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Abstract:

The rapid growth of global population and increasing demands for food pose significant challenges to
crop production. One of the major threats to crop health and yield is the infestation of pests, which can
cause substantial losses if not detected and controlled in a timely manner. To address this issue, we
propose an intelligent system designed to employ cutting-edge machine learning image processing
techniques and advanced algorithms. Implemented within the PyCharm environment, this system enables
early detection of pests, protect crop health and maximizing yield.

The proposed system leverages recent advancements in computer vision and machine learning
algorithms to analyze images of crops captured by high-resolution cameras installed in the fields. The
image processing techniques involve various steps, including image acquisition, preprocessing, feature
extraction, and classification. Initially, images of crops are acquired and preprocessed to enhance their
quality and remove any noise or artifacts. Next, relevant features such as color, texture, shape, and size
are extracted from the preprocessed images to capture distinguishing characteristics of healthy and pest-
infested crops.

Upon detection of pests, the system generates alerts and notifications to inform farmers, enabling them to
take immediate action to mitigate the spread of pests and minimize crop damage. By leveraging the
power of image processing and machine learning, the intelligent system enables farmers to detect pests at
their early stages, providing a proactive approach to pest management and safeguarding crop health and
yield.
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Introduction:

Agricultural crops are vital for sustaining global
food production and meeting the increasing
demands of a growing population. However, the
health and yield of crops are constantly
threatened by various factors, with pest
infestations being one of the most significant
challenges faced by farmers worldwide. Pests
such as insects, mites, fungi, and weeds can
cause extensive damage if not detected and
controlled in a timely manner. Conventional pest
detection methods rely heavily on manual
scouting, which is time-consuming, labor-
intensive, and often inefficient, leading to
delayed detection and inadequate intervention.
The aim of this paper is to introduce an
intelligent system that utilizes image processing

techniques for the early detection of pests.
which will aid in protecting crop health and
yield. The system employs a multi-step
approach, involving image  acquisition,
extraction, and
classification, to accurately identify and classify

preprocessing,  feature

pest-infested crops. By automating the pest
detection process, the proposed system can
significantly reduce the time and effort required
for manual scouting, enabling farmers to take
proactive measures and mitigate potential
losses.

The system utilizes high-resolution images of
crops captured by cameras installed in the
fields. Image processing techniques are
employed to enhance the quality of the acquired
images and extract relevant features that can
differentiate between healthy and pest-infested
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crops. PyCharm's capabilities, such as its
extensive libraries and tools, make it a suitable
environment for implementing these image
processing techniques efficiently.

The use of image processing techniques in
conjunction with machine learning algorithms
implemented in PyCharm holds significant
potential for protecting crop health and yield.
This intelligent system offers a proactive and
automated approach to pest management,
ensuring that farmers can detect and respond to
pest infestations promptly. Future
enhancements could include real-time image
analysis, remote monitoring, and integration
with farm management software, further
enhancing the scalability and usability of the
system.

The focus of this research has been on White
flies, which are minute and challenging to see
with the human eye yet may seriously harm
crops. The suggested approach involves the
counting of pests on plants and the subsequent
determination of white fly intensity on each leaf.
This study presents an automated method for
accurately identifying white flies within
imported crop images. This proposed approach
has shown to be highly useful for implementing
preventative measures to save the environment
from the adverse effect of extensive pesticide
usage.

In conclusion, this paper introduces an
intelligent system that utilizes image processing
techniques implemented in PyCharm and
machine learning algorithms for early detection
of pests, aiming to safeguard crop health and
yield. The subsequent sections of this paper will
provide a detailed methodology, experimental
results, and discussions on the effectiveness and
practicality of the proposed system. Through
this research, we aim to contribute to the
advancement of pest management practices in
agriculture, ultimately benefiting farmers and
ensuring sustainable crop production.

Literature Review:

Research has already been conducted on the
field of automated pest detection in crops,
focusing specifically on the identification of
white insects on leaves. . The Relative Difference
in Pixel Intensities (RDI) technique has been
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employed to detect these white flies, along with
counting them to estimate their density within
the field. A team consisting of S. Vasanthi, S. R.
Huddar, K. Keerthana, and S. R. Rupanagudi
proposed an algorithm that demonstrates
effectiveness in both greenhouse and crop
environments. Their algorithm utilizes a set of
100 images for evaluation and achieves an
accuracy rate of 80%. While the algorithm
performs well in cases involving overlapping
white flies, it falls short in capturing the
complete contour of each white fly, leading to
potential erroneous detections.

Li, X, Wang, ], Wang, X, & Wu, C. (2018). A
review on computer vision-based defect
detection and quality evaluation for agricultural
products. Computers and Electronics in
Agriculture, 151, 61-69.

This review paper discusses the application of
computer vision techniques in agricultural
product quality evaluation, including the
detection of pests and diseases. It provides an
overview of various image processing methods
and machine learning algorithms used for pest
detection in crops. The paper highlights the
potential of these techniques in automating pest
detection and emphasizes the importance of
early detection for effective pest management.
Mohanty, S. P., Hughes, D. P, & Salathé, M.
(2016). Using deep learning for image-based
plant disease detection. Frontiers in Plant
Science, 7, 1419.

The paper explores the use of deep learning,
specifically convolutional neural networks
(CNNs), for image-based plant disease detection.
Although focused on plant diseases, the study
provides insights into the applicability of similar
techniques for pest detection. It discusses the
advantages of CNNs in extracting meaningful
features from images and highlights their
potential for early detection of pests and
diseases in crops.

Cheng, Y. Liu, Y, Yu, X, & Yang, H. (2019).
Detection of cucumber diseases based on
improved convolutional neural network. IEEE
Access, 7,43102-43112.

This research paper presents an improved CNN-
based approach for detecting diseases in
cucumber plants. It discusses the pre-processing
techniques used to enhance the quality of input
images and the design of the CNN architecture
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for accurate disease classification. Although
focused on plant diseases, the study provides
valuable insights into the application of similar
techniques for pest detection in crops.

Sa, I, Popovi¢, M., Khanna, R., & Fernandes, K.
(2016). Weed detection using an ensemble of
descriptors based on color and texture.
Computers and Electronics in Agriculture, 127,
50-69.

This research article focuses on weed detection
in agricultural fields using image processing
techniques. It explores
texture-based

various color and

descriptors for weed
identification and discusses the effectiveness of
different feature extraction methods. The study
provides valuable insights into the application of
image processing approach for detection of pest
on crops, especially in context about weed
management.

Senthilkumar, T., Karthikeyan, S., & Jayapriya, .
(2018). Computer vision based pest detection in
crops using feature extraction techniques.
International Journal of Pure and Applied
Mathematics, 118(24),1-9.

This article introduces an approach based on
computer vision techniques for detecting pests
in agricultural crops.. It discusses various
feature extraction techniques, including color-
based, texture-based, and shape-based features,
for identifying pest-infested crops. The study
emphasizes the importance of feature selection
in achieving accurate pest detection results and
highlights the potential of computer vision
techniques in crop pest management.

Overall, the reviewed literature highlights the
significance of early pest detection in crop
protection and the potential of image processing

techniques, including deep learning and feature
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extraction methods, for automating this process.
The studies emphasize the importance of
accurate classification algorithms, such as CNNs,
in distinguishing between healthy and pest-
infested crops. Furthermore, the literature
highlights the need for efficient pre-processing
techniques to enhance the quality of input
images and the role of PyCharm and similar
development environments in implementing
image processing and machine learning
algorithms effectively.

Proposed Methodology

To ensure high yield and productivity, early
detection and identification of pests in crops are
It significant problem
agriculture, hence effective strategies to combat
the infestation while minimizing pesticide use
should be devised. Image processing techniques
are widely used in agricultural research, and
they give optimum crop protection. This in turn,
can lead to improved crop management and
yield. Daily crop scouting and identification of
pests on leaf are the main focus which relies on
human labor and time taking. Nevertheless,

essential. is a in

automation monitoring has advanced to reduce
human effort and inaccuracy. Thus, the goal of
this proposal is to present a novel framework
for pest identification based on image and video
processing, consisting of six main phases, i.e.

1) Data Acquisition.

2) Image Processing.

3) Image Filtering

4) Segmentation

5) Feature extraction and Identification of pests
6) Classification of pests.

Image Processing
N Technique

Filtering

Feature
Extraction and
Identification

Segmentation || Classification

v

—

Leaf
Image

Fig.1 Flow Process of Proposed Algorithm for Pest Detection and Classification
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Fig.2 Stages of Image Processing Technique using OpenCV & PyCharm

Color Image to Gray scale Conversion

During Image preprocessing color images
require a lot of processing time and storage
space. The three component intensities of Red,
Green, and Blue (RGB) make up the information
that is included in each pixel in a color image.
Converting color images to grayscale makes
them simpler to handle and store since
processing each color image requires three
channels. Utilizing the relationship illustrated
below, any color image can be converted into a
grayscale version.

I(x,y) 20.2989*B20.5870*G20.1140*B

Resizing the Image

Depending on the application, various image
resizing methods are employed. The most
popular methods are bilinear, bi-
cubic, and nearest neighbor interpolation. The
output pixel in bi-cubic and the weighted
average of the 2x2 and 4x4 neighborhoods is
used in bilinear interpolation. The accuracy of
the bi-cubic technique is higher than that of
other approaches. So Bi-cubic interpolation

provides superior results, is implemented in this
algorithm.

Converting Gray Image to Blur Image
Gaussian filtering serves to smoothen image by
reducing noise and eliminating fine details. In

two dimensional Gaussian G(x)y) function
P

G(X'Y) = me 262,

The pixels in a Gaussian blur are prioritized

based on their distance from the kernel's centre.

The name "Gaussian blur” refers to the Gaussian

function that controls the pace at which this

weight decreases. Image is converted from gray

scale to Blur using Gaussian Kernel with

Gaussian of 6=2 and kernel size (9x9)

Image Filtering

Gaussian filters employ a 2D distribution as a
point-spread  function, enabling effective
operation by convolving it with the image. The
standard deviation of the Gaussian determines
the level of smoothing achieved. In the pre-
processing stage, image enhancement is applied
to enhance the focus on pests present on leaves.
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A filtering process follows, effectively
eliminating low-frequency background noise.
Both average and median filters, using a 3x3
filter size, are applied to the entire image. The
performance of the average and median filters is
evaluated by computing the Peak Signal-to-
Noise Ratio (PSNR) for their respective output
images. The study reveals that the average filter
yields superior results compared to the median
filter. Consequently, the subsequent processing
steps in this study utilize the average filter for
further analysis and manipulation.

A Gaussian filter, serving as a low pass filter, is
employed to selectively blur specific areas of an
image and diminish noise by targeting high-
frequency components. To achieve the intended
outcome, the filter is created as a symmetric
kernel of odd dimensions (akin to a matrix in
Digital Image Processing) and applied to each
pixel within the region of interest.

Noise Removal

Noise and the object of interest were both
apparent during image capture from the crop
field. Noise includes dust, dew droplets, and
visible leaf components. The objective is to
reduce the noise in order to provide better and
more effective outcomes since just the item of
interest should be shown on the photographs.
To address this type of noise, the Erosion
algorithm is employed for its elimination.
Subsequently, after the removal of noise, the
Dilation algorithm is utilized to enhance the
detected pests through segmentation.

Image Segmentation

The most crucial part of the picture backdrop,
which is derived using morphological operators
to detect pests in images, comes after the
original image has been removed. The final
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image will thus only include backgrounds with
pixel values 0, and objects with pixel values 1.
This approach yields superior outcomes.

Watershed segmentation and Gaussian mixture
models are general pest
methodologies. These algorithms' execution
times increase exponentially because they make
extensive use of arithmetic operations and
Statistical functions. The suggested approach
improves performance and yields superior
outcomes as a result.

detection

Feature Extraction

On the basis of attributes used to categories an
image, various aspects of the image are
determined. The regional properties of the
images and grey level co-occurrence matrix are
calculated for image properties. The algorithm is
trained to categories image based on these
characteristics.

Final Outcome

The primary objective is to quantify the number
of pests present on the leaves, providing insights
into their population per leaf. The aim is to
analyze the average count of pests detected on
1% of the plants within a specific area of the
field. Notably, this algorithm deviates from the
use of canny or edge detection operators.
Instead, it leverages the Moore neighborhood
tracing algorithm and Jacob's stopping criterion,
which yield superior performance compared to
conventional edge detection operators. By
avoiding edge detection, which tends to
introduce noise and lacks the ability to
determine object size, the algorithm effectively
utilizes linked component analysis to accurately
detect and determine the true number of
objects.
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Fig.3: Pest detection on crop stem using Image processing.

Results: the performance of the proposed algorithm,

The pest identification system, proposed and evaluations were conducted under different

built upon image processing techniques, settings, and the corresponding results are

underwent rigorous testing over a span of five depicted in Table 2. A conclusive comparison

consecutive days, utilizing diverse random crop between the functionality of the RMI algorithm

images. The findings from these tests are and the proposed method is presented in Table

comprehensively outlined in Table 1. To assess 3.

Table I: Analysis of Image Intensity to Identify Pest Presence at Random Locations Over Five Consecutive

Days
Image-1 Image-2 Image-3 Image-4 Total
Day 1 18 21 10 8 57
Day 2 14 15 18 14 61
Day 3 11 16 14 15 56
Day 4 12 10 22 10 54
Day 5 15 12 10 15 55

Table 2: Statistical Evaluation performance by the proposed Algorithm on an image

Group n Class 0 o onClass 1 o onClass 0 pClass 1
Entropy H 5.36 0.38 0.18 6.86
Mean p 146.80 26.09 22.95 125.71
Standard Deviation ¢ 12.28 8.50 4.17 34.21
Contrast A2 .16 .08 24
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Energy 46 .09 13 .26
Correlation .84 .05 .04 .93
Homogeneity .65 .07 .03 .89
Euler Number 12 12.69 .08 14.80
Eccentricity NA| .04 NA| .92
Filled Area NA| 1360.05 NA| 1895.24
Solidity NA| .18, NA| .82

Table 3: Comparative Performance Analysis of RMI and Proposed Algorithm

Algorithm-Type

RMI Algorithm

ProposedAlgorithm

Time to Execute

28.156982 Sec perimage

22.190648 Sec perimage

Complication

Average

Small

Better performance
when dealing with

results in undue
segmentation

The size and shape [Operates
of detected
Presentation Measure |overlapping flies but [whiteflies are not [though whitefliesjwhiteflies
visible clearly.

Genuine form for
effectively even |detecting the

are overlapped.

% of Accuracy 92%

95%

Conclusion:

This research primarily focuses on addressing
the challenge posed by white flies, which are
tiny and challenging to detect visually but can
cause significant harm to crops. The proposed
algorithm effectively counts the number of pests
in image and accurately calculates the density of
white flies present on leaf.

The choice between the RMI algorithm and
machine learning algorithms for image
processing  depends on the  specific
requirements of the application, the available
data, and the desired outcomes. The RMI
algorithm can be effective in certain scenarios,
particularly when the image segmentation task
can be well-defined by predefined criteria.
Machine learning algorithms, on the other hand,
offer more flexibility, adaptability, and
potentially higher accuracy when trained on
diverse datasets. They are particularly suitable
for complex image processing tasks and when
dealing with varying or noisy data.

The proposed algorithm proves highly valuable
in implementing timely preventive measures,
effectively mitigating the need for widespread
pesticide usage. This approach helps preserve
the environment by minimizing the harmful

effects associated with extensive pesticide
application.

These characteristics may be used to classify
white flies with a success rate of more than 95%,
which is perfect for automating early pest
identification. It is important to note that the
actual results obtained from implementing the
intelligent system will depend on various
factors, including the quality of image
acquisition, the diversity and representation of
the training dataset, the chosen machine
learning algorithms and their parameters, and
the real-world conditions in which the system is
deployed. Conducting extensive experiments
and validations using real-world data will be
essential to evaluate the performance and
practicality of the system in protecting crop
health and yield.

REFERENCES

1. Zhong, Y.; Gao, J.; Lei, Q.; Zhou, Y. A vision-
based counting and recognition system for
flying insects in intelligent agriculture.
Sensors 2018, 18, 1489.

2. Zhang, Wei, et al. "Recognition and control
of plant diseases for smart agriculture
using internet of things and cloud
computing." Computers and Electronics in
Agriculture 151 (2018): 366-376

1221



Journal of Harbin Engineering University
ISSN: 1006-7043

3. Cho, J,; Choi, ].; Qiao, M,; Ji, C.; Kim, H.; Uhm,
K.; Chon, T. Automatic identification of
whiteflies, aphids and thrips in greenhouse
based on image analysis. Int. ]J. Math.
Comput. Simul. 2007, 1, 46-53.

4. Picon, A, et al. "A machine learning
approach for insect pest detection in
greenhouse crops." Computers and
Electronics in Agriculture 158 (2019): 26-
34.

5. Jing, L, et al. "Automatic crop pest
detection based on deep learning." Journal
of Applied Remote Sensing 13.3 (2019):
036519.

6. Cruz, A. C. C, et al. "Machine learning
techniques for pest detection and
recognition in agriculture." Computers and
Electronics in Agriculture 149 (2018): 1-13

7. K. Thenmozhi, U. Srinivasulu Reddy, “Image
Processing Techniques for Insect Shape
Detection in Field Crops,” International
Conference on Inventive Computing and
Informatics (ICICI 2017) IEEE Xplore
Compliant - Part Number: CFP17L34-ART,
ISBN: 978-1-5386-4031-9.

8. Ntoulas, N., et al. "Computer vision-based
detection and classification of crop diseases
and pests." Computers and Electronics in
Agriculture 147 (2018): 70-76.

9. H.A. Hiary. B. Ahmad. M. Reyalat. M. Braik.
(2011, Mar.). Fast and accurate detection
and classification of plant diseases.
International  Journal of  Computer
Applications. 17(1), pp 31- 38. Available:
http://www.ijcaonline.org/archives/
volumel7/numberl/2183-2754

10.Hong, S.-]; Han, Y, Kim, S.-Y.; Lee, A.-Y;
Kim, G; Hong, S.-].; Han, Y.; Kim, S.-Y.; Lee,
A.-Y.; Kim, G. Application of deep-learning
methods to bird detection using unmanned
aerial vehicle imagery. Sensors 2019, 19,
1651. [CrossRef]

11.1khlef Bechar and Sabine Moisan, “On-line
counting of pests in a greenhouse using
computer vision”. published in "VAIB 2010
- Visual Observation and Analysis of Animal
and Insect Behavior (2010)"

12.Thakur, S., et al. "Detection of whiteflies in
greenhouse crops using deep learning
techniques.”" Computers and Electronics in
Agriculture 170 (2020): 105246.

Vol 44 No. 11
November 2023

13.Babar, A. R. et al. "Detection and
classification of plant diseases using deep
learning techniques: A review." Computers
and Electronics in Agriculture 183 (2021):
106040.

14. Available:
http://connection.ebscohost.com/c/article
s/85741 188/feature-extraction-diseased-
leaf-images.

15.Benlan Shen, Jun Chang, Chuhan Wul,
Yihan Jin, Weilin Chen, Dalin Song, Yu Mu,
“Local zoom system for agricultural pest

detection and recognition”, Applied
Physics B (2018) 124:219,
https://doi.org/10.1007 /s00340-018-
7089-4.

16.Arivazhagan, S., et al. "An automatic pest
detection and classification system using
computer vision techniques." Computers
and Electronics in Agriculture 125 (2016):
132-142.

17.Andy Thé, “Matlab Image Processing
Toolbox”,
http://www.mathworks.com/products/im
age/featu res.html#key-features, 2015.

18.L. Zhu and Z. Zhang, “Insect recognition
based on integrated region matching and
dual tree complex wavelet transform,”
Journal of Zhejiang University-SCIENCE C
(Computers & Electronics), 2011.

19.Singh, Ananya, et al. "A review on
automated pest detection and classification
techniques for agricultural crops using
digital imaging techniques." Computers and
Electronics in Agriculture 183 (2021):
106033.

20.Khan, Anwar A, et al. "A novel approach for
automatic crop disease classification using
machine learning techniques." Computers
and Electronics in Agriculture 159 (2019):
9-15.

AUTHORS PROFILE

Mr. S. Ramesh Kumar, an accomplished scholar,
holds an M.Tech degree in Computer Science &
Engineering from Acharya Nagarjuna University
(ANU) in Guntur, Andhra Pradesh, India.
Currently, he is an esteemed Research Scholar
pursuing his Ph.D. at Koneru Lakshmaiah
Education Foundation in Guntur, A.P. His
research interests lie in the domains of Machine

1222


http://www.ijcaonline.org/archives/
http://connection.ebscohost.com/c/articles/85741188/feature-extraction-diseased-leaf-images
http://connection.ebscohost.com/c/articles/85741188/feature-extraction-diseased-leaf-images
http://connection.ebscohost.com/c/articles/85741188/feature-extraction-diseased-leaf-images
http://connection.ebscohost.com/c/articles/85741188/feature-extraction-diseased-leaf-images
https://doi.org/10.1007/s00340-018-7089-4
https://doi.org/10.1007/s00340-018-7089-4
http://www.mathworks.com/products/image/featu
http://www.mathworks.com/products/image/featu

Journal of Harbin Engineering University
ISSN: 1006-7043

Learning, Image Processing, and UAV
technology. Mr. Ramesh Kumar has already
authored six Scopus publications, further
showcasing his expertise and contributions to
the field.

Dr. Srikanth Vemuru, a highly accomplished
individual, obtained his Ph.D. degree in
Computer Science & Engineering, specializing in
Wireless Sensor Networks, from Acharya
Nagarjuna University (ANU) in Guntur, Andhra
Pradesh, India, in 2011. Currently serving as a
professor in the department of Computer
Science & Engineering at Koneru Lakshmaiah
Education Foundation in Vaddeswaram, Andhra
Pradesh, India, he brings forth extensive
expertise in his field. Dr. Vemuru's research
interests encompass a wide range of areas,
including wireless networks, mobile
communications, cognitive radios, MANETSs, ad-
hoc networks, and sensor networks. Notably, he
is currently supervising and guiding eight Ph.D.
scholars in their research pursuits. Dr. Srikanth
has made significant contributions to the
academic community, with an impressive
publication record of 110 SCI, WoS, and Scopus
indexed journals with high impact factors.

Dr. A. Srinath . A, a distinguished individual,
received Ph.D. from PtRavi Shankar Shukla
University- Raipur at the Research Center of
Govt. Engg. College, Raipur (now NIT Raipur) in
2009. Presently, he holds the esteemed position
of Dean Skilling and Progression at Koneru
Lakshmaiah Education Foundation in
Vaddeswaram, Andhra Pradesh, India. Dr.
Srinath's research interests encompass a wide
range of subjects, including Design of Machine
Elements, Robotics, Mechanisms, and Machine
Theory. His contributions have been recognized
with numerous awards, including the Former
UGC-Research Awardee 2012-14, Research
Excellence Award 2018 from the Institute for
Exploring Advances in Engineering, 45th Young
Engineer Award 2012 from IE-India, NK Iyengar
Memorial Gold Medal-2006, and Indira Gandhi
Memorial Gold Medal and Award 2017 from
GEPRA-New Delhi. With a strong publication
record, Dr. Srinath has published over 100
research papers in SCOPUS and SCI indexed
journals with high impact factors and SJR
rankings. Currently, he is supervising eight Ph.D.
scholars for the academic year.

Vol 44 No. 11
November 2023

1223



