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Abstract— The presence of Nitrogen (N), Phosphorus (P),
and Potassium (K) in the soil is estimated and identified
utilizing a device called an optical transducer. This sort of
transducer is utilized to decide the amount of each of these
elements additionally required as external supplements to
the soil for soil richness. This assists by improving soil
quality and reduce the utilization of fertilizers that are not
required. The incident light of every supplement chooses
the example's N, P, and K value. The optical transducer is
executed as a light source with three LEDs and a
photodiode as a detecting component in a recognition
sensor. The frequencies of LEDs are picked to compare to
every supplement's retention band. The supplement retains
the light from the LED, which is then changed by the
photodiode. Since the gadget gathers information utilizing
a Boltduino microcontroller, the information from the
transducer is sent to the cloud for processing with the help
of IoT technology. This Design used blockchain technology
and data management to render fertilizer sales only when
the field's NPK levels are low. Here made a Decentralized
app (Graphical user Interface) at PoS, point of sale. Since
it is linked to the cloud and uses blockchain technology,
promise transparency at its best. As a result, every penny
of fertilizer subsidy provided by the government benefits
farmers. It also cuts down on the amount of fertilizer
generated, supplied, and used. Hence soils are saved from
overuse of fertilizers and groundwater nitrogen pollution is
reduced.
Keywords— NPK, Optical transducer, Internet of things,
Decentralized app, Blockchain
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INTRODUCTION

There are many nutrients in the soil. Among them, NPK
levels (Nitrogen, phosphorous and potassium) are mainly
used for plant growth. Nitrogen helps the plant grow in its
roots and below parts, Potassium is used by plants to grow
their leaves and Phosphorous to grow the stems and
branches. An agricultural system that offers a thorough
strategy to address the soil variability in order to increase
profitability, optimize output, and enhance the quality of
production [1]. Every crop should be rich in those nutrients,
to make the farmers or owners get a better yield and to win
their daily bread. And also, can see that many scams taking
place regarding subsidies. This is the motivation for this
work, so came up with a new idea that saves the pockets of
the farmers and implemented it in the form of this model.
The previous researchers and scientists found many different
ways to calculate the NPK levels. After a lot of research, it is
found that best way to calculate the NPK levels from the soil
is by using a special sensor named Optical transducer [2].
These values are again sent into the cloud so that they can

further be used for the determination of fertilizer amount
using a microcontroller. These values are again examined
and compared with the threshold values of the ideal soil. And
after comparison, these are sent into webpage which is built
using Blockchain Technology. The main reason behind the
usage of blockchain technology is that it is secure and
transparent to everyone. So, developed a decentralized
application (Dapp) that estimates the required fertilizer
amount for the soil. By this, can reduce the cost of fertilizers
to a farmer as going to provide them with the required
proportion. Precision farming creates a network of "smart
farms" by fusing the Internet of Things with blockchain. This
combination results in increased independence and
adaptability [3]. Blockchain has quickly emerged as a crucial
technology in several applications for precision agriculture.
Researchers are thinking about creating blockchain-based
IoT systems for precision agriculture since smart peer-topeer systems are needed for monitoring, securing, and
analyzing agricultural data. In order to convert agricultural
data from traditional ways of storing, sorting, and
distribution into a digital format that is more trustworthy,
irreversible, transparent, and decentralized, blockchain
technology is essential. Next section explains the
methodology along with experimental setup and section III
describes the result analysis and finally future scope is given.
II.

METHODOLOGY

The overview of the components is discussed below. The
main and heart of project is the optical transducer. It is
nothing but a combination of a light transmission system
and a light detection system.

Figure 1:Block Diagram of Optical Transducer connected to
Microcontroller[4]
The light transmission system mainly consists of 3 LEDs,
Red, Blue and Green. The main reason behind the usage of
these colours is that the wavelengths of these are nearly
equal to wavelengths of Nitrogen, Phosphorous and
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Potassium. The Blue LED wavelength is nearer to Nitrogen,
the Green LED wavelength is nearer to Phosphorous and the
Orange or Red LED wavelength is nearer to Potassium
which is shown in below Table-1 which shows the
respective nutrient absorption wavelengths and LEDs
wavelength in nanometers (nm).

Table-1: Optical characteristics of NPK and LEDs[3]
The light detection system, uses a photodiode as receiver
which collects the light rays [5]. It is connected to the
microcontroller as per the block diagram as shown in figure1. The photodiode is a type of sensor that collects the light
rays and sends them to microcontroller which is Arduino for
the next steps.
The Arduino is connected to various components like
photosensor diode module, LEDs, IDE from laptop etc.,
which are shown in figure-2 below. This Arduino takes the
readings from the photodiode and displays them on its
integrated development environment (IDE) as shown in
figure-2.

continuous values of the voltages on the console screen. It
will be an advantage if all the Optical transducer system is
soldered properly. It reduces the error probability.
It was observed and noted those records in the form of a
table. The average or mean value is calculated of those
values to get the best value as output. The mean value is
again compared to the threshold values of the ideal soil
which is already calculated. The practical implementation of
the optical transducer system and Arduino is shown in
figure-3 below. Now have the NPK values. So, next step is
to push or store the values into the cloud. For this work used
the BoltIot kit for the implementation of IoT in the project
[8]. The NPK values from the Arduino have been collected
by the Boltduino and have to do some setup initially. First,
need to connect the Boltduino to the device in which we are
going to use Boltduino IDE. When the Boltduino is
successfully connected to the device, the Blue LED light on
the Boltduino blinks.

Figure 3: Practical Implementation of Optical transducer
and Arduino UNO

Figure 2: Arduino UNO with connected components
After that, Arduino is again connected to Boltduino which
helps us to push the data into the cloud. The main reason
behind the usage of the BoltIot Kit is that it has an in-built
Wi-Fi module [6]. It has its IDE (Integrated Development
Environment) where it can code and execute. Using this, can
able to integrate different tools and devices into it. This is
again connected to blockchain setup, where the values of
NPK will be taken as inputs and shows the output as the
amount of fertilizer [7] needed to that respective farmer.

Now, need to enter our credentials to log into the Boltduino
IDE. Once it is opened, need to have a secured connection
between the Boltduino device and IDE. The Blue LED and
Green LED light blink together when the connection is
established securely. As shown in the below figure, named
Boltduino as 'temperature sensor'.

A. EXPERIMENTAL SETUP
Before this process, put a reflector which is a normal mirror
under the soil at a 1cm distance. When this light
transmission system allows the light to fall into the soil, the
light of these nutrients which are nearer and equal to the
wavelengths of incident light will hit back. Then the light
rays hit back are reflected to the light detection system,
which is the second part of the optical transducer. These
values are sent to Arduino. As it has its IDE, it gives the

Figure 4: Set up of Boltduino IDE

We can add many Boltduino devices to IDE depending on
our usage. On the left side of the webpage, it can be seen so
many products. So, the product which is currently being
used can be known by seeing status and product name. By
clicking on the monitor symbol which is in the action’s
column, can view the data that's pushed from Arduino. Next
to the monitor symbol, we have the link symbol which
signifies the connection between product and IDE. Next to
that, the symbol signifies the data is deployed to the cloud.
After deployment, get the result in another webpage by
clicking on the View button.
This data is sent into the Blockchain part for further
analysis. Here, has a webpage where the data is taken and
displays the records of each transaction of different ports.
After the data is pushed to the cloud, the main application of
this project is to be discussed. Here developed a Blockchain
that is hosted locally on laptop and used JavaScript and
Node.js to build the Blockchain and can run multiple nodes
at different ports to achieve decentralization. The ports on
which ran the nodes are 3001,3002,3003,3004. Here used
these four ports as 4 nodes and deployed blockchain. Before
getting to the core of Blockchain, let us see how to connect
the 4 nodes and their working as a decentralized network.
Used Postman to send requests. There is an endpoint in the
code 'register-and-broadcast-node', which is used to register
one node with the other. Connect the nodes one by one, in
the same way, connect every node and can see the status
after the establishment of the connection. After connecting
the ports, and can now push the data from the PoS interface
to the Blockchain and then use a mine endpoint to mine the
data get from the PoS interface. It validates the data and
pushes it to the decentralized network i.e., to every node
which is linked. After that, implemented the nodes using
JavaScript language. During this process, the API ensures
that every endpoint is working and are intact.
As it is known that Blockchain is used for transparency and
to validate transactions. So, developed a Dapp interface. The
decentralized app is developed using HTML, Tailwind CSS
and JavaScript. The front-end interface of the same is shown
in figure-5 below.

As it can be seen that, added the input fields like Land, N-PK Ratio, Fertilizer Quantity, Fertilizer type, Dealer Address
and Farmer Address. The Dealer Address and Farmer
Address use the SHA-256 Algorithm [9] which makes it
more secure.
The entire idea of decentralization is of no use if there is no
common interface to verify the transactions. That's where
database interface 'SFSC: Blockchain database' comes in.
Here used HTML, CSS and Angular for data retrieval. It
provides you with the details of a transaction if you have
transactionID, the DealerAddress or the Farmer Address.
This way, you can check the farmers' recent transactions of
fertilizer before doing another transaction and figure-6
which shows the same interface of Blockchain Database.

Figure 5: Agro Rythu Seva Kendram Web Page

Figure 7: Arduino IDE showing Output of values

Figure 6: Blockchain Database
III. RESULTS AND DISCUSSION
From observation, found that the optical transducer fetches
the values of NPK from the soil and provides it to Arduino
IDE as shown in figure-7 below, in form of voltages. The
values are displayed on the console screen of the IDE.

Now by analyzing these results with different types of soils
like red soil, Black soil etc., made a table-2 as shown below.

Table 2: Threshold level comparison table
By analyzing Table-2 above, can say that if a soil whose
values of NPK are in the range of the table values, they can
be considered as Low amount of NPK or medium or high
respectively. For example, let the value is "2.61" when
Nitrogen LED is used. So from the table, can say that the
soil has a medium amount of Nitrogen. Similarly, can also
check with other nutrients (P and K) using other LEDS and
can say whether the soil has a high or low or medium
amount of nutrients. This gives us an idea of how the soil is
and how it can be made ideal. Now it can prescribe the
farmers to add fertilizers to the soil in a required proportion
so that it can make the soil more fertile for farming. From
the above results, found that for Potassium, the values are
very smaller when compared to the other two nutrients
(Nitrogen and Phosphorous). If these values are in the ratio
4:2:1, then consider that the soil is perfect (ideal). After
fetching these values from the optical transducer through
Arduino, now deployed the data into the cloud using
Boltduino and BoltIot IDE [10].

Figure 9: Port 3001
It can be seen clearly in the values that are pushed to the
blockchain after hitting the mine's endpoint. The field values
"NPKValue",FarmerAddress,FertilizerType, DealerAddress,
land, FertilizerQuantity, TransactionId are appended into the
chain. This happens in every port because they are
connected and decentralized. You can't alter the database
from one node. This makes it more secure and prevents it
from cyberattacks and can be able to see the outputs of
different ports with each having data of other ports linked to
each other like a chain by Postman API.

Figure 10: Port 3002

Figure 8: Boltduino Output webpage
As shown in the figure, outputs obtained on the View page
of Bolt IDE. These values are obtained from the photosensor
diode (PSD). Data count signifies how data is pushed into
the cloud. By clicking on the download data option, store
the data on the device. It can also display the output even on
mobile using the "Bolt IoT App". It can display the output in
the form of charts and graphs on the View page. As you can
see
the
URL
in
each
webpage
shows
'localhost:3001/blockchain', which means 'blockchain'
endpoint is hit on port 3001.

Figure 11: Port 3003
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