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Abstract: Apple tree is one of the most popular plants, which is mostly found in a hilly area. At the
same time, Apple plants are among the most prone to diseases. Identifying the disease at an early stage
and preventing it from spreading to other parts of the plant is a challenge for the expert. Therefore, it
becomes necessary to design a system that can detect and identifies plant disease automatically. In this
paper, an automatic apple leaf disease system is developed in MATLAB. The dataset for unhealthy as
well  as  healthy leaves  is  collected from plant  Village Dataset  Master.  A number of  processes  are
performed  on  these  leaves  such  as  image  enhancement,  segmentation,  features  extraction  and
classification. At last, the parameters are measured to determine the efficiency of the proposed work.
The test results demonstrated that the detection accuracy up to 99.34%.

Keywords: Apple Plant Leaf, Apple scab, Apple Black rot, Apple Cedar, Apple Healthy, SURF,
GA, CNN.

I. Introduction 

India  is  a  rapidly  developing  country  and
agriculture is the main income source that helps
for  the  development  of  countries  in  its  initial
stages.  The country faces  obstacles  due to  the
concepts  of  industrialization  and  globalization
[1].  At  the  same  time,  the  knowledge  and
necessity of agriculture are important in taking
into  account  the  younger  generation.  At  the
present time technology plays an important role
in all areas, but we still use some old procedures
in agriculture [2]. In other words, the economic
growth of farmers depends upon the quality of
the product they produce, which depends upon
the  growth  of  plants  and  the  output  they
obtained.  Since  the  plants  are  exposed  to  the
external environment and hence are more prone
to  disease,  which  in  turns  affects  the  plant
growth and hence the economy of farmers [3].
Plants are affected by different kinds of diseases,
which affects various parts of the plant body like
stem, leaf,  fruit,  seed and many more [4].  The
leaf is the main part of the plant that provides

food to the plant by the photosynthesis process.
Therefore, if the plant leaves are affected by any
kind of disease then it directly influences the life
cycle  of  the  plant  [5].  To  detect  plant  leaf
disease at its early stage it is necessary to design
a  system  which  identifies  the  diseases
automatically.  To  resolve  this  problem  deep
learning is a better way [6]. This is an automatic
learning  scheme  that  helps  to  resolve  the
problem effectively. The main challenge that is
faced during the design is the accuracy and the
robustness  of  the  system.  In this  research,  the
combination of image processing along with the
concept of deep learning has been used[7].

II. Related work

S. Arivazhagan et al.  (8, 2013) has presented
an  approach  for  recognizing  the  disease  of  a
cotton plant leaf. The images have been captured
by a  digital  camera and then the images have
been  pre-processed.  For  the  extraction  of
accurate  features,  feature  extraction  methods
such as edge detection, colour space and textural
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extraction methods have been applied.  For the
detection of cotton leaf disease,  three types of
machine  learning  schemes  such  as  back
propagation  neural  network,  Fizzy  logic  and
Support  Vector  Machine  (SVM)  has  been
applied.

Singh  and  Misra  (9,  2017) have  presented
genetic Algorithm (GA) for the segmentation of
plant  leaf  disease.  For  the  classification  of
diseases of different types of plant leaves such
as  banana leaves,  mango leaves,  potato  leaves
have  been  taken  into  consideration.  The
classification  techniques  such  as  ANN,  Bayes
and Fuzzy logic have been used with an average
detection accuracy of 97.6 5 has been achieved.

Mokhtar  et  al.  (10,  2015) worked  on  the
detection  of  tomato  leaf  disease  detection
system. SVM has been used as a classification
scheme,  which  is  trained  before  testing  using
200 numbers  of  unhealthy  tomato  leaves.  The
detection  accuracy  after  testing  the  disease  of
tomato leaf of about 92 5 has been obtained.

Kamal et al. (11, 2015) designed an automatic
plant  leaf  detection system specifically  for the
palm oil leaves. The developed system utilized
four  working  steps  image  acquisition,
enhancement  of  image,  image  clustering  and
classification. Mainly two kinds of palm oil leaf
diseases named as Chimaera an Anthracnose has
been  identified  using  a  supervised  learning
scheme such as  SVM.  The  detection accuracy
for  detecting   Chimaera  Anthracnose  diseases
are 97% and 95% has been obtained.

Mengistu,  et  al.  (12,  2018) have  presented  a
coffee  plant  leaf  disease  detection  system  by
using a machine learning scheme named as Feed
Forward  Backpropagation  Neural  network
(FFBPNN).  It  is  trained  using  9100  different
types of coffee leaves and the detection accuracy
up to 94 % has been analyzed which FFBPNN
has been used  in  combination with  a  decision
tree.

Wang et al. (13, 2017) Have proposed a region-
based active contour system, which resolved the
problem  of  intensity  in  the  homogeneity  that

exists  in  an  active  contour  model  utilized  for
image  segmentation.  The  proposed  model  has
helped to segment the synthetic as well as real
images as per various intensity characteristics.

III. Proposed System

For the detection of Apple leaf disease following
steps are used as depicted in figure 1.

        Figure 1 Designed Apple Plant Leaf Disease
Detection System

i. Dataset

The  experiments  have  been  performed  on  the
Apple  leaf  disease  taken from “  plant  Village
Dataset  Master”.  Four  different  types  of  apple
diseases have been considered named as Apple
scab,  Black  rot,  Cedar-apple rust  and  healthy
leaves as shown in the figure below.

Figure 2: (a) Apple scab (b) Apple Black rot (c) 
Apple Cedar (d) Apple Healthy

Following  steps  are  used  to  determine  the
category  of  Apple  leaf  using  an  automatic
system.
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ii. Upload test image

To examine the type of apple leaf initially apple
leaf is uploaded as shown in figure 3.

Figure 3: Test image

iii. Pre-processing

In  pre-processing  mainly  two  tasks  has  been
performed  (i)  image  enhancement  and  (ii)
separation  of  background.  The  image
enhancement has been performed to increase the
intensity level of the image. For this, the upper
and  the  lower  limit  of  leaf  pixel  has  been
determined let these pixels are denoted by L and
H respectively.  Following  equation  is  used  to
enhance the image quality.

pixelen hanced=
( pixelimage−L ) (H−L )

(H−L )+L

Figure 4: (a) Enhanced image (b) Background
image (c) Foreground image

To separate background and foreground part of
an image K-mean clustering approach has been
used. This is done to obtain the foreground of an
image as the further processing steps have been
applied to this image.

iv. Segmentation

For  segmentation  of  image  intensity
inhomogeneity  based  approach has  been  used,
which helps  to select  the foreground image in
between the foreground and background.

Figure 5: Segmented Image

v. Feature Extraction 

Speed Up Robust Feature (SURF) is used as
a feature descriptor has been used to select
the unhealthy portion of the apple leaf. The
selected  portion  is  denoted  by  red  dots  as
depicted in the following figure.
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Figure 6 Extracted unhealthy area of apple leaf

vi. Feature Optimization

To discard the unwanted features of the leaf
disease an optimization technique named as
Genetic Algorithm (GA) has been applied.
This  technique  helps  to  select  only  those
features that are related to the disease. This
is  possible  by  selecting  an  appropriate
fitness function.

v. Disease classification

This  is  the  final  step  used  for  disease
classification, here this is possible by using
Convolutional  Neural  Network  (CNN)
technique and the disease type of uploaded
leaf is depicted in figure 7.

Figure 7: Classified Disease

IV. Result and Discussion

A  number  of  experiments  have  been
performed by uploading different unhealthy
leaf  images  along  with  the  healthy  leaf.
MATLAB  as  a  simulator  tool  is  used  to
examine the results as demonstrated in table
1.

Table 1 Computed Result

Nu
mbe
r of
Test
leaf
Ima
ges

Preci
sion

Re
call

F-
mea
sure

E-
Ti
me

Accu
racy

Er
ror

1 0.95 0.9
4

0.94 0.0
047

99.01 0.2
92

2 0.96 0.9
6

0.96 0.0
031

99.12 0.7
76

3 0.96 0.9
7

0.97 0.0
028

99.38 0.7
15

4 0.96 0.9
7

0.96 0.0
016

99.67 0.5
22

5 0.96 0.9
6

0.95 0.0
039

98.82 0.4
99

6 0.95 0.9
6

0.96 0.0
032

99.73 0.1
86

7 0.97 0.9
6

0.97 0.0
031

99.69 0.2
59

             Figure 8: Precision, Recall and F-measure

Figure 8 represents the values of precision,
recall  and  F-measure  measured  for  the
proposed leaf disease detection system. The
graph has  been  plotted  for  seven different
unhealthy leaf samples.  From the graph,  it
has been shown that the precision, recall and
f-measure is maximum for test sample three
and  seven.  This  is  due  to  the  proper
detection and extraction of features from the
test image. The average values of precision,
recall  and  F-measure  determined  for  the
proposed  system  is  0.95,  096  and  0.97
respectively.

Detected Result
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Figure 9: Accuracy

The  detection  accuracy  is  represented  in
figure  9,  which  indicates  that  accuracy  is
maximum for the 4th sample; this is due to
the  proper  selection  of  unhealthy  leaf’s
keypoints  and  classification  approach.  The
average value of accuracy detected for this
system is about 99.34%.

Figure 10: E-Time

The Execution time is  defined as the  time
taken  by  the  system  to  provide  output  in
terms of detected leaf disease and computed

parameter. The E-time is very less and hence
the system is fast. 

                                Figure 11: Error

The error measured for the uploaded seven
different  samples  is  shown  in  figure  11.
From the figure,  it  has  been observed that
error for six number of sample is less and
for the second sample is high.

IV.1 Comparison  of  accuracy  with
Baranwal et al. (2019)

Baranwal  et  al.  have  utilized  CNN  as  a
classifier  to  detect  the  unhealthy leaves  of
apple plant with a detection accuracy up to
98.42 % have been obtained.
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                       Figure 12: Accuracy Comparison

The  comparison  of  accuracy  has  been
performed with the existing work presented
by  Baranwal  et  al.  [14].  There  is  an
enhancement  of  0.93  % compared  to  [14]
has been achieved.

V. Conclusion

In  this  article,  we  focused  on  identifying  the
type of unhealthy apple leaves using an artificial
intelligence  technique.  CNN has  been  used  in
combination  with  GA.  The  problem  of  the
contour during segmentation has been resolved
by using the intensity inhomogeneity approach.
The test results demonstrated that the detection
accuracy  for  the  three  types  of  apple  disease
leaves up to 99.34 % has been obtained. Also, to
show  the  efficiency  of  the  proposed  work  in
contrast  with  Baranwal  et  al.  [14]  and  the
enhancement of accuracy up to 093 % has been
obtained.
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