passed to the model which uses the rules of each 

randomly created decision tree to predict the outcome and the predicted 

outcome is stored. 

c. Compute the votes for each predicted outcome. 

d. The highest voted outcome is the final prediction from the 

random forest algorithm. 

Suppose there are 100 estimators in the random forest, and 60 decision 

trees predicting the outcome for watering the plants while 40 decision trees 

predicting not to water the plants. Then the highest prediction of 60 votes to 

water the plants will be considered as output. 

 

5 Results and Discussion 
 

The whole data is divided into train dataset, test dataset and validation 

dataset. The model is processed with the training set which procures a testing 

accuracy of 93.7%. The results of recall, precision and F1 are obtained to get 

a more clear and better analysis as shown in Table 1. Precision is the ratio of 

accurately predicted true classifications over the total predicted true 

classifications. Recall shows the rightly predicted true classifications over all 

the classifications of the actual class. F1 Score is the weighted average of the 

recall and also precision. 

 
Table 1: Precision, Recall, F1 Score, Support 

Metrics/Class 

label 

precision Recall F1-Score Support 

0.0 0.96 0.97 0.97 915 

1.0 0.64 0.59 0.61 85 

Micro avg 0.94 0.94 0.94 1000 

Macro avg 0.80 0.78 0.79 1000 

Weighted avg 0.93 0.94 0.94 1000 

To reproduce the envision over the execution of the model confusion 

matrix have been utilized. From confusion matrix, it is very easy to figure out 

the class providing better accuracy and worst accuracy as shown in Figure 4. 

At last, the trained model is tested with test data. The individual data input is 

taken to predict whether to pump water or not. 

 

 
Figure 4: Confusion Matrix 
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In Figure 5 and 6 shows the connection of moisture sensor in the soil and 

Figure 7 shows the motor automatically pumps the water based on the 

moisture level in the soil. 

 

 
Figure 5: Connecting the moisture sensor to the soil 

 

 
Figure 6: Moisture sensor in the plant soil 

 

 
Figure 7: The motor automatically starts to pump the water 
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6 Conclusion 
 

This research work comprises a modern design technique to observe and 

regulate the moisture level of soil, temperature and humidity by means of 

their respective sensors. The wide-range of tools that are needed to build any 

measurement or control application in dramatically less time is a difficult 

task and it is made possible in the proposed work. The system is reasonable 

and cost effective for improving water resources and power consumption in 

any small-scale agricultural sectors. By the implementation of apps in mobile 

[10], a person can monitor and operate the irrigation system at a far place. 

Therefore, the manual work of human is much reduced and farmers are able 

to use much less water for planting a crop and enhance the productivity. For 

further enhancement of this work, it can be propagated to larger land cover. 
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