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Abstract

Agriculfure kas been a vil indusoy for cenumies, with
approximately §0—70%: of [ndiz's population relying on it
for their liveliboods. Unfortunately, crop lossss due to
varipn: factors zuch as weeds, dissazes, and arttoropods
have increased over fime, fom 34.9% in 1965 to 42. 1% in
the late 1200= worldwide Omne of the crops thar facs
ajpmificant mfection: from bacterda and fongi is potato
plamfz. Common fmsal diseazes that mfect tater mehedes
Altermaria solani  (Early blight) and Phytophthora
infestans (late blight). To address this iszoe, 2 CMN medel
iz proposed an alzorithm capable of detecting thess
dizeases from the plant's leawves. The developed model was
tramed to analyze and understand diseassd leaves with the
aoouracy level of £1.41% befors identifying the specific
dizease. Thizs approack leverags: the [ncepfionV3
2lgarithm

Eeywords: Alferneig  solmi  Comelutional  Neural
Network, Iceprionl?, Phytophthora Gyfestmes, Plod
Fillzge, Softmme

1. Introduction

Agriculture iz a fundamental component of any
civilization, and India has bean 2 major playver i thiz
zactor for many vears [1]. With a rich agricultural
history, this industry plays &8 crocizl role m the
COUNTy's BComomy. Amang the many crops ETOWH n
India, potato iz the most popuolar and successHal,
particularly m the country's subiropical climate.

Diizezzad plantz are those that have been nagativaly
impacted i terms of their normal growth and
vitality., These dizeazes vary depsnding on
environmental condition: and the specific crop
variety, making them 3 major concem for potsto
farmers in India. Common potato dizeaszes mehide
Late Elight znd Early Blight [2], which can have
zevere comsequences for agricultoral produoctivite.
Dietecting these dizessss mamnszlly iz 2 time-
consming process, highlishting the need for mors
efficient solutions.

There are varions ways to identify objects and their
features within images uzing compater vision and
image processing techmigues. Ome of the most
effective approaches is 3 deep leaming CIE model
[3], which we have employed n our study to detect
dizazzs from images of potato leaves.

2. Belated Work

Dietecting plamt diseases in their early stage: is 2
major concern in agricultore. Mumerous researchers
are warking on this izzue, and their findings are
helping to dizenosze and detect plant diseases. As an
example. Tiwari =t 3l [2] amployved transfar learming
technigues and multple pre-framed model: to
anzalyze 3 datzzet of potato leaf images. Their resulis
showed that VGG 19 achisved the highest accaracy
of B7.8%. whils backpropazstion neural netaorks
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and support vector machines attzimed accuracies of
82%: and 93%, respectively.

Sardogan et 2l [4] employed a Corvolotional MNearal
Network in combination with the Leaming Vectar
Craantization (LVQ) algorithm to ideatify and
clazzify dizeaszes in tomato lesves. Their spproach
involved utilizing 300 fmages of tomata leaves to
E=nerate three mput mamice: correspanding to the B
&, and B channels of each image in the datazst. The
LAy alzarithm waz then spplied for image
clazzification amd the detection of leaf dizeazes
They concludad that the LV algornthum, combined
with CPE, effectively classified the types of tomsto
leaf dizeases.

Dz et 3l [5] mvestizated dizease dsatection
uzing two architechires, Alextet and Sgquesze Met,
on the Myidia Tetson Txl hardwars. They foumd that
Alexat was not suitable for diseases detection on
mobile devices becsusze the maodsal was bulky (2178
Mlbyte), whersaz the modsl developed on the
Squeeze Met architectare was zmall (2.8 hlbyte)
and showed zignificant improvement in nference
time. Therefore, Sgueeze Wet iz the best
architecture for mobile devicez like the INMwvidia
Jatsom Txl.

Atila et al. [§] comparad leading-edza deep neural
nat architectures with the Efficient MNet deep learning
architacture two notice plamt leaf zilmeniz in the
Google Cloud Envircament. They found that the
acoaracy of the Efficient INet architechure was better
than added CHM desizns, with an accuratemess of
0097%. Thse precision of the Efficient et
architecture was also  bemer than other
CHN

Architectores.

The Plant Village Datezet [1], obigined from Eagsls,
zaryas 35 the fouwndsational datzzet for thiz deep
leamming-driven paper. Faggle iz an oaline platform
where data zcientistz and KIL engimesrs can
participate in ML competitions, work with variows
datazets, and access notsbooks [2]. The Plant Villaze
Diatazet contzin:g spproximately 20,000 images of
leaves from tormato, bell pepper, potato, amd other
plants m jpspog. format. The dataset incledes both
vigorous and contaminated leaves, with the diseased
leaves divided imto two categories: early blight and
lzte blight.

Fiz_ I Early Blashs

Fig. 2 Late Blight

Far the purposze of thiz paper, the subsst of the
datazet used focuzes on potato plants. Specifically, it
inchodes 1,000 images of Alternaria solani and 1 000
pictures of Phytophthora infastans, and 151 omages
of haglthy leaves. The waining and testing datazais
are divided zuch that 8044 of the healthy leaves are
allocated to trzininz, and the remazininzs I0% to
testing. The same division applies to the dizeazed
leawvas. The dataset iz organized such that there iz a
zeparate directory for each plamt, and each dizeaszs
type within that plant has its omwm folder. Some
model pictures from the dataset are displayed abowve
in fizures 1 and 2.

3. Proposed Approach

The sudy working on a CHIM archetypal to rain on
a pre-processed datazst, and mubseguently testad its
accuracy to draw conclusions. In thizs research
imception v3 model haz applied to zsmahvze the
dizeaze, The Inception w3 architecture iz an
evahition of the originz] Inception model, desizned
to optimize both performsnce and computstonal
afficiency for image classification tazks. Its desizn
iz forused on making deep learnimg netororks wider
and deepar while avoiding the computastional
bottlenecks azzocizted with large layvers.

To zcale the pixel values from a range of [0, 2535] to
[0, 1] (for BUGE images), the nonmalization formuola
iz given below in Eg. (1), where I (Originzl)
represents the piwel miensity of the imags and I
(IMomualized) is the scaled vahie nzad for training the
madel:

'irllll.'m:I.'. id = 'l!-J.LI.I.l.I.l.I.-_I {l:l

Cme of the zignificant advancements in Inception w3
iz the use of factorzed comvolutions to reduce
computational compleaxity. For example:

«  Inztead of using a =singls 5x5 conveluton,
which iz computationally expensive, two
3x3 comvolations are applied segquentislly.
This haz the same receptive fiald a2z 3 5x35
convolution bt with fewer pararmeters.

o  The use of asymmetric convolitions (8.,
brezking down 2 3x3 comvelotion into a
1%3 comvohition followed by a 3xl
convolution) further redoces the marnber of
operztion: while maintaining the link's
capability to excerpt eloguent featirss. In
CIe, comvohitions help in festure mining
from  the pictares. The convohition
operation iz given by below Eq. (I}

(FaKI(Ljl=mEZnlii—m,j
— 1l Km, m) ()
Where,
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L] [ iz the participation image,

L] K iz the kernel filter,

L] i, j reprezent the altfwdinal coordinates of
thie vield feanrs plan, and

- M, noare imdices for swmmation over the
filter siza.

The following figure 3, shows that architectare for
CHI based incepiion w3 model

Fig 3 UMM Based Imception V5 Archinerine

Subzequentlty the CHNM  layver, ag. stimulation
functaon is used to familiarize non-linesrity into the
archetypal, which agress the network to acguire
muliifaceted forms Common activation fonctions
are as follows, denoted by Egs. {(3—5):

RellUl = Fix) = max (0, x} (3

FellJ zwaps undesirable wvalwes with zero and
leaves constroctive values wntoached.

Sigmoid for binstv claszification,

1

glxl = — )
Softmeree for mmlti-class classification,
Softmaxiz ) =" iy

- .E:_-_l—-

Feducing the spatial dimensions of featare maps iz
critical for maintaining efficiency in deep networks.
Instead of usmg conventionsl max pooling for down
zampling, Inception v3 applies comvolations with
strides greater than 1 {eg, 3Ix5 stride-2
comyolutions).

Thiz approach helps preserve more information
while reducing the resolution of festure maps in a
compuiastionally effcient manmner.

3.1 Feature Extraction

To extract festures in this study, the Inceptioa w3
architacture [7], which wasz collsboratively
developed by Google amd other resasychars, waz
wtilized. Inception v3 consistz of building blocks
much 3z comvolutions, max pooling, concatenstas,
dropouats, fully associzted layers, and awverasze
pooling.  hloreover, hatch normalizstion wwas
implemanted through the prototypical and applied to
stirmalation contributions [7, 12]. Featore extraction
aided in enabling the desien to effectvely

diztinguizh among all of the mage's atiributes and
comprabend them for subsagquent scnatiny [3].

3.2 Classificaton

In this resesrch paper, convohitionsl nearal network
haz explodited to classify mmaze: and identfy the
ooocuwrence of Altermaria solani and Phytophithora
infestans., Inception v3 is used to exiract f=atares,
and then tzined deep newral networks  for
clazzification. To optimizs the training process and
minimize lass, Adarn optimizer iz nzed hars

Fig. 4 Chverall System Diesign for the Proposed Sode]

This opiimizer iz 3 popalsr extenszica of SGD m
camputer vizion. For classifiing different labels,
Softmare activation foncticn has been aemployead,
which renovates 3 wajectory of goacmal morals mto
a trajectory of o resl valaes that zum up ta 1. This
fiunction transforms impat valuss into probabilities
by scaling thermn hetween 0 and 1. Deep netororks
often suffer Tom vanizhing sradients, which makes
it difficult te wein earlier layers effectively.
Inception w3 mitigates this by
incorpaorating

anxiliary classifiers at imfermediate lavers [13]. The
above fizure 4 demonsiraies that the complete
system  design for the plammed model These
claszifiers, which are additional softms=m layers,
ErVE TIWD purposes:

[} Thev help emsore gsradient sigmals reach
earlier lawvers mare effectively, which
azzists with raining deeper models.

L They act 3z 3 form of regularizstion,
impraving overall generalization.

To rain the model, a loss fumciion frials the variance

betoreen the desizgn’s propheciss and the factoal
labels {disease types).

Commuon loss fimctions inclods sz follows in the Eg-
e

Loss = —:J_ Er Iy logip d + (1 — 0 logll —
p {5

Where ¥ (1) iz the fact tags (0 or 1), péi) iz the
forecasted possibility, and M is the wial vobomes.,

4. Result
I thiz paper, Plant Willage datazet [1] hasz been

wtilizad, which consists of approsimataly 1000 leaf
images affectad by Alternaria zolani and 152
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pictures of hale and hearty plants; to proposs this
model Dieep leaming techmigues have proven highly
affective in detecting plant leaf dizsazzasz, halping to
anhance  crop efficdency and superiority by
manzging bictic factors that lead to significant
prodoctivity lozzes. In thizs project, we propose a
proflizate and effecmal  mmbti-level machine
learning design for recognizing potats leaf dizeazes.
The model Srst exiracts potato leaf images and then
uzes 3 specialized convolitionsl neural network to
classify Altermaris zolani and Phytophthora infestans
dizeazes. Additionzlty, it accoumts for the impression
of conservetional fastores on these dizeszes.

The recital of the planned potato dizsase detection
waz appraized wusing another dataset, where it
surpazsed other exizting methods. The modsl wasz
accomplizhed on the Potato Lesf Diseaze (PLDY
datszet, both data  expansion, attsining  an
accuratensss of 91.41% along with high precizion,
recall, Fl-zcore, and F.OC corve performance. With
fewer parameters and a simpler design related to top
notch modelling approaches, the proposed method
offars substantial computational zavings and fastar
processing times.

5. Conclusions

A Convolubonal MWeoral MNetwork (CNM) was
dezigned to identify and classify- dizssses in potato
plants, such az early and late blight. Leaveraging the
Inception V3 architecture and the Adam optirnizer,
the mode] demonsirated a classification accuracy of
91.41% on the test data. This approach offers
farmerz an efficient way to monitor crop haalth
anabling early disease detection and diaznosis,
which can coafribute to increazed agricalnaral
productivity. This research suggests that a computer-
based syvstem uiilizing owr model could be an
afficient tool for fanmers to enhance their crop yialkd
and improve plant healkth.
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