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Abstract

In modern agricultural fields, the major cutback in both quality and yield of plant
cultivation is mainly due to the pests that affect the plants. For example, in India
tomato being consumed in larger extent is also one of the largely produced
crops, typically it stands third in the production and has a direct impact on
the profit made by the farmers from their yields. However, the greatest threat
to the production rate of this agricultural plant is minute whiteflies destroying
the plant, if they are not timely spotted and treated. Whiteflies feed on the
underneath of tomato leaves, sucking out the sap following which, the leaves
get discolored with leaf margins curling inwards leading to weakening of plant.
Prompt control stops acute damage and thus inspection of tomato leaves is
crucial in order to avoid the economic losses of tomato crop harvesting. This
paper presents a model developed for the pest detection and obliteration
system with real time video processing, using Field Programmable Gate Array
(FPGA). In this implemented system, the robotic car with onboard camera
will constantly monitor the plants for pests. When the pest is detected, it will
stop automatically and subsequently sends signal to the spraying system
which sprays an appropriate amount of pesticides based on number of pests,
thereby optimizing the use of pesticides.
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Introduction

70% of rural population economy in India is
dependent on agriculture and associated categories.
In addition to this, national and international economic
growth is favored by farming and is the highest

private-sector occupation and created employment to
approximately 60 % of country’s work force. However,
agriculture is in a sad state in India. Today’s farmers
are in pathetic condition as they are facing so many
problems. The biggest enemies of farmers are pests.
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For centuries, farmers are battling pests on the field
with both inorganic and organic agents that directly
affect the plants. In the current situation, farmers
need to monitor the health of plants constantly which
is practically laborious, and it adds to labor cost. In
addition to this, farmers suffer from lack of knowledge
on proper quantity of pesticide usage. Bacteria,
viruses, and fungi can all cause plant diseases.'*
On the other hand, excess spraying affects the food
chain which indirectly affects the consumers’ health
which has direct impact on ecological balance.®”

A pest termed Whitefly is a tiny organism which
is highly invasive, troublesome and destructive to
tomato plants. More recently, it is causing huge harm
and a drop in tomato harvest. In this standpoint,
it is imperative to scientifically detect the tiny insect,
which is less than 0.1-inch size, at its early infestation
and to obliterate the pest effectively, using precise
amount of pesticides. This challenge is addressed
in the presented work by employing a new method
of pest detection specifically, on tomato leaves based

on video processing and automated application
of optimal amount of pesticides.

Different techniques are found in literature to detect
the pests in the plants. Pests are detected by using
image processing technique,®® deep neural
networks'%'2 and wireless sensor networks." In most
of these research works, traditional methods orimage
processing methods with non-real time analysis
of pest management scenarios are considered. These
solutions may be inaccurate in deciding the stage of
pestinfestation and their subsequent control methods.
The proposed work caters to process the video
data analysis captured by robotic car and computes
appropriate amount of pesticide to the infested plantleaf.
This leads to reduced damage to the food chain as
well as better control of pests. The suggested system
could increase crop yields while lowering pesticide
usage, leading to sustainable agriculture.

System Design
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Fig. 1: Block diagram of the system
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The design of a system includes architecture,
identifying components, data and modules for a system
to cater specified requirements. The block diagram for
automatic pest detection and spraying system is as
shownin the Figure-1. This system constantly monitors
the plant for pests. If in case, it detects any pests
it will stop automatically and spray the pesticides.
This design basically consists of a robotic car, FPGA,
camera and a sprayer. The robotic car has a camera
and a sprayer fitted on the top of it.

Camera

The camera constantly sends the live feed of the
pests to the video processor which is downloaded
onto an FPGA.

FPGA

FPGA unit houses the video processor which monitors
the pest. This video processing unit is the main
heart of the system. The basic operations of this unit
are: a) It will identify whether the pest is present or
not and b) It will count the number of pests present.

In video processing the following image processing
operations is carried out.

Preprocessing
It selects the suitable color model and converts the
captured image for further processing."

Segmentation

The detection step that follows preprocessing stage
is segmentation. The basic function of this step is to
isolate the object of interest from the color converted
grey image of the leaf.

Noise Removal

While extraction process using segmentation
method, the noise in terms of water-droplets,
dust and remaining parts of leaf are visible in the
segmented image. It is essential to eliminate the
noise to identify only the whiteflies. The resulting
image consists of pixels belonging to whiteflies only.

Identification and Estimation of Number of Pests
Once a noise free image is obtained, the whiteflies
are now represented as white colored blobs in the
image. These blobs have to be counted to estimate
the number of whiteflies.

Prescription of Pesticides

Depending on the number of pests counted, the
FPGA will prescribe the amount of pesticides to be
sprayed.

Control System of Sprayer

This unit sprays the prescribed amount of pesticides.
Sprayer is controlled by DC motor. The motor
controls the movement of the car. If any pest is
identified, then immediately the signal will be sent to
the robot to stop; and simultaneously a control signal
is sent to the sprayer to spray the pesticide.

System Implementation

Capturing Images

The images of pest infected plants are captured
using Camera and the examples of captured images
are as shown in Figure-2. These images are further
fed as input to the system, to be processed and
enable pest detection.

Fig. 2: Captured images of pest infected plants

Preprocessing
The captured image will be converted to an image
which is suitable for further processing. It selects the

suitable color model for processing.''s Selection
of appropriate color model plays an important role
in this algorithm. The default color model is RGB.
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As it can be seen in the images, based on RGB it
cannot extract white flies easily because RGB is
brightness dependent, and color is not constant for
all flies. Hence image will is converted from RGB to
YCbCr and HSV.

Segmentation

The mechanism of segmentation involves dividing
digital image into several parts in order to identify
some pertinent information in the digital images.®"
This process is applied on color transformed
images to isolate object of interest from leaf. This
mechanism is applied on the color-converted image
in order to separate the object-of-interest from the
leaf. Segmentation basically simplifies the image
representation in meaningful form and enables easy
and effective analysis.

Mathematically three required segmented images
can be obtained by the condition mentioned in
equation (1)

White,
Black,

if X1<I(r,c) < X2
Otherwise

Op(r,c) ={ (1)

Where, X1 and X2 are the minimum and maximum
intensity of the color component.

The segmentation algorithm that is chosen here, is
color-based thresholding. The principle of this

algorithm is to acquire an image and perform image-
analysis to identify small object counts. The identified
objects are differentiated by color.

Color Based Thresholding

In this thresholding method, it replaces each pixelin an
image with a black-pixel, if the intensity of the image-
l,; is less than some fixed constant -T (i.e., I, < T)
and replaces with white-pixel if the image intensity
is greater than that constant.®

Noise Removal

Itis always desirable to eliminate the noise presentin
the processed image in order to obtain only the white
flies.'® Noise removal is the process of eliminating
the noise in the segmented image. Rule based
dilation and erosion, being the common structural
operation is applied to corresponding pixel and its
closest ones in the input image. Thus, based on the
rules employed to process the pixel, it determines
the functioning of dilation and erosion mechanism.

Dilation rule followed is that the output pixel value
is assigned maximum value of all pixels which are
in the neighborhood of input pixel. In other words,
in two level images, if any of the pixel is assigned 1,
the output pixel is also assigned 1. And for erosion
if any of the input pixel is set to 0, the output pixel
will follow the same.

Select the intensity range

of pests I1 & 12

Yes

Is pixel lving
with the range of
intensity?

No

Pixel=white

Fig. 3: Flow chart for segmentation process
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Structuring Element

Structuring is basically a window which acts as a
mask. The pixels which are inside the window are
considered and the rest are ignored. It is fundamen-
tally a matrix constituted of Os and 1s that can take
random shape and size. The neighborhood pixels
are described through pixels of value 1. The shape
of the structuring element can be disk, square,
rectangle etc. Once the erosion and dilation are
done on that particular area, the structuring element
moves right by one column and jumps to the next
row and this continues until it reaches the last set
of pixels.

Identification of Pests

Depending on the color of pests, the pest is
identification from the background. Here we are
considering white pixels as pests and black as
background. And the algorithm for this is as shown
in the flow chart of Figure-3. If the pixel value lies
within the selected intensity range, then that pixel is
made white else, it is made black.

Estimation of Number of Pests and Prescription
of Pesticides

Once a noise free image is obtained, the whiteflies
are now represented as white colored blobs in the
image. These blobs must be counted to estimate the
number of whiteflies. And prescription of pesticides
is done depending on the number of pests counted.
The FPGA will prescribe the amount of pesticides
to be sprayed.

Motors of Robot for Movement

From FPGA, a signal with 2-values is sent. Value
‘0’ indicates the presence of pests and robotic car
should stop at that place. Value ‘1’ indicates that
the plant is free from pests and robotic car should
continue moving. To interpret these logic levels for
motors in terms of voltages, motor-controlled board
is being used.

Motor Controlled Board

Figure-4 illustrates a 16-pin L293D motor-driver IC
which allows DC-motor to drive in either direction.
On the basis of inputs as Logic-0 and Logic-1 motors
are rotated. This IC works on the concept of H-bridge
which allows the voltage to be moved in both the
directions. This L293D IC has two enable pins that
is pin number 1 and 9 and both the pins are set to be

high to drive the motor. For driving the motor with left
H-bridge it is necessary to enable pin 1 to high and
for right H-bridge it is required to enable pin 9 to high.

Enable-a, n

INPUT-1 | 2

OUTPUT-1 | 3 |

GND |4 |
GND |5

OUTPUT-2 [ 6]

COUTPUT-4

INPUT-2

V8s2 | 8|

Fig. 4: L293D Pin diagram

Control System of Sprayer

The output of FPGA s either 0 or 1. Spraying action
will be according to these values. If the value is 0,
the spraying action will take place else sprayer will
not spray.

Peristaltic motor as indicated in Figure-5 is used for
spraying the prescribed amount of pesticides.
Peristaltic motor is a 6V DC motor and the working is
based on intermittent compression and relaxation
of hose and subsequently putting the contents into
hose. The chance of pesticide to be sprayed comingin
contact with the moving part is less as it is absolutely
contained inside a robust, heavy-duty hose.

Fig. 5: Peristaltic motor
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Figure-6 shows the example of a pested input

processing. The outputimage has been segmented,
and output image. The input is fed to FPGA for

eroded and dilated. The areas of interest where
pests are present have been extracted.

Inputimage

Ouftput image
Fig. 6: Pest infected plant leaf as input image and segmented image as output image
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Fig. 7: Output of motor control board in absence of pests

In Figure-7, as no pests are detected the control  the car should continue its movement. Where as
signals given to the wheels of the robotic car are  in Figure-8 few pests are detected, and the control
turned to alternative Os and 1s, which indicates

signals change to Os. This indicates car should stop.
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Fig. 8: Output of motor control board in presence of pests

Fig. 9: Action of sprayer when pest is detected

The Figure-9 shows the spraying mechanism on
detection of pests. As and when pests on the plant are
detected, the control signal of sprayer is turned ON
automatically. Hence spraying action takes place.
When the pestis not detected, control signal of sprayer
is not turned ON, resulting with no spraying action.

Following are the advantages of pest detection and
obliteration system

* This system reduces the consumption of
pesticides and makes a wise usage of it.

*  Fully automated system thus reducing the
human labor.

*  Monitoring of pests 24*7 by farmers is avoided
by this system.

»  Saves precious time of the farmers.

» Developed and designed in a very affordable
cost which can reach all classes of people.

* Accurately counts the pests and sprays
accordingly.

Conclusion

The research paper presents the design and
implementation of pest detection and obliteration
system with real time video processing using FPGA.
This implemented system constitutes a pre-
processing stage on the captured image followed
by segmentation, noise removal using erosion and
dilation and identification and estimation of pests and
prescription of pesticides. The prototype of FPGA
based tomato pest detection system mounted on robot
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vehicle can be utilized by farmers to economically
kill pests in real time and manage pests in farms.
The farmers are relaxed from continuous monitoring
of their agricultural fields for detecting the presence
of pests using this implemented model. This model
comprises the video processing to detect the pests
on plant which will be monitored by it-self all the
time thus making the farmer’s work easier. Farmer
with no proper knowledge of pesticides can use this
system effectively, thereby reducing the consumption
of pesticides by retaining the quality of the crop,
while protecting the crops from getting infected.
The designed model also results with cost effective
solution to this problem. In future, the statistical
analysis will be carried out for this work.
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