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 The conventional system of irrigation how efficient and well managed it may 
be wastes up to 50% of the water supplied. Purpose of this paper is to provide 
a user-oriented and standalone irrigation solution for soil monitoring and water 
conservation, based on network of sensor. Using the input from the user  

the system will act automatically. It not only reduce the water waste but also 
is cost efficient and easy to operate. Different parameters like soil moisture, 
temperature and humidity are imported in order to calculate the efficient 
quantity of water needed. This system uses different sensors like soil moisture 
sensor, humidity sensor and temperature sensor to take required data. In this 
paper, the proposed project uses sensor having low power consumption 
reducing load overall. The system also stores the input and uses it for 
forecasting. The concept of IoT is implied in this paper. The control of motors 

are automated powered by solar panels. The data is stored in table format.  
All data is accessible via internet. This system can help the user to gain vital 
data about the fields irrespective of the weather condition. 
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1. INTRODUCTION  

Agriculture provides employment to more than 50% of Indian population yet it is treated inferiorly. 

India is touching sky in innovation and development fields, still the very need of our survival, agriculture is 

carried out by ancient methods. There is a reason to this slow paced development of the agricultural sector. 
Farmers do not tend to have complete faith on the modern day automated techniques. As most of the automated 

bots tend to ignore the farmers own experience and understanding of his land and agricultural practices thereby 

rendering unsatisfactory results. One such application in the field of agriculture is irrigation, which can be 

monitored by a sensor network and automated operation using a controller of a water delivery system. Despite 

continuous advancement, irrigation in many places of the India is a manual process driven by conventional 

methods because of higher costs or tough operating systems of the advanced irrigation. In Conventional 

System, Water is uniformly fed to the farm fields. Also, the user has to manually switch off the pump. This 

often results in excessive or insufficient delivery of water Irrigation plays an important role in agriculture 

therefore accurate and precise pumping of water is required depending upon the fields and crops sensitivity. 

Moreover, this leads to huge loss of electricity and water if not carefully monitored. Therefore, clean and 

renewable energy sources are being deployed in agricultural fields as well [1]. Digitization of the physical 

world is fundamentally changing industries by integrating sensor networks. So, a Sensor-based decision 
support and automated infrastructure control can be helpful in minimizing manual intervention [2].  

In irrigation, digital data driven decisions can enable a sustainable use of water and reduce the burden of users 
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too [3]. Irrigation systems that involves sensor network data with automatic control can lead to dynamic 

operation that adapts to the environment in real time as new data are input by the system through the sensor 

network therefore making embedded system based irrigation technique quite fascinating [4]. Microcontrollers 

take the burden of analyzing the conditions by the user, and even their mechanical effort is reduced by using 

relay triggered by these controllers. These microcontrollers/microprocessors collect real time sophisticated 

analogous data from the sensors and convert them to readable byte code and then use this data for processing 

the tasks, Raspberry pi is one such microprocessor which has changed the course of technology because of its 

compact size and amazing processing power and functionality [5, 6]. 
With the advent and growth of Internet of Things (IoT) irrigation techniques are also becoming very 

modernized. IoT is not just a medium of communication between the machine and the server but it also is 

connecting the farmer’s agricultural techniques with the world [7]. The data fetched by the sensors and  

the kind of action taken by the processor can be monitored and controlled by the user according to his 

requirement thereby making the machine process a bit more flexible based on the real time data received [8]. 

IoT provides a medium of wireless communication over large areas thereby bringing the control over  

the machine on fingertips from anywhere across the world [9]. IoT communicates with the cloud thereby 

storing the data it receives by the processor into the database provided in the cloud memory which can be 

constantly viewed in real time or later through the cloud domain [10, 11]. The IoT module can communicate 

with the controller in a bidirectional way or two-way communication channel, i.e. Universal Asynchronous 

Receiver/Transmitter (UART) channel. This two-way communication can be very helpful for the processor to 

take decisions based on data sent to it by the IoT module. IoT module can collect data from the client site which 
can be a task or an action required to be taken by the processor [12]. The data is classified depending upon  

the IP address for which it has been sent accordingly the IoT module sends data to the concerned machine  

[13-15]. There are numerous techniques of creating an automated or smart irrigation techniques using sensors 

and backed up by IoT to provide for communication [16-25]. But the major drawback of most of these systems 

are that they are completely dependent on the sensors data which might be correct to certain extent but  

the sensors cannot be hundred percent efficient every time moreover irrigation is a thing which is land and crop 

specific hence complete automation will lead to unwanted extra loss of water sometimes and may also lead to 

extreme consumption of energy from the grid thereby making it a very costly affair.  The proposed work aims 

at creating a semi-autonomous irrigation system which: 

a) Utilizes clean and green energy resource for operating, i.e. solar power in this case as it is easily available 

and is capable of supplying power to the system efficiently. 
b) Uses sensors data to monitor the soil and environment to help the user to take the decision of pumping 

water. 

c) Uses IoT to establish a source of communication between the user and the system and also displays  

the sensors data online. 

d) Stores the sensors data and the user’s response into a Sql database which can be analyzed later using  

the raspberry code and forecasting the action of the machine depending upon user’s previous action to 

similar condition. 
 

 

2. PROPOSED SCHEME 
In this paper, an automated irrigation system is to be developed to optimize water usage for 

agricultural crops by monitoring soil. The adoption of sensors for water management in agriculture has received 

an increasing attention with reference to the irrigation optimization and control. The system has a distributed 

network of soil-moisture and temperature sensors placed in the root zone of the plants, along with rain sensors 

placed at various zones. All the sensor information and data is acquired and transmitted to the microcontroller. 

An algorithm will be developed with threshold values of temperature and soil moisture that is to be 

programmed into a microcontroller-based gateway to control water quantity pumped to the fields. Based on 

rain sensors data, control is given via an IoT module to the user to stop or start the flow of water if necessary. 

The actions taken by the user in the given sensor states are stored in a database created using Python, so that 
the system can use the user’s action to make future decisions when user input is unavailable. The adoption of 

sensors for water management in agriculture has received an increasing attention with reference to the irrigation 

optimization and control. The system has a distributed network of soil-moisture and temperature sensors placed 

in the root zone of the plants, along with rain sensors placed at various zones. All the sensor information and 

data is acquired and transmitted to the microcontroller. An algorithm will be developed with threshold values 

of temperature and soil moisture that is to be programmed into a microcontroller-based gateway to control 

water quantity pumped to the fields. Based on rain sensors data, control is given via an IoT module to the user 

to stop or start the flow of water if necessary. The actions taken by the user in the given sensor states are stored 

in a database created using SQL, so that the system can use the users’ action to make future decisions when 
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user input is unavailable. Being an autonomous at the same time controlled method using solar power for 

irrigation it is very economical smart and efficient technique. 

 

2.1.   Methodology 
In our proposed system Raspberry pi is used as a controller. A Python Script is run on the Raspberry 

Pi, to code so that it reads the input parameters and proceed with the other operations. The python script will 

repeatedly retrieve the digital data from the MSP. It is also responsible for sending the data to IoT module, 

which sends the information to the user. SQLite is also used to store the database and user response by  

the Raspberry Pi. This database is used to forecast Raspberry response in case there is no user input. This 

database is also uploaded on the online server code so that it can be fetched by the user in future to check 
previous responses. This makes the system intelligent and precise There are three sensors connected to  

the Raspberry Pi. These sensors will take in different data such as temperature humidity and soil moisture.  

The functions and working of each sensor are explained below in this paper. In the proposed work, the sensor 

used for to obtain data on the soil and weather paper are soil moisture sensor used is LM393.  

It has a MSP connected to it, which converts analog readings to discrete. It consists of two soil probes 

consist of two thin copper strips each of around 5 cm length which is to be immersed into the soil for soil 

moisture readings. The strips give a voltage output according to the conductivity of soil. The soil between  

the strips works as a variable resistance whose value depends upon moisture content material in soil. This 

variable resistance helps in calculating the readings in terms of analog voltage. This analog output is converted 

to digital form by the MSP. Humidity sensor is used in calculating the water content in the atmosphere. There 

are various reasons for which the humidity sensor can be helpful for this paper. Humidity in air also helps in 
predicting the rain sometimes. Mainly there are three types of humidity sensors: Capacitive, Resistive and 

Thermal. They detect the change in conductivity in the atmosphere and find the correspondence humidity.  

The temperature sensor used for this paper is LM35. It provides a precise centigrade temperature. Since  

the water soil of any type of soil depends on temperature too, it is necessary to find the temperature. The Pin 

diagram of the sensor is shown in Figure 1. The MCP model used for this paper is MCP3008. It is an 8-channel 

10bit analog to digital converter (ADC) which uses the SPI bus protocol and obtains analog inputs for  

the Raspberry Pi. It has 8 analog inputs and it engages only four pins of Raspberry Pi except the power and 

ground pins. The following is the pin diagram of the MCP. CH0-CH-7 are the input pins for the analog signal, 

whereas the PIN 9-16 have different functions. DOUT and DIN are the two pins connected to the Raspberry Pi, 

used for sending and receiving data. CLK is used for giving the clock signal. The input power is obtained from 

Solar Energy. The Power supply is the general solar power circuit which consists: 

a) Solar Panel  
b) DC-DC Converter 

c) Battery 

An Auxiliary power source from grid is also kept as backup in case of bad weather conditions or if 

the solar power is not sufficient enough to run the system. An IoT module is a little electronic gadget installed 

in items, machines and things that interface with remote systems and sends and gets information. Some of  

the time alluded to as a "radio chip", the IoT module contains a similar innovation and information circuits 

found in cell phones however without highlights like a presentation or keypad. Another key differentiator of 

IoT modules is that they give dependably on network. This is on the grounds that IoT applications need to send 

information naturally, continuously without somebody hitting a send catch. Furthermore, they are designed for 

outrageous sturdiness and life span and need to work constantly for 10 years or more to legitimize the business 

case and cost of the innovation. It communicates with the Raspberry pi through the UART channel in a  
two-way medium. Python is an exceptionally helpful programming language that has a simple to peruse 

sentence structure, and enables developers to utilize less lines of code than would be conceivable in dialects, 

for example, get together, C, or Java. The Python programming language really began as a scripting language 

for Linux. Python programs are like shell contents in that the documents contain a progression of directions 

that the PC executes start to finish. This is the default language that accompanies the Raspberrian OS. SQLite 

is a social database the board framework contained in a C programming library. Rather than numerous others 

database the board frameworks, SQLite isn't a client-server database motor. Or maybe, it is inserted into  

the end program. SQLite is an inserted SQL database motor. Dissimilar to most other SQL databases, SQLite 

does not have a different server process. SQLite peruses and composes legitimately to conventional circle 

records. A total SQL database with numerous tables, lists, triggers, and perspectives, is contained in a solitary 

circle record. The database record design is cross-stage - you can openly duplicate a database between 32-bit 

and 64-bit frameworks or between enormous endian and little-endian structures. These highlights settle on 
SQLite a well-known decision as an Application File Format. SQLite database documents are a prescribed 

stockpiling design by the US Library of Congress. Consider SQLite not as a trade for Oracle but rather as a 

substitution for fopen (). Relay is an electromagnetic switch worked by a moderately little electric flow that 
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can switch on or off a lot bigger electric flow. The core of a transfer is an electromagnet (a loop of wire that 

turns into an impermanent magnet when power courses through it). It is a kind of electrical lever: switch it on 

with a modest flow of current and it switches on ("influences") another apparatus utilizing a lot greater current. 

The water pumping system is solar powered. It is connected with a relay which acts as a switch between  

the Raspberry Pi and the motor. When the relay is triggered by the Raspberry Pi, It commands the motor to 

run. The power circuit is used to charge the dc source battery which is used to power the Raspberry pi module 

along with the sensors networks and the water pump. The power circuit comprises of solar panel and dc-dc 

converter, the panel rating depends upon the number of components connected to the raspberry pi. 

 
2.2. Operational strategy 

Once the pi is powered up the sensors get activated and start accumulating data from the soil contents 

and weather. The sensors namely soil moisture, humidity and temperature sensors (Figure 2), which are analog 

sensors are constantly receiving the values from the surrounding environment. A delay is introduced in the 

process of reading sensor values so as to minimize the consumption of memory for data storage and moreover 

a delayed reading would give a more approximate value rather than constantly fluctuating data. This data is 

converted from analog to digital using MCP3008 which is an analog to digital converter based on successive 

approximation technique; it converts the analog voltage values received from the sensors to its digital 
counterparts so that it can be interpreted by the Raspberry pi. Raspberry pi having a good processing speed of 

about 1.2 GHz and RAM of about 1 GB suits perfectly for our application as we can continuously communicate 

with the sensors with SPI protocol and IoT module using UART channel continuously. The sensor data after 

being processed by the ADC is received by the Raspberry Pi. The Raspberry pi has been loaded with  

the Raspberrian OS to provide a GUI and operating platform for the operation and control of  

the microprocessor. Using the console, the required files are installed i.e. Python which is by default present is 

upgraded, MYSQL for database creation, IoT module interface etc. Once the files are updated and ready  

to operate.  

In this work Python is used for coding the Raspberry Pi, as it is Object Oriented, easy to code and 

available in the Raspberrian OS by default. The Pi is coded so as to receive all the data from the ADC and it 

transfers these data to the server by communicating via the IoT module. Further depending on the soil 

conditions and his experience the user will decide whether the conditions are suitable for pumping water or 
not. This decision of the user is first recorded at the client side then sent to the server side and from there it is 

transferred back to the Raspberry Pi via the IoT module depending on the I.p. address mentioned, as it is a  

two-way communication channel. The data from the sensors and the user’s action in its response is stored into 

the SQL database, when the user input is unavailable for more than half an hour the present sensor conditions 

are compared with the data stored in the database and whichever value is found to be near to the current data 

the action corresponding to that situation is carried out. This is done by retrieving the values from the database 

and storing each value in a unique object, finally these objects are stored into an array of objects. Finally,  

the current object variables are compared with the previous objects by iterating through the array. Whenever 

the value is found to be close to any previous objects value it gives the action corresponding to that state. 

Thereby making the system semi-autonomous. the table will contain the data for the given parameters.  

The data will be taken in from the sensors after a given interval of time. Each time the user will receive 
information regarding the data collected and will be asked for an input whether or not to release the water to 

the fields. If the user responds in favour of letting the water in the fields then it will be done so and if not then 

there will be no work done by the motors. In case the user is unable to send a response within a given interval 

of time, the Raspberry Pi will use machine learning algorithm to find previous condition similar to the present 

one and will act according to the action proposed by the user that time. If the Raspberry Pi is unable to find a 

suitable condition it will ask the user for another response and will continue to wait for it. The sample table of 

the database and its working as shown in Tables 1 and 2. 

In the Tables 1 and 2 sets of databases, the Raspberry Pi doesn’t receive any response from the user 

whether to run the motor or not. So, it compares the obtained readings from the previous inputs from the sensors 

to the corresponding user input. It tries to find the similar sensor input from the previous data and uses it 

corresponding user input as the user input for the current conditions. 
 

 

Table 1. Automatic action undertaken when no user input was found for a specified time 
Time Interval Temperature Humidity Soil moisture User input 

1 30.2 39% 37.4% no 

2 33.5 40% 35.2% yes 

3 31.1 37% 40% no 

4 30.4 39% 38.2% no 

5 29.8 39.4% 39.4% no 
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Table 2. Analyzed data 
Time Interval Temperature Humidity Soil moisture User input 

1 30.2 39% 37.4% no 

2 33.5 40% 35.2% yes 

3 31.1 37% 40% no 

4 30.4 39% 38.2% no 

5 29.8 39.4% 39.4% no 

6 30.1 38.1% 35.4% -(yes) 

 

 

 
 

Figure 1. The block diagram for the paper 

 

 

 
 

Figure 2. Flow chart 
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3. RESULTS AND DISCUSSION 

The system is tested for in a prototype container containing soil and a flower plant. The sensors are 

continuously monitoring the soil conditions and environment for the crop. The users input are also constantly 

fed to the portal for different conditions these actions get stored in the database after feeding some values  

the system is tested to run under the similar conditions but without the users input this time. The system 

autonomously follows the previous actions fed by the user to the system. The login page allows the user to 

have security and access is not open for public. Different login pages can be setup for different iots accordingly 

so that if the farmer uses multiple systems can keep track of all using a single site. This increases the security 
of our system and helps the farmer in management of wide area crops. The test on a prototype as shown in 

Figure 3-6. 

Log 1 indicates the temperature in oC, soil moisture and humidity. It is being stored in the cloud for 

future reference. This will help us to use the data later on for forecasting purposes. The data is easily accessible 

using the internet. Farmers can check at what time of the day water level was high or low and accordingly can 

set the pump on or off. No of devices to be connected can vary and be controlled via the Internet itself. Here 

the hardware prototype is shown as assembled. There a raspberry pie’s gpiu is set to board mode. All the 

sensors are connected to MCP3008 and it is connected to the raspberry pie. It is the ADC required to convert 

the analog signal coming from the sensors to digital signal. This digital signal is sent to the raspberry pie using 

serial communication interface. This data once received is then sent to the IoT module connected. This uses 

UART communication and is stored in the cloud. This Iot module also helps us to receive the signal from  

the user to start or stop the motor. This model will be useful for the farmers to keep a check on their crop land 
via IoT and will enable them to take on spot decisions regarding their plans for their crops. This will reduce 

the burden on the farmers to regularly go on to their fields during bad weather conditions. This will also enable 

the farmer to control over or under irrigation of their land. This will help the farmers to control their water 

supply more fruitfully and will reduce wastage. The time will be cut short using this method as compared to 

the conventional ones. The power supply is renewable so it reduces the load on the grid. Water conservation is 

high as compared to previous methods as here users control over the system maintains an order.  

 

 

 
 

Figure 3. Home page 
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Figure 4. Data being logged 

 

 

 
 

Figure 5. The digital control 
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Figure 6. Hardware prototype assembly 

 

 

4. CONCLUSION 
Conserving water and electricity in the agricultural sector is the need of the hour. In this paper a sensor 

based technique for analyzing the conditions for irrigation, makes the process more controllable by rendering 

real time data to the processor making the process reliable as it is less manual. The sensor data was successfully 

transferred to the cloud storage to be viewed online and the user data could be accepted. The user action along 

with the sensor data is fed to the Sql database and further when user input is unavailable the processor is made 

to follow the pattern suggested by the user through his previous inputs for similar conditions. 
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