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Preface

The Fifth International Conference on ICT for Sustainable Development (ICT4SD
2020) targets theory, development, applications, experiences and evaluation of
interaction sciences with fellow students, researchers and practitioners. The con-
ference is devoted to increasing the understanding role of technology issues, how
engineering has day by day evolved to prepare human-friendly technology. The
conference provided a platform for bringing forth significant research and literature
across the field of ICT for Sustainable Development and provided an overview
of the technologies awaiting unveiling. This interaction will be the focal point for
leading experts to share their insights, provide guidance and address participant’s
questions and concerns. The conference was to be held during July 23-24, 2020, at
Hotel Vivanta by Taj, Panaji, Goa, India, but due to the pandemic, this year it was
organized through digital mode. The conference was organized by Global
Knowledge Research Foundation, Supporting Partner InterYIT, International
Federation for Information Processing, State Chamber Partner Goa Chamber of
Commerce & Industry, National Chamber Partner as Knowledge Chamber of
Commerce & Industry. Research submissions in various advanced technology areas
were received after a rigorous peer review process with the help of program
committee members and 187 external reviewers for 1000+ papers from 19 different
countries including Algeria, USA, United Arab Emirates, Serbia, Qatar, Mauritius,
Egypt, Saudi Arabia, Ethiopia, Oman out of which 160 were accepted with an
acceptance ratio of 0.15. Technology is the driving force of progress in this era of
globalization. Information and communication technology (ICT) has become a
functional requirement for the socioeconomic growth and sustained development of
any country. The influence of information communications technology (ICT) in
shaping the process of globalization, particularly in productivity, commercial and
financial spheres, is widely recognized. The ICT sector is undergoing a revolution
that has momentous implications for the current and future social and economic
situation of all the countries in the world. ICT plays a pivotal role in empowering
people for self-efficacy and how it can facilitate this mission to reach out to
grassroots level. Finally, it is concluded that ICT is a significant contributor to the
success of the ongoing initiative of Startup India. In order to recognize and reward
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the extraordinary performance and achievements by ICT and allied sectors and
promote universities, researchers and students through their research work adapting
new scientific technologies and innovations. The two-day conference had presen-
tations from the researchers, scientists, academia and students on the research
work carried out by them in different sectors. ICT4SD Summit is a flagship event
of the G R Foundation. This is the fourth edition. The summit was addressed by
eminent dignitaries including Shri Manguirsh Pai Raikar, Chairperson,
ASSOCHAM MSME National Council; Shri. Prajyot Mainkar, Chairman, IT
Committee of Goa Chamber of Commerce and Industry; Mike Hinchey, President,
IFIP and Chair IEEE, UK and Ireland; Milan Tuba, Vice-Rector for International
Relations, Singidunum University, Serbia; Prof. Lance Fung, Australia; Prof.
Jagdish Bansal, India; Mr. Aninda Bose, Springer; Dr. Amit Joshi, Director, G R
Foundation. The overall conference had one inaugural session, one keynote session
and 18 technical sessions during two days.

Belgrade, Serbia Milan Tuba
Gwalior, India Shyam Akashe
Ahmedabad, India Amit Joshi
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Classification of Leaves Using )
Convolutional Neural Network e
and Logistic Regression

Sapan Naik and Hinal Shah

Abstract The dissemination of this research paper proffers the method of classi-
fying and recognizing the different leaves of plants from their image. The leaves
of plants contain different features which vary from each other considering from its
shape, size, texture, and color. The image of the leaf is captured from each curve, and
the dataset of 50,000 images has been prepared for 50 plants (1000 images/plant)
of South Gujarat. Pre-trained convolutional neural network (CNN) is utilized as a
feature extractor, and logistic regression (LR) is used as a classifier for leaf classi-
fication. CNN is visualized using deconvolutional network (DN) to get an insight
into extracted leaf’s features. The process of leaf classification includes (1) dataset
preparation and (2) features are extracted using pre-trained CNN models. This paper
outlines six CNN models which are experimented, namely as Inception v4, Xception,
ResNet, InceptionResNetV2, DenseNet, and MobileNet. (3) Stated on the extracted
features, LR is trained and used for classification. (4) Finally used DN for visual-
izing features, which provides the insight into classification results. In experiments,
Xception confers the highest Rank-1 accuracy of 93.4% and ResNet withholds with
poor performance with 36.48% Rank-5 accuracy. MobileNet nearly takes 2.17 min
for training and classification which is the fastest. DenseNet is the slowest and takes
30.48 min for leaf classification. MobileNet is accurate and is relatively close to
Xception model and pursue of exceptionally fast execution. In our experiments, DN
claims the shape and texture of a leaf (diverse orders of venation) are significant
features for classification.

Keywords Convolutional neural network - Deconvolutional network - Feature
extractions - Leaves classification + Logistic regression
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64 S. Naik and H. Shah

1 Introduction

We live in a diverse world where there are indistinct trees. Trees and plants are the
residual of the ecosystem and which are the necessity of our existence and sustain-
ability. There are several plants which are not categorized in urban and rural streets.
Approximately, 20% of the world population can differentiate them and the rest of
us are not aware of the species of plants [1]. Hence, it is a laborious task to distin-
guish between them; we are going to bifurcate their leaves using computer vision
technology.

Nonetheless, we know some of the species of trees and plants; still, it is quite
challenging to differentiate similar kinds of leaves with precision. To maintain the
perfection of these leaves, all the direct, as well as indirect details relevant to the
leaves, should be acknowledged. All the minor details like the shape of the leaf, the
sub-branch of the leaf, its texture, size, color are important for the identification of
leaves [2].

Latterly, deep learning and CNN have availed a lot of popularity. Deep learning
extracts the features of the image and drastically reduces the error in image recog-
nition. CNN has been dominating in the field of image classification since long [3].
The influence of deep learning has been observed, when the team of Hinton won
the ImageNet in image classification competition [4]. Plenty of work was done on
the initial CNN model, and at the present moment, there are many modern CNN
architecture models available which have outstanding performance. Some of them
are Inception, ResNet, Xception, and MobileNet [5].

2 Related Work

By using Caffe model of deep convolutional network for implementation, an average
accuracy of 96.3% was accomplished. Resulting to this, 44 different species of plants
of Royal Botanic Gardens, Kew, England, had been classified using CNN [2] and 13
different types of plant diseases were identified out of healthy leaves [6], and visual-
ization technique based on the deconvolutional networks was utilized for visualizing
features. LeafNet—a plant identification system was developed [7] based on CNNs.
LeafSnap, Flavia, and Foliage datasets were used for training and evaluating CNN.
Results showed better performance compared to handcrafted customized systems.
For classification of the leaf, Life CLEF 2015 dataset was used [8]. CNN was
used with three architectural models, namely GoogLeNet, AlexNet, and VGGNet. It
attained an overall accuracy of 80% and an inverse rank score of 0.752. With the usage
of CNN, leaf classification was implemented, where they had clinched that the shape
is not a dominant feature for leaf, and it was more preferable to opt for different
orders of venation. Deconvolutional network was used to get insight into chosen
features. Plant identification from leaf vein patterns using CNN was proposed in [9]
three different legume species: white bean, red bean, and soybean had been classified
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for the experiment. Fine-grained plant classification system submitted to LifeCLEF
2014 was presented in [10] where CNN was used, and they had achieved the score
of 0.249. Forming of the complication in plant classification, digital morphome-
tric techniques were reviewed in [11]. LeafSnap—a mobile application for plant
species identification was developed using computer vision algorithms in [12]. It
used the traditional method of image capturing, segmentation, feature extraction,
and classification using available dataset. Dataset contains samples of 184 trees in
the Northeastern USA.

Dataset was assembled in a native environment for the classification of plants
where 10,000 images of 100 ornamental plant species were captured using the mobile
phone [13] in Beijing Forestry University campus. Deep learning approach was
used and achieved a recognition rate of 91.78% on the BJFU100 dataset. A tree
classification system treelogy was established [14], where CNN and SVM were used
to classify trees based on their leaves. Dataset of 57 trees with 5408 leaf images was
prepared. Diseased leaf segmentation and recognition method were proposed in [15]
using the fusion of superpixel, K-means, and pyramid of histograms of orientation
gradients (PHOG) algorithm.

To increase the dataset size, six augmentation techniques were applied on three
leaf datasets, namely Folio, AgrilPlant, and the Swedish in [16]. CNN was used to
implement leaf classification task using AlexNet and GoogleNet. Seven new invari-
ants (translation, rotation, and scaling invariants) for multi-component shapes were
proposed in [17] for leaf classification issue. New invariants were robust to noise and
mild deformations.

2.1 Contributions

A dataset with 50,000 images of leaves has been created for 50 different plants of
South Gujarat, and the approach is presented for classification of leaves. CNN is
used for feature extraction process with six architecture models, namely Inception
v4, Xception, InceptionResNetV2, DenseNet, ResNet50, and MobileNet and to get
its insight and extracted features (based on which leaves are categorized); DN is used.
LR classifier is utilized for training and classification purpose. All the outcomes of
the experiment have been compared with available work.

3 Materials and Methods

The preparation of dataset is discussed with the data augmentation method used. Here
in this division, how to train, tune, and implement the CNN model is briefed. Later,
short details of CNN architecture models are provided. At the end of this division,
LR and DN are briefly discussed.
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3.1 Dataset Preparation and Data Augmentation

The dataset of 50,000 images was befallen to categorize the leaves. For preparing
the database, fifty different plants of South Gujarat were selected. Indiscriminating
leaves, 100 s of them were gathered concerning each plant. Each of them is deter-
mined and verified by the native citizens (aged above 48 years) living in the vicinity
of a particular plant. Total 1000 images of leaves are captured from 100 leaves (ten
images of each leaf with different positions). For dataset preparation, iPhone 6 s
is used to capture images. All the images are captured from top view (putting leaf
beneath the camera) in daylight. White paper is used as background for capturing
all images to reduce segmentation issue. The size (resolution) of captured images is
2448 x 2448 pixels. Images are resized to 224 x 224 and 299 x 299 based on CNN
model. The two beneficial reasons for resizing are 1. CNN needs fixed-size input
images and 2. to reduce computational time.

For reducing overfitting problem, dataset’s size is increased by applying posi-
tion shifting, rotation, and scaling. Even brightness and contrast corrections are
performed, for increasing size of dataset. As CNN does not require any prepro-
cessing on images except resizing, no other modifications have been performed on
the dataset. We have applied data augmentation to 200 randomly selected images of
each plant and created 400 new images out of it for each plant. In this way, we have
enlarged the dataset to 70,000 images.

More detail of dataset (i.e., name of each plant whose leaf is considered for
preparing dataset with one sample leaf image) is available at https://drive.google.
com/open?id=1iN4QLGFYD2AHLMWx-FIcPoLczkp__Iqw.

Dataset samples (100 images of each leaf) are available at https://drive.google.
com/open?id=1No7P5M7gwaCQC-yEZuphOxpKDXazMua.

3.2 Overview of Convolution Neural Network

Basic CNN architecture contains four layers, namely convolution, nonlinearity,
pooling, and fully connected. Each layer may occur multiple times in architecture.
The number of each layer depends on the structure/model under use.

3.2.1 Convolution Layer

It is the uppermost layer of CNN which inputs an image. In this layer, filter (kernel or
neuron) is applied to the image. Normally, filter size is 3 x 3 xdepth, where the depth
of input image and filter is the same. Values of filter are multiplied with the pixel value
of the image, and new array is created as output. This operation is called convolving,
and output of convolving is two-dimensional array which is called feature map or
activation map [18].



Classification of Leaves Using Convolutional Neural Network ... 67

TR - a
o/ofofofololo]
{000 50/50/50 0
{07050 00/ 0/0]
[07s0/0/0l0/0/0]
[o7s0/0/0l00l0]
[o50/0/0l0/0/0]
0 0/0/0/00 0]
¢ 4
o.uioisnoioin.o :igisi&j&;“
""" ToTol 0100505050/ 0] 10/0/50/50/50/ 0 |
gzgs%soos%: 3%3333 3 0/0/500/0[0/0 {070 s0/20/070]0]
T0l0/s0/0/00/0] 0l0l0l0/0/s50/0! olalelelslels] b 3 [Bmiavizele o]
[olsa/0l0l0l0]0] * 0/0/0/0/050/0 os0/0/0fofofo] ¥ Tols0i20120/000]
0/s00/0f0l0]0 0/0/olol50/0]/0 0/500/0 000 105012012010 00
{050/ 0/0/0l0l0 [0/0/50/50/0/0]0 0/0/0/0/0j0]0 0/02020/0/0]0
[0lol0lolololo] oo/o/ofololo

Fig. 1 Operation in convolution layer a 3 * 3 filter representation b convolving operation when
feature is available ¢ convolving operation when feature is not available

Various filters are practiced over convolution layer where individual filter repre-
sents various features of images like color, curve, or intensity. To spectacle the filters,
convolving operation and shape detector filter are shown in Fig. 1.

3.2.2 Nonlinearity Layer

Different activation functions are applied to this layer. Some of these activation
functions are Relu, sigmoid, and tanh. Relu is more preferable because it speeds up
the training process.

3.2.3 Pooling Layer

Pooling layer is used for reducing the size of the activation map. Pooling reduces
the chances of overfitting due to less parameter. Commonly pooling is performed
with the size of 2 x 2. Different forms of pooling are max, mean, and median but
max pooling is more popular. The output of pooling layer is given for flattening step
where the two-dimensional array is converted into a single vector because this vector
goes as an input to an artificial neural network.

3.2.4 Fully Connected Layer

This layer comprises neural network where each of the neurons is connected with
the neighbor layer’s neuron. Here, this layer sets the weight and bias.
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3.3 Tuning the CNN Model

Tuning normally contains three phases, i.e., training, validating, and testing [3]. In
the training phase, model is trained using dataset. Later on, this model gets validated,
and finally, it gets tested in the testing phase using new input for the same dataset.

Tuning is also associated with choosing the right architecture for CNN or
designing the new one [3]. Various architectures are available nowadays like AlexNet,
GoogleNet, InceptionResNet, VGG, etc. It is preferable to utilize standard network
architecture in the beginning. In tuning CNN, one needs to decide different param-
eters of the model like weight, biases, epoch, learning rate, validation, and testing
percentage. Normally, backward propagation method is used to set these parameters.
Once training gets completed, all the parameters are saved in a binary file known as
a model.

When new image is under consideration, the saved model is loaded in the same
network architecture and prospect of the new image is calculated. The process is
termed as inference or prediction. During training, we split the dataset into batches,
and we give training in rounds or iterations, which is called epoch.

3.4 Implementation of CNN

There is a technique called transfer learning, which reduces lot of work by using a
fully trained model, already trained on dataset like ImageNet. The existing weights
for new classes will be retrained. This can be run in less time on the laptop, without
requiring a GPU. Time taken depends on the CNN model under consideration.
Though it is not as good as full training but is unexpectedly effective.

3.5 CNN Architecture Models

Many architecture models are available for implementing CNN. Here, we have briefly
discussed VGGNet, Inception, Xception, ResNet50, DenseNet, and MobileNet.

351 VGGNet

It was introduced in 2014 by Simonyan and Zisserman [19]. There are two versions
of VGGNet, namely VGG16 and VGG19. Here 16 and 19 represent weight layers
in the network. The networks are stagnant for training purpose, and in the context
of memory, the weight is wider [20]. It has ImageNet top 5 errors as 8.0%, and it
considers 138 million parameters [21].
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3.5.2 Inception

It is micro-architecture and was first proposed by Szegedy et al. in [22] and later
in [23]. Initially, it was termed GoogLeNet. The weight of Inception is smaller
compared to VGGNet and requires 96 MB of memory space [20]. Inception uses
batch normalization, image distribution, and RMSProp methods. It has ImageNet
top 5 errors as 5.6%, and it uses 25 million parameters [24]. The latest version of
this model is Inception v4.

3.5.3 ResNet

It is exotic architecture which depends on micro-architecture modules [20]. It was
first proposed by He et al. in [25]. It introduces residual connections, and the model
size is 102 MB for ResNet50. ResNet has ImageNet top 5 errors as 4.5% and uses
60 million parameters [24]. It uses max as well as average pooling.

3.54 Xception

It was presented by [26]. Weight for this model is 91 MB. In experiments, it slightly
outperforms the Inception v3 model.

3.5.5 DenseNet

It was introduced by [27] which connects different layers in a feed-forward fashion.
The advantages of DenseNet are that it strengthens feature propagation, alleviate the
vanishing gradient problem, encourage feature reuse, and substantially reduce the
number of parameters.

3.5.6 MobileNet

As the name suggests, it is mainly used for mobile and embedded vision applications.
It was proposed by [28]. It is faster in training as well as in execution.

3.6 Logistic Regression

In simple linear regression (Eq. 1), y is replaced with sigmoid function (Eq. 2), so
LR takes the form of Eq. 3.

y =b0+blx 6]
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In(p/1 — p) =b0+ blx 3)

The reason behind choosing LR is implementation is easy and the availability of
different tools. It provides probability scores for observations which are needed in
our case [5].

3.7 Deconvolutional Network

DN is used to understand the effect of each filter applied during convolution layer.
It facilitates us to visualize the internal working of CNN and how and based on
which features it actually categorizes the leaves. The multilayered deconvolutional
network was introduced by [29]. This method helps us to understand the function
of an individual neuron. Here, feature maps are projected back to its original pixels.
All the layers from starting are deconvolved and unpooled for full input pixel space.

4 Results and Discussion

Experiments are performed on the MacBook Pro (13-inch, mid-2012) machine. The
machine has 2.5 GHz Intel Core i5 processor, 10 GB 1333 MHz DDR3 memory,
and Intel HD Graphics 4000 1536 MB graphics card running on macOS High Sierra
(version 10.13.6). Keras and TensorFlow libraries are used for the implementation
of CNN, LR, and DN. Implementation needs following simple steps.

Step 1. The training image dataset is prepared with respective labels.

Step 2. Parameters are set in the configuration file.

Step 3. Features are extracted from final fully connected layers of pre-trained CNN
and are stored. Using the transfer learning technique, the top layer of the
CNN model is retrained [3]. Our dataset of leaves is used for retraining
purpose.

Step 4. Machine learning model is trained for extracted features and labels of step
3.

Step 5. The trained model is evaluated and optimized if needed.

Step 6. Visualization of CNN is performed using DN.

Fifty folders (one for each leaf category) are created and labeled with leaf’s name
for extracting features through CNN (CNN takes each category folder as input).
Weights of ImageNet dataset are used for pre-trained CNN model (as transfer learning
is used).
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To analyze, we randomly selected 200 images of leaves (total 10,000) from each
category to extract their features, and 20 images of each category (total 1000) are
taken into consideration to provide training to the classifier. For experiments, epoch
value is set to 1000, the learning rate is 0.01, training batch size is 100, and validation
percentage is 10.

Six CNN architecture models, namely Inception v4, Xception, DenseNet,
ResNet50, InceptionResNetV2, and MobileNet are tested. The motive behind
choosing these six models is good accuracy is achieved by these models and for
CNN performance comparison purpose [5].

After configuration, features are extracted and stored as HDF5 format locally.
It is important to check image size while extracting features. Image size of 224 x
224 pixels is chosen for ResNet50 and MobileNet models, and 299 x 299 pixels
are chosen for Inception v4, Xception, and InceptionResNetV2 models. Different
models require different time for feature extraction process. Table 1 shows the time
required by each model to extract features.

After the feature extraction process is completed, features and labels are loaded.
For training these features and labels, we have implemented logistic regression and
Naive Bayes classification models. We have compared the classification results of
LR and Naive Bayes with Inception v4 model, where LR performs better compared
to Naive Bayes. Due to this observation, LR is used as a classifier in all experiments.

Experiments results are shown in Table 2. It represents the accuracy achieved by
each CNN model as Rank-1 and Rank-5. It also contains execution time required to
train 20 images of each leaf (total 1000 images). If the image under consideration
is classified with a perfect label with the highest probability, it is called Rank-1
accuracy; and if it is classified within top five probability (may not be first but within
first five predicted labels), then it is called Rank-5 accuracy.

Table 1 Feature extraction time by CNN models

Model Time (minutes) Model Time (minutes)
Inception v4 242.55 ResNet50 170.89
Xception 259.09 InceptionResNetV?2 341.74
DenseNet 496.14 MobileNet 99.22

Table 2 Rank-1 and Rank-5 accuracy with training execution time for CNN models

Rank-1 accuracy (%) Rank-5 accuracy (%) Time (minutes)
Inception v4 91.91 97.16 5.28
Xception 93.40 97.16 6.08
ResNet50 9.35 36.48 4.51
InceptionResNetV2 88.24 93.35 19.10
DenseNet 88.48 93.35 30.48
MobileNet 91.91 97.16 2.17




72 S. Naik and H. Shah

Table 3 Misclassification of leaves for CNN models

Inceptionv4 | Xception | ResNet50 | InceptionResNetV2 | DenseNet | MobileNet

Hibiscus v v

Khatumada | v/ v v v v

Tecoma v v v v v v

Amli v v v 4

Jackfruit v v

Taggar v 4
Bamboo v v

Undirkani | v/ v v v

In Table 3, misclassified leaves are listed with the CNN model which was unable
to predict them correctly. Tick mark in the box represents that given model has
predicted given leaf incorrectly. Results are shown for all CNN architecture models.

By observing Table 3 and confusion matrix of all models, we have concluded
that misclassification majorly happens with tecoma, amli, khatumada, and undirkani
category of leaves (shown in Fig. 2).

We have implemented DN as described in [29]. For implementing DN, TensorFlow
library is used in the back end and output images are generated in TensorBoard [30].
The visualization results are shown in Fig. 3. Considering the visualization, we can
state that contour of the leaf is important feature for classification (Fig. 3b and 3c, the
feature map is highlighted with yellow color). At the same time, venation of leaves
is also playing an important role in the classification process (Fig. 3b, c¢), the feature
map is highlighted with green color).

There are some standard datasets available to identify leaf classification, but we
have not utilized these datasets. We have mainly focused on leaves of South Gujarat
and created our own dataset. We have compared our leaves classification results with
[7]. Table 4 represents the comparison results.

Fig. 2 Sample of leaf categories which are misclassified
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Fig. 3 Visualization at CNN (a); sample input image (b); visualization at Conv5 layer (c);
visualization after maxpool 4 layer

Table 4 Comparisons of ]
leaves classification methods Method Dataset Top-1 accuracy (%)
Pierre Barre et al. | LeafSnap, Flavia, |86.3,97.9, 95.8
(2017) Foliage
Kadir (2014) Flavia, Foliage 97.2,95.0
Kumar et al. LeafSnap 73.0
(2012)
Wau et al. (2007) Flavia 90.3
Our approach New for South 93.40
Gujarat

5 Conclusion

From experiments of leaves classification, we have concluded that highest Rank-
1 accuracy achieved is 93.4% by Xception model. The fastest model is MobileNet
which gives classification output (training and classification) in 2.17 min. The perfor-
mance of ResNet model is dramatically poor, and DenseNet is found the slowest in
our experiments. Performance of MobileNet is very close to Xception model in
terms of accuracy, and execution is exceptionally fast. Even the Rank-5 accuracy of
MobileNet is the highest with Xception and Inception v4 models. Our experiments
show that the majority of the misclassifications occur in tecoma, amli, khatumada,
and undirkani leaves. We have observed that shape (counter) is one of the most
important features for leaves classification, while venation also plays very vital role
for classification.
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