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ABSTRACT
Agriculture is the backbone of Indian economy. Agriculture uses 85% of available fresh water resources
worldwide, and this percentage will continue to be predominant in water consumption because of population
growth and increased food demand. The main objective of our project is to work we are going to check
temperature, humidity, soil moisture and plant growth monitoring. This paper describes how the remote
Phytomonitoring system for plant growth gives a better solution to monitor plant growth cycle. It is one of the
modern technology in agriculture which is been adopted by developed countries. It is also proved that precision
agriculture is efficient, time saving and most promising technology. Some methodological aspects of the remote
Phytomonitoring information and decision-support system, illustrated with practical examples. Remote.
Phytomonitoring techniques have been proposed as an alternative to plant-based direct feedback control. They
have been developed as the information and decision-support systems for human-aided control of crop growth.
During last few years, the remote Phytomonitoring approach has demonstrated its effectiveness due to large-
scale trial and commercial applications on many horticultural crops

KEYWORDS: Linear Generator, Wave Power, Electrical Machine.

1. INTRODUCTION
In a nation like India, the farming assumes the significant job in the economy and improvement of the nation.
Inundated farming is the greatest buyer of freshwater in parched and semi-dry zones, with a portion of around
70-80% of the absolute volume of utilized water. In any case, expanded interest for water by different divisions
and climate related

restrictions [1]. Numerous remote advancements have been put to various utilizations to actualize remote
sensors in accuracy Agriculture. The effective utilization of water in agribusiness is one of the most significant
horticultural difficulties that advanced innovations are assisting with accomplishing [2]. In this paper creating
water protection in agribusiness is turning into an undeniably significant issue in the Mediterranean nations,
considering the present changes both in atmosphere and in the rural practices. There is a extraordinary
requirement for water system framework modernization to adapt to the expanding esteem and diminishing
accessibility of this item [3]

Water is life because human being, plants and animals cannot live without water. Water is needed to ensure food
security, maintain organic life, take up industrial production, and feed livestock and to conserve the biodiversity
and environment. India is not a water poor country but due to increasing population, water becomes scare
commodity. 70% of the earth is covered with water. However 97.5% of total water is sea water so we cannot use
it. So remaining 2.5% is fresh water availability. 40% of the fresh water can be used by human beings. Per
capita water usages are given in tablel. India comes under Asia continent so Asia is using 519 m3/yr. [1]
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Major consumption of water is in agriculture, domestic purpose and industries. The proportion of water usage
varies from one country to other depends on environmental conditions, water availability,etc.

Table 1: Per Capita Water Use[1].

Per Capita Water
Continets Use (m3/yr)
Africa 258
Asia 538
North and C. 1871
America
South America 478
Europe 1280
USSR (Former) 713

Table 2: shows the water usage of different parts of the world. Developed countries are using less water in
agriculturecompare to developing countries. India is using 83% of total water in agriculture, 12% in industry
and 5% in domestic uses.[1]

Table 2: Current Water Usage [1]

Usage (%) | World | Europe | Africa | India

Agriculture 69 33 88 83
Industry 23 54 5 12
Domestic 8 13 7 5

1.1.Problem definition -

The continuous ever increasing demand of the food requires the rapid improvement in the agriculture
technology. In a country like India, where the weather conditions are isotropic and the economy is mainly based
on agriculture, still we are not able to make full use of agricultural resources. The main reason is the method
which our farmers are using is not efficient. By intuitions and experience our farmers observe the field directly
and without knowing which parameters are lagging ,they use to take decision so the results are less yield, soil
erosion, increasing the infestation of pests, diseases and weeds. So there is a necessity to change the method of
farming. Precision agriculture is one of the most emerging, highly promising and spreading rapidly in developed
countries .Phytomonitoring is a Precision agriculture method. Phytomonitoring is a real time method of
observing different parameters of the plants so that relative decision can be taken. In this method specific
sensors are used to detect parameters like soil moisture, soil temperature, fruit growth, stem diameter, etc. Using
these sensors and wireless technology, we can get real time data of plants at data collection centre and based on
that data we can do treatment to plants.

1.2. Motivation—
Farmers of India are using flow irrigation techniques through which they are wasting around 70% of the water.
So instead of using flow irrigation if we use Phytomonitoring then there is large amount of water saving. Saved
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water can be use in other applications. So Phytomonitoring will help in irrigation as well as in final yield
management.

1.3. Project objective -

The objective of this project is to make a working prototype of the Phytomonitoring system for plant growth
using microcontroller and sensor based network and to demonstrate how beneficiary it is to agriculture sector
for irrigation as well as crop management.

Obijective of the project are as below:-

To design and implement prototype of Phytomonitoring system for plant growth using Microcontroller and
sensor based network.

RF communication module is used for communication. In prototype only one node is been used for
transmitting data.

Three sensors (soil moisture, soil temperature and air humidity) are interfaced with MSP430
Microcontrollers ADC pins.

DC motor is interfaced at receiving side which is controlled based on soil temperature and Soil humidity.

- # #+ #V

1.4 Scope of the Project -

Scope of the study includes:-

Direct real time observation of the plants.

No need to go to the farms as data is coming wirelessly to data collection centre.
Better irrigation management.

Better yield.

Fully automated system which feed water to plants whenever it need.

Water and energy saving.

FEEFEEEY

2. BLOCK DIAGRAM OF PROPOSED SYSTEM
Overview of existing plant monitoring techniques and also the proposed block diagram of Remote
Phytomonitoring system and protocol of operation used in the project. The main objective of this chapter is to
give detail description of how efficiently Phytomonitoring system works.

2.1 Remote Phytomonitoring System Working Principles -

Remote Phytomonitoring technique has been proposed as an alternative to plant-based direct feedback control. It
has been developed as the information and decision-support systems for human-aided control of crop growth.
Using some plant specific sensors and wireless technology, data are transmitted from field to data collection
centre where those data are displayed and based on the data decisions are taken. Based on data automatic
irrigation can be scheduled.

2.2 Existing Plant Monitoring Techniques—

As shown in the below figure 2.1 typical system of farming is using intuitions and experience. Indian farmers
are using this techniques since last many decades. In this style they use to go to farm and use to do direct
observation of the field so instead of knowing what actually plants need , which parameter is lagging they take
decision based on knowledge and intuitions so results are less yield, soil erosion ,huge wastage of water ,
weed,etc. As well as these techniques are slow and expensive even time consuming too. So time they use to
send sample of the soil to the laboratory for analysis. But after all these techniques are not efficient. It takes
more men power, more water and result is less yield. So there is a need for adoption of modern technology in
agriculture.
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Fig. 2.1: Plant monitoring techniques

2.3 Phytomonitoring System And Recommended Set up -

Fig. 2.2: Remote Phytomonitoring system

As shown in the above figure 2.2 Phytomonitoring system consist of sensors, wireless technology for
communication, data collection centre and display. Sensors are particular for measuring specific plant
parameters like soil moisture, soil temperature, fruit growth sensor, leaf temperature sensor. For wireless
communication there are so many protocols such as RF, ZigBee, Bluetooth, infrared.
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Fig. 2.3: Recommended set up
Above figure 2.3 explains the recommended set for Phytomonitoring system. So for measuring various
parameters of the plant such as air temperature, air humidity, wind speed meter (optional), Round fruit growth,
trunk diameter and soil moisture sensors are used. And using RF transceiver data are send to data concentrator
centre and data are displayed on the screen.
2.4 Block Diagram -

Transmitter—

Fig. 2.4: Transmitter

Transmitter part consists of soil moisture sensor, soil temperature sensor and air humidity sensor as these are the
basic parameter which affects the plant growth. These sensors are connected to MSP430F1611 microcontroller.
Through SPlinterface microcontroller is connected to RF transceiver module. So for each 2 second transmitter
will send data to receiver.
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Receiver -

Fig. 2.5: Receiver

Receiver part consists of RF transceiver module which is connected to MSP430F1611 microcontroller.
Microcontroller is connected to LCD graphical display which displays all parameters which are coming from
transmitter. Motor is also connected to microcontroller. Motor is control through soil humidity and soil
temperature.

2.4 Benefits of Phytomonitoring system
Reduced Inspection Outage Frequency.
Reduced Forced Outage Frequency.
Reduced Spillage of Water.

Reduced Maintenance Hours.

Reduced man power.

High yield.

VVYVYVYVYVY

3. SYSTEM IMPLEMENTATION

3.1 Hardware Architecture -

The Remote Phtomonitoring system can be divided into five parts; these five parts are sensor based network
(SBN), MSP430 based embedded system (MES), wireless communication module (WCM), Graphical display
unit (GDU), relay control unit (RCU). The hardware description of five parts are introduced as follows.

»  Sensor based Network (SBN) -

Sensor based unit consists a network sensors these sensors are soil humidity sensor, soil moisture sensor and air
humidity sensor. These all sensors are giving analog voltage and give output in range of 0 to 3.3 V. So they are
compatible with MSP430 microcontroller because MSP430 works on 3.3V. Moreover these sensors are also
linear sensors so accuracy is guaranteed.

» MSP430-based Embedded System (MES)

MSP430 is the heart of the whole system because it controls the whole system. Sensor based unit will give data
to controller. it is controller’s duty to convert those data to digital and give it to RF transceiver module. From
there data will be transmitted.

»  Wireless Communication Module (WCM)

For wireless transmission and reception nRF24L01 module is used. It is interfaced with micro controller using
SPI interface. As we know SPI is a synchronous peripheral interface so clock system is very important in
sending data. It can send data at 1 or 2 Mbps.

» Graphical Display Unit (GDU)
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This unit will display all the parameters which are coming from transmitter. Basically LCD is NOKIA 6100 .It
has 132x132 pixels and it is connected to microcontroller through SPI interface. Here LCD will be as slave as it
is not sending data to controller.

» Relay Control Unit (RCU)

This unit will control the DC motor. Relay works on 5V DC supply. It is connected with BC547 transistor which
works as a switch so when output of the controller is high, transistor will be on so ultimately relay will be on
and motor will be on.

3.2 Project Phases —

Interfacing LCD with MSP430 -

ey I

S
Mastar

Fig. 3.1: Interfacing LCD with MSP430

3

Hello World

110 Horld

Fig. 3.2: Display results

As shown in the above figure 3.1 NOKIA 6100 graphical LCD is connected with microcontroller using SPI
interface. In SPI there are two configuration those are MISO, MOSI. Here for displaying we need only MOSI
(Master Out Slave In) because we are not taking any data from LCD so only four pins are connected with LCD
those are reset , MOSI, clock, chip enable . Results are shown in the below figure 3.2.

3.3. Internal temperature monitoring -

As shown in the ADC12 block diagram MSP430 has total 8 external ADC channel, 4 channels for internal
reference and one internal temperature sensor. We can configure this sensor and can be used as a reference.
Internal temperature sensor is connected at channel no 10. It is using 2.5 V for reference. Data is stored in the
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ADC memory from there it is copied to variable and then using LCD display function it is displayed on the
LCD. Result is shown in the below figure.3.4
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Fig. 3.3: ADC12 block diagram

Fig. 3.4: LCD result

htytp: // www.ijesrt.com®© International Journal of Engineering Sciences & Research Technology

[104]

IJESRT is licensed under a Creative Commons Attribution 4.0 International License.



http://www.ijesrt.com/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

RESEARCHERID

S

{7} THOMSON REUTERS

ISSN: 2277-9655
[Musale et al., 9(5): May, 2020] Impact Factor: 5.164
IC™ Value: 3.00 CODEN: IJESS7

3.4. Basic Receiver —Transmitter operation -

Fig. 3.5: Basic Rx -Tx operation

As shown in the above figure 3.5. Basic Rx-Tx operation is a simple way to check communication between
transmitter and receiver. Basically from transmitter side using switch as an interrupt known data is send and at
the receiver and those known data is decoded and based on that action is taken. So here from transmitter s two
known values Oxab and Oxcd are send. At the receiver end based on the data blinking the LEDs is performed
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means if data is Oxab then only one LED should blink and if data is Oxcd all LED should blink. Result are
shown in the figure. In first figure only one LED is blinking while in the second figure all LEDs are blinking.

3.5 Motor control through temperature sensor —

£

Fig. 3.6: Motor control through temperature sensor
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Fig. 3.7: Setup phoE)s

As shown in the figure 3.6 is a block diagram for motor control through temperature sensor. This set is wired.
So basically LM35 temperature sensor at pin 6.5 is connected. This pin is ADC pin so it has configured as an
ADC pin. LCD is connected to microcontroller through SPI interface. Pin 1.0 is output pin where BC548
transistor is connected which is working as a switch. With transistor relay is connected and then relay and DC
motor. Temperature is the parameter which is controlling the motor. So when temperature goes above 40 degree,
motor should turn ON. And on the display it should show that motor is ON and respective LED should glow.
Temperature sensor is giving analog voltage so first it has to be converted to digital so using ADC it is
converted to digital. Here calibration is necessary so as given in the datasheet it is done. Here MSP430
microcontroller is used as a master and LCD is used as a slave. Set up is shown in the figure.

3.6 One sensor integration with MSP430 wirelessly—

A

Soil

MSP430 A
moisture

Fig. 3.8: Transmitter
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Temperature
and humidity
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Fig. 3.9: Receiver

As shown fig.3.8 in the transmitter part one sensor is integrated with the system. Only one parameter is
measured that is soil moisture. nRF24L01 is used to transmit data. Transceiver module is connected to MSP430
through SPI interface. Soil moisture sensor is connected to ADC pin of pc. Receiver part consist of receiving
module, pic, two sensors, sensors and DC motor. Two sensors are air temperature sensor and air humidity sensor
which are connected to ADC pins of puc. LCD is connected through SPI interface .Rx module is also connected
through SPI interface. As an output motor is connected

Operation -

» Transmitter is continuously transmitting soil moisture data to receiver.

» At receiver using multiple ADC conversion data is displayed on the LCD.

» Same time data which is coming from transmitter is also displaying on the LCD.

» Microcontroller is continuously monitoring moisture content.

» If it goes below 40% it will give high (3.3 V) to the transistor (BC548).

»  So transistor will be on and it will give 5V to relay so relay will be on and ultimately motor will be ON.
» When moisture goes above 60% motor will be OFF.

» Continuously this process is repeated.

3.7 Final Setup —all sensors embedding to gather—

As shown fig.3.10 in the transmitter part of the final set up, all three sensors are connected wirelessly. Those
sensors are soil moisture, soil temperature and air humidity sensor. Soil temperature is used as an offset to soil
moisture. As explained before there is a chance of false reading from moisture sensor as temperature varies so
for more accuracy soil temperature sensor is connected. Program is written in such way that transmitter will
transmit data after every two second. At the receiver end only monitoring of data and decision making is
happen. Data which are coming from transmitter is displayed on the LCD and based on data decision is taken.
Motor is driven based soil moisture and soil temperature.
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Fig. 3.10: Final system block diagram —transmitter

MSP430

Fig. 3.11: Final system block diagram —receiver

Operation -

» Transmitter is continuously sending soil moisture, soil temperature and air humidity data to receiver.

» Receiver will receive all data and display it on LCD.

» Receiver continuously monitor data of soil moisture and soil temperature simultaneously if any one goes
below/above set values then it will take respective action.

» For example if set value for soil moisture is 40% to 60% then if soil moisture goes below 40% motor will
turn on until it becomes 60%.Same way if soil temperature value is set to 35 degree then if due to failure of
soil moisture temperature goes above 35 degree, motor will turn on until it becomes 30 degree. Air
humidity is for reference so that we can compare field humidity with atmosphere humidity.
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3.8 Flow Chart —
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Fig.3.12: Transmitter flow chart
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Fig 3.13: Receiver flow chart
4. RESULTS AND DISCUSSION

4.1 Experiments Planned and Carried Out -

Using the microcontroller based hardware and sensors, different experiments are planned to access the soil

conditions for the growth of the plant. Carried out experiments are

[1] At first black soil was considered and soil moisture and temperature sensors were dipped Inside the black
soil and parameters such as soil temperature, soil humidity were measured for a duration of 10 hours and
observed the variations in the parameters values.

[2] Second time red soil was considered and measured soil parameters such as soil temperature, soil humidity
for 10 hours and observed the difference in the parameters values.

[3] Third time yellow soil was considers and measured soil parameters like soil temperature, soil Humidity for
10 hours and observed the difference in the parameters values.

htytp: // www.ijesrt.com®© International Journal of Engineering Sciences & Research Technology

[111]

IJESRT is licensed under a Creative Commons Attribution 4.0 International License.



http://www.ijesrt.com/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

THOMSON REUTERS
' ISSN: 2277-9655
[Musale et al., 9(5): May, 2020] Impact Factor: 5.164
IC™ Value: 3.00 CODEN: IJESS7

4.2 Test Setup for Remote Phtomonitoring System-

Figure 4.1 shows the final test set up for the real time experiment. In figure Soil temperature sensor, soil
temperature sensor, WSN node, air humidity sensor, LCD display, LCD target board, transceiver module, relay,
Dc motor are shown. Motor was kept inside container for convenience. Time delay between each data is 2
second. For action of motor two parameters are considered those are soil temperature and soil humidity.

Fig. 4.1: Test setup

Fig.4.2: Soil with moisture and temperature sensor
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Above figure shows 4.2 soil moisture and soil temperature sensor inserted inside the soil

A

_ tad
Fig. 4.4: Receiver with display showing all data

Above figure 4.3 shows transmitter part. Transmitter is sending data after each 2 second and also LED is
blinking .all sensors are connected with transmitter.

As shown in the above figure 4.4. LCD target board shows parameters like soil, temp and humidity, also it is
showing the status of the motor .so in current figure soil moisture is 86%, soil temperature is 24 degree and air
humidity is 39%. Data are above the threshold condition so motor is OFF.
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Ifig. 4.6: Motor pumping water

Above figure 4.5 shows that soil moisture is 36% which below the set condition so motor is ON and all LEDs
are also ON.

Above figure 4.6 shows that motor is on and it is pumping water. Here for convenience motor is kept inside a
container.

4.3 Analysis -

From the results we can see that when the temperature of the soil goes above 35 degree and humidity of the soil
goes below 40%, motor start pumping water and as a feedback microcontroller continuously check those
parameters. So when temperature goes below 300 C and moisture goes above 60%, motor will be turn OFF.
Below table shows some results which are taken during the experiment.

Table 4.1 Experiment resultl

SNo | Soltempente | Sodmoiste | Airbummdity | Motorsians
1 5C % % OFF
2 W 1% [ OFF
3 B 0% I N
4 W 60% 3% OFF
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Table 4.2 Experiment result2

| SrNo Soil femperate | Sodl moishwe | Arhemdity | Motor status
[ 1 5C 8% 4% OFF
| 2 #C % 409 OFF
| 3 I¥C 0% 40% ON
4 W 0% 30% OFF

Table 4.2 shows that when soil humidity sensor starts giving false reading through temperature sensor irrigation
can be control.

5. CONCLUSION AND FUTUTE WORK

Conclusion -

Overall the project has been a success with all the project requirement. Remote Phytomonitoring system for
plant growth gives a better solution to monitor plant growth cycle. It is one of the modern technology in
agriculture which is been adopted by developed countries. It is also proved that precision agriculture is efficient,
time saving and most promising technology. | have used MSP430 micro controller which is consuming lowest
power due to its low power mode. It is working on 3.3 V so it is best suitable for battery operated system. Based
on requirement of plant we can set parameters. And based on those parameters we can control motor operation.
So development of remote Phytomonitoring system gives precision water-saving irrigation system which helps
in better growth of crop and better yield too.

Future work —

Our future work experimental program includes the plans about connecting more plant specific sensor at
transmitter end such as fruit growth sensor, trunk diameter sensor, leaf temperature sensor.

Also to cover whole field more than one WSN is necessary. Based on soil property and

The size of the field it can be decided. So to connect more than one WSN and to cover whole field will be the
future direction of development.

Figure 5.1 shows how remotely data can be access and remotely action can be taken. Here multiple WSN is
connected with In Field deployed Cluster Head (CH) which is nothing but a Gateway. This gateway is link
between acquisition area and the farm operation center.

Video stroam
nd

Remota Private o Infiold degloyed
|Autznticatad) Access ClustorHood

Fig. 5.1 accessing public and private data through in-field cluster-head, as a sink node for wireless sensor network data
and as a public service provider. [18]
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The main functions of the Gateway/CH are: sensor network coordination. It describes how the sensor network is
intended to work (e.g. define when to capture data such as temperature, image acquisition) as well how the
network must behave (reactive or pro-active) when a set of factors are presented (e.g. send an order to an
irrigation management system if a humidity parameter is low). As second objective, the Gateway must be able
to report relevant information to the office management level, enabling the farmer to manage the daily work as
well as to plan future activities. The last function is to support a query system, for the farmer on PV practices,
but also as a public data access gateway. As an example, even when the farmer is working on the field, he can
check Gateway stored data and he can also send data to the Gateway using a mobile device. To achieve this, the
Gateway needs to support multi wireless communication protocols such as Bluetooth (for short range) and WI-
FI for larger range. This can also be used as an access point for tourist’s access to information and services
supported by the farm, or simply for accessing public services platforms [18].

For long distance transmission GSM based communication has shown excellent performance at any condition.
Even by connecting GSM module with system gives more information about what is happening in the field at
any place. So Interfacing of GSM module adds more value in remote login and control.
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